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Resumo

RESUMO

Este trabalho visou estudar o emprego de ligantes de afinidade para extracfio ¢
purificacdo de diferentes enzimas por particlo em sistemas de duas fases aquosas (SDFA).
O emprego de ligantes especificos em um estagio inicial de um processo extrativo visa
reduzir o nimero de etapas do mesmo, pois a0 aumentar a seletividade e especificidade de
uma operagdo, as proximas sdo diretamente beneficiadas pela reducdo de carga do matenal

confaminants.

Tnicialmente foram investigados métodos de ativagio quimica do polietilenoglicol
(PEG) com o intuite de tornd-lo mais reativo para o acoplamento da molécula do ligante.
Foram usados dois métodos de ativagio deste polimero: com cloreto de wresila ¢ com
cloreto de tionila. Para ativagio com cloreto de fresila, o rendimento obtido foi de 74%,
determinado pela analise do enxofre elementar, enquanto que para a ativagdo com cloreto

de tionila, o rendimento obtido foi de 86% (p/p) (capitulo 7).

Um estudo para extraglo e recuperagdo da B-galactosidase de diferentes origens
microbianas: Klwyveromyces lactis, Khpveromyces fragilis, Aspergillus oryzage €
Fscherichia coli foi entdo realizado (capitulo 3) ¢ fol observado que somente a -
galactosidase de Escherichia coli era coletada na fase superior em sistema formado por
PEG 4000 15% e fosfate 13,6% (coeficiente de partigho, K = 52} As demais B-
galactosidases eram sempre particionadas em direcio & fase inferior salina juntamente com
as principais protefnas contaminantes, impossibilitando a separagho ¢ purificagfio. Com o
objetivo de separar a B-galactosidase das outras proteinas, um processo especifico de
particio por afinidade fol desenvolvido, o qual consistiu de duas etapas: acoplamento
especifico da enzima ao ligante ¢ rompimento desta interagiio. Para eficiente separagdo
entre a B-galactosidase de Khpveromyees fragilis € 05 contamingntes protéicos  foi
desenvolvido um processo em duas etapas, aonde a primeira utiliza o ligante APGP (p-

aminofenil-B-D-tiogalactopiranosideo). Os sistemas usados foram formados, na primeira

sy
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etapa (acoplamento da enzima), por PEG 4000-APGP 6% e dextrana 505.000 8% ¢ na
segunda etapa (desacoplamento da enzima) por PEG-APGP 13% e fosfato 9%.

Na primeira ctapa de purificagio, o K da P-galactosidase teve um aumento de
aproximadamente 2.800 vezes com o uso do PEG-APGP, apresentando recuperagio de
§5% da enzima na fase polimérica do sistema PEG-APGP/dextrana e a segunda etapa da
purificagdo da enzima foi realizada em sistema formado por PEG-APGP 13% ¢ fosfato 9%,
mostrando-se altamente eficiente na reversfio do X da enzima $-galactosidase para a fase
oposta. O valor do coeficiente de particdo fo1 de 2,7 x 10° com 39% de recuperagio da

enzima na fase salina (capitulos 3 e 4},

Com o intuito de investigar a capacidade do polimere de afindiade PEG-IDA-Cu N
em extrair proteinas nos SDFA, a partigio da lisozima proveniente de clara de ovo e da
peroxidase de soja fol investigada (capitulos 5 e 6). A lisozima de clara de ovo de galinha
foi utilizada como enzima modelo nos estudos preliminares em sistemas de afinidade
contendo o complexoc PEG-IDA-Cu’". Esta enzima possui um tesiduo de histidina
disponivel na sua superficie, tornando vidvel sua extracio neste tipo de sistema, ja que um
residuo de histidina € suficiente para formar o complexo enzima-metalo-ligante. As
concentragdes empregadas foram de PEG 4000 13% e fosfato de potassio % (p/p). pH 7.0
nos SDFA sem o ligante. Em sistemas de afinidade, as concentragdes do PEG-IDA-Cu ”
foram de 1. 35 e 10% e as concentracdes de PEG 4000 foram de 12, 8 ¢ 3%,
respectivamente, sendo que a concentragio do fosfato permaneceu em 9%. O valor do
coeficiente de partigiio, K, foi aumentado 9 vezes guando PEG-IDA-Cu™ foi usado nos

SDFA de afinidade, sendo possivel recuperar 31% da lisozima.

Para recuperaciio da peroxidase de soja, Glycine max, o metalo-ligante cobre (Cu™
foi acoplado a0 complexo PEG-IDA, formador da fase polimerica do sistema. Duas etapas
foram suficientes para a recuperagfio da peroxidase usando sistemas de afinidade. Na
primeira etapa da extragfio, o sistema foi composto por PEG-IDA-Cu®™ 14% e sulfato de

sodio 8% para o acoplamento da enzima ¢ na segunda etapa, um sistema constituido de

Xyl
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PEG-IDA-Cu®™ 14% ¢ fosfato 10% foi usado para o desacoplamento da enzima, a qual foi
recuperada na fase salina. Obteve-se um aumento de K de 24 vezes e recuperagio maior
que 100% da enzima, quando o sistema de afinidade foi usado. Na etapa de desacoplamento
da enzima obteve-se 64% de recuperaco. A fase polimérica foi reciclada e usada num
sistema contendo PEG-IDA-Ci® " 14% e sulfato de sédio 8%, obtendo-se um K = 23, com

recuperacio de 85% da peroxidase.
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Summary

SUMMARY

In this work the extraction and purification of B-galactosidase from different species
and soybean peroxidase (Glycine max) in agueous two-phase systems (ATPS) by bioaffinity

were studied. The synthesis of affinity polymers to recover this enzyme was also studied.

Initially the extraction of B-galactosidase from Kiuyveromyces lactis, from
Kluyveromyces fragilis, from Aspergillus oryzae and from Escherichia coli was compared. It
was observed that only the B-galactosidase from Escherichia coli partitioned to the top
phase in a system formed of 15% PEG 4000 and 13.6% phosphate {partition coefficient, K =
32). B-galactosidases from other sources partition into the bottom salt-rich phase, together

with the main contaminant proteins, preventing separation and purification.

The specific ligand APGP {(p-aminophenyl 1-thio-B-D-galactopyranoside) is an
inhibitor of B-galactosidase, and it was attached to polyethylene glycol (PEG). Two methods
of activation were used: activation with tresyl chioride and with tiony! chloride. The yield
for activation of tresyl chloride was 74%, determined by elementary sulphur analysis, and

the yield for activation with tionyl chloride was 86%.

A new two-step method for extraction and purification of the enzyme 3-galactosidase
from Kheyveromyces fragilis was then developed. In the first step, an affinity system
composed of 6% PEG 4000-APGP and 8% dextran 505 was used, where P-galactosidase
primarily partitioned toward the top phase (K 2,330). Inthe second step, a system formed of
13% PEG-APGP and 9% phosphate salt was used to revert the value of the partition
coefficient, K, of B-galactosidase to 2 x 107, thereby achieving the purification and recovery

of 39% of the enzyme in the bottom salt-rich phase.

The extraction of the model protein lysozyme from chicken egg white was studied by
affinity in systems with the complex PEG-IDA-Cu®". This enzyme has 2 histidine residue

available on its surface, making possible its recovery in this system Metal affinity

sviii
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partitioning in ATPS is a usefil tool to extract the proteins which have accessible histidine,

cysteine or tryptophan on their surfaces.

Partitioning of lysozyme in a PEG 4000/phosphate system, pH 7.0, was studied in
the presence and in the absence of PEG-IDA-Cu®". The composition of systems without
ligands was 13% PEG 4000 + 9% phosphate, and the affinity systems had correspondent
amounts of PEG 4000 replaced by 1%, 5% and 10% of PEG-IDA-Cu®". The partition
coeflicient, K, of the lysozyme increased minefold when 5% PEG-IDA-Cu®* was used, and
45% of the enzyme was recovered in the top ligand-rich phase of the system. This 1s a
pioneer work on liquid-liquid extraction of lysozyme in ATPS with PEG-IDA-Cu*",

Then the extraction of peroxidase from a crude extract of defatted soybean
peroxidase (Glycine max) by metal affinity in an ATPS was studied. A two-step hiquid-
liquid extraction process using metal ligand was developed aiming to purify the peroxidase.
In the first purification step, the system was composed of 14% PEG 4000-IDA-Cu®" and 8%
Na3S80, and the peroxidase partitioned mainly to the top phase (K = 24). In the second step,
a system formed of 14% PEG 4000 and 10% phosphate was used to revest the value of the
partition coefficient of peroxidase to the bottom salt-rich phase (K = 0.05), providing the
purification and recovery of 64% of the eﬁzymeA The top PEG 4000-IDA-Cu®"-rich phase
was washed by ultrafiltration in order to remove the sulphate salt and reused in another cycle

of peroxidase purification.

Only two steps were enough to recover the enzymes f-galactosidase and peroxidase
in the ATPS by broaffinity.
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Introducio

INTRODUCAQ

Os sistemas de duas fases aquosas (SDFA) sfo empregados para extragio ¢
purificagio de biomoléculas, células ¢ organelas, antibiéticos, como também produtos de

fermentacdo, como acetona, butanol e etanotl.

Em 1956, Albertsson observou a partigio de cloroplastos em SDFA composto por
PEG/sal ¢ de outras organelas celulares e macromoléculas em sistemas formados por

PE(/dextrana. A partic da década de 1970, as caracteristicas fisico-quimicas do sistema
PEG/dextrana e as propriedades de partigio de biomoléculas foram amplamente estudadas
(ALBERTSS(}N, 1971; JOHANSSON, 1970, JOHANSSON et al, 1973; JOHANSSON,
1974). Nos anos 80 diversos grupos de pesquisadores utilizaram os SDFA para recuperagio
em maior escala de biomoléculas (KRONER er af., 1982a; KULA ef al., 1982; VEIDE et
al, 1983; KRONER et al, 1984; CORDES & KULA, 1986; TIERNELD et af, 1987,
SZOKE ef al., 1988, CORDES & KULA, 1994; LIN ef al., 1996), devido as dificuldades
encontradas nos processos escalonados de purificagéo por cromatografia, por ser este Gltimo
um processo descontinuo € devido & baixa taxa de transferéncia de massa (CARLSSON,
198%). Recentemente a termodinémica da separagio de fases foi desenvolvida (BROOKS ef
al., 1985, BASKIR ef al,, 1987, KANG & SANDLER, 1988, KING er al., 1988, BASKIR
e al., 1989a; CABEZAS et al., 1990, CAREZAS ef al., 1992: ROGERS & BAUER, 1996,
WU e al, 1998) e modelos matemaiticos para partigio molecular foram descritos
(BROOKS e al, 1985, BASKIR er al, 1987, CORDES ef al, 1987, KANG &
SANDLER. 1988; KING er al, 1988, BASKIR et ol 198%; SUH & ARNOLD, 1990,
LUTHER & GLATZ. 1994; EITEMAN et al., 1994, WU & ZHU, 1999, WU et al., 1999).

~ Os SDFA sa0 geralmente formados por dois polimeros ou por um polimero e um sal
liotropico em 4gua, que acima de determinadas concentraches ocorre a formagio de duas
fases. Um outro componente solavel ao ser adicionado a este sistema distribui-se entre as
fases apos equilibrio. A relagiio eatre a concentragio deste composto solivel na fase
superior (menor densidade) e fase inferior (maior densidade) define o coeficiente de

particio, K.



Introdugdo

O mecanismo de afinidade ¢ comum a diversas biomoléculas, consistindo na

capacidade que estas possuem em reconhecer ¢ se ligar 4 outras moléculas especificamente.
Essa caracteristica é utilizada em diversos processos de separagdo e purificagiio por
afinidade. O ligante ¢ acoplado por ligaglio covalente & uma das fases ricas em polimero ¢

portanto, sua particio ocorre de maneira extrema, em diregdo a fase superior ou inferior. Se

a proteina “alvo” a ser isolada tiver afinidade pelo ligante, 2 formacio do complexo ligante-

protefna induzira 2 alteragio da partico da proteina para aquela fase enriquecida no ligante.

Segundo WALTER et al. (1985) o fendmeno de partigiio em SDFA abrange diversos

temas como processos de separagdio, purificagdo de proteinas, biotecnoclogia, bioquimica

vegetal, adesio bacteriana, diferenciagio ¢ desenvolvimento celular, imunologia, quimica
organica sintética, etc., e os bons resultados obtidos por esta técnica nem sempre podem ser

obtidos por outros métodos disponivels de separagio.

O objetivo deste trabatho ¢ a aplicagdio conjunta de dois conceitos de purificagdo ¢
extracio de proteinas: utilizagio de ligantes especificos e partiglio em SDFA. Os sistemas de
afinidade desenvolvidos foram empregados para extragdo e purificacio da B-galactosidase

microbiana e da peroxidase de soja, Glycine max.
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Capitulo 1

1.1 Introducio

Particho de biomateriais em SDFA atua seletivamente na purificagdioc de
constituintes celulares de varios tamanhos, incluindo proteinas, 4cidos nucléicos,
membranas e organelas celulares. O uso dos SDFA é simples e pode ser realizado sem 0 uso
de equipamentos sofisticados. Devido & sensibilidade e fragilidade das biomoléculas, torna-
se necessario a escolha de processos nio agressivos que mantenham suas propriedades
fisicas e quimicas. Os SDFA contém elevada quantidade de dgua (80 a 90%) em ambas as
fases ¢ podem constituir um excelente ambiente para células, organelas ou proteinas
biologicamente ativas (ALBERTSSON, 1971, ELLING ef al, 1990, ALBERTSSON &
TIERNELD, 1994) Dos varios métodos existentes na literatura para extraciio de
biomoléculas, a extragio liquido-liquido vem ganhando destaque por atender estas

exigéncias basicas e sua aplicagdo industrial ser vidvel.

Os SDFA formam-se a partir da mistura de solugBes aquosas de dois polimeros
hidréfilos incompativets, como PEG {polictilenoglicol) e dextrana, on de um polimero e um
sal Tiotropico, como PEG e fosfato de potassio. A extragio nestes sistemas pode substituir as
etapas iniciais da punficagdo (precipitagiio, filtrag@o) e da cromatografia preparativa de
proteinas, podendo também ser escalonada, sem perda significativa na eficiéncia do

Processo.

O coeficiente de partigio, K, de cada enzima & calculado a partir da relaglo entre as
concentragdes enzimaticas em cada fase {superior/inferior). O sucesso dos SDFA  em
biosseparacdes se deve ao fato de se explorara maxima diferenga do coeficiente de partig#o
das biomoléculas, isto &, o vator de X pode ser alterado pela mudanga das condigbes do
sistema, portanto, deve-se elevar o coeficiente de particio de uma proteina “alve”™ e manter
o K das outras proteinas indesejaveis (contaminantes) para CODseguir uma eficiente
separagio de biomoléculas. O valor do K esta relacionado com a escolha dos polimeros,
massa molecular, temperatura e outros fatores (BASKIR ef al, 1989). Além da afinidade,
outras propriedades fisicas da biomolécula 2 ser purificada, como carga, hidrofobicidade,
tamanho e concentraciio, apresentam um papel importanie no processo de parti¢io em

SDFA (ALBERTSSON, 1983} .
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Um caminho promissor para a efetiva extragho seletiva tem sido através do
acoplamento de ligantes s enzimas ou ao polimero usado no sistema, promovende ©
aumento da seletividade da purificagio (AGUINAGA-DIAZ & GUZMAN, 1996).

O uso de ligantes bioespecificos acoplados ac PEG tem sido empregado para a
recuperagio de enzimas por partigdo em SDFA. Estes polimeros so pouco reativos ¢
necessitam ser quimicamente ativados para numa segunda etapa, reagirem com o ligante

especifico para a purificagio da enzima.

1.2 B~galactosidase

A enzima lactase ou f-galactosidase (B-D-galactosideo galactohidrolase E.C.
3.2.1.23) catalisa a hidrolise da lactose, o aglicar do leite, em glicose e galactose e possui
indmeras aplicacBes na area de tecnologia de produtos lacticos, ou seja, produtos
industrializados que possuam lactose. Produtos hidrolisados por lactases sdo pouco
produzidos no Brasil e a demanda por tal tipo de produto poderia ser atendida no caso desta

enzima ser produzida a baixo custo e-possuir elevada qualidade.

A enzima B-galactosidase ¢ formada intracelularmente em leveduras e bactérias e
excretada por fungos. As fontes mais importantes s8o as espécies de Aspergillus niger, A.
oryzae, Kluyveromyces fragilis, K. lactis, sendo também produzida por Newrospora
(LANDMAN, 1954), Escherichia coli (WALLENFELS et al., 1960), Saccharomyces lactis
(GUY & BINGHAM, 197R), Bacillus circulans (KITAHATA et al., 1991), Scopulariopsis
sp (PASTORE & PARXK, 1980) e Erwinia aroidea (FLORES & ALEGRE, 1996).

A massa molecular (MM) desta enzima depende de sua origem. A enzima de
Khoveromyces fragilis possui uma MM de 201.000 Da de acordo com MAHONEY &
WHITAKER (1978), no entanto, GONZALEZ er al. (1990) encontraram uma MM de
270.000 Da para esta mesma fonte. Para a enzima proveniente de Aspergillus oryzae a MM
foi estimadz em 90.000 Da (PARK et al, 1979), de Altermaria palmi 160.000 Da
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(AGRAWAL & DUTTA, 1987), de Bacillus megaterium 130.000 Da (POLLARD &
STEERS, 1973).

WALLENFELS e al (1960) estudaram a B-galactosidase produzida por
Escherichia coli ML309. Verificaram a hidrolise de diversos substratos pela enzima,
constatando que tiogalactosideos possuem elevada afinidade pela mesma enzima, mas ndo
s3o hidrolisados pela B-galactosidase. Observou-se também que a afinidade da enzima pelo

substrato era aumentada por NaCl

WOYCHICK & WONDOLOWSKI (1973) utilizaram 2 B-galactosidase de
Aspergilius ﬁiger imobilizada com glutaraldeido em esferas porosas de vidro. Verificaram a
aplicabilidade desta enzima na hidrélise de lactose de leite ¢ derivados. A lactose de soro de
leite "doce” e do leite integral foi hidrolisada em aproximadamente um ter¢o em
comparaciio com a taxa de hidrolise da lactose de soro 4cido. A enzima imobilizada
apresentou a mesma propriedade funcional e estabilidade que a enzima soltvel, retendo
aproximadamente 75% de sua atividade original. O pH de 4,5 e a temperatura Otima de
55°C oferecem a vantagem de operagdo industrial, diminuindo o risco de contaminagio

microbiana.

GUY & BINGHAM (1978) relataram as propriedades da R-galactosidase de
Saccharomyces lactis em leite ¢ derivados como agente de conversdo de lactose em
monossacarideos ¢ observaram que o pH 6timo para hidrolise era 6,5. O tratamento térmico
da enzima por 1 minuto a 60°C resuitou em 97% de inativago, sendo esta completa a 70°C.
Foi verificado que os ions potdssio, magnesio e manganés aceleram brandamente a
atividade catalitica da enzima, enquanto que os jons sodio € calcio imbem a reagdc

significativamente.

KITAHATA ef al. (1991) relataram a sintese de oligolactossacarideos pela 8-
galactosidase de Bacillus circulans. Tista enzima apresenfou uma intensa atividade de
transgalactosilagdo. A sintese de galactoligossacarideos ¢ de interesse na atualidade pefo

seu favorecimento ao crescimento dos Lactobacillus bifidus.
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Fsta enzima possui varios outros substratos como por exemplo, o-nitrofenil-B-D-
galactopiranosideo, p-nitrofenil-B-D-galactopiranosideo, p-nitrofenil-o-D-
galactopiranosideo, p-nitrofenil-N-acetil-B-D-galactosamina, p-nitrofenit-a-D-
manopiranosideo, p-nitrofenil-o-L-fucopiranosideo, o-nitrofenil-B-D-fucopiranosideo, p-
nitrofenii-B-D-glucopiranosidec € o-nitrofenil-p-D-xilopiranosideo  (AGRAWAL &
DUTTA, 1987). Estes autores determinaram a especificidade da enzima para esie
substratos, incluindo a lactose (substrato natural). A enzima foi observada ser altamente

especifica, hidrolisando somente ligagbes B-D-galactopiranosideo.

1.2.1 Uso da B-galactosidase

A B-galactosidase ja ¢ usada em escala industrial na ldrolise de lactose em leite

soro de queijo (GEKAS & LOPEZ-LEIVA, 1985).

Esta enzima catalisa a hidrolise da lactose, o agicar do leite, com formagio de
glicose e galactose, sendo largamente empregada na indisiria de alimentos, evitando a
cristalizacdo da lactose nos tratamentos de leite ¢ derivados que envolvam resfriamento,
congelamento e/ou concentragio. A presenca da lactose confere ao produto final o defeito
de textura relatade como “arenosidade”. Além disso, a hidrolise da lactose em leite e
derivados poderia tornar tais produtos aceitévels para a parcela da populagdo que apresenta
intolerfncia a lactose (deficiéncia enzimatica endogena da B-galactosidase) (AGRAWAL &
DUTTA, 1987, SALOFF-COSTE, 1993).

A levedura Klyveromyces fragilis é uma boa fonte de enzima e diferentemente de
bactérias e fungos, ¢ aprovada para uso em alimentos {MAHONEY & WHITAKER, 1978)
¢ também ¢ disponivel comercialmente (AGRAWAL & DUTTA, 1987).

As lactases podem ser utilizadas para a transformagéo de soro de queijo, um produto
de descarte da inddstria queijeira, em xarope de sabor doce. Estes xaropes derivados de
factose podem servir como substitutos dos xaropes de sacarose € dos xaropes de glicose de

milho para usc em panificagdo, refrigerantgs, laticinios e sobremesas, apresentando
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propriedades favoraveis ao processamento de alimentos como boa umectincia ¢ habilidade
para promover reacdo de Maillard, com uso também npa hidrélise de lactose, adogantes,
solubilizantes, remogdo de cristais (produtos lacteos) e pasta de dente {GODFREY &
REICHELT, 1983).

1.2.2 Extracio e purificaciio da p-galactosidase

As propriedades fisico-quimicas da lactase microbiana que vdo determinar oS
processos de estragio ¢ isolamento dependem da fonte da enzima, isto &, do tipo do

microrganismo produtor.

Cromatografia de afinidade usando o ligante p-aminofenil-B-tiogalactopiransideo
(APGP) foi realizada por STEERS ef al. (197 1), Foi observado que a B-galactosidase de
Escherichia coli ndo se ligou diretamente ao inibidor APGP acoplado a suporte sélido,
sendo necessario usar um espagador de 21 A. A enzima foi recuperada em 93% em uma

{inica etapa. A enzima foi eluida com tamp&o borato de sédio 0,1 M, pH 7.5

A B-galactosidase de Klwyveromyces fragilis foi purificada pela primeira vez por
UWAJIMA er al (1972) por técnicas cromatograficas classicas. MAHONEY &
WHITAKER (1978) purificaram esta mesma enzima por cromatografia em trés etapas:
primeiramente usando APGP como ligante contendo um espacador, obtendo purificacdo de
12,8 vezes, seguida por cromatografia usando hidroxiapatita (purificacio = 13,4 vezes) ¢
entiio cromatografia de troca ibnica (purificago = 14,9 vezes). Eles relataram gue no foi
possivel recuperar a B-galactosidase em uma {inica etapa (afinidade), sendo necessdria a
utilizacio de outras etapas. STEERS ef al (1971) observaram que outras proteinas

contaminantes podem competis com a B-galactosidase pelo ligante APGP.

PARK ef af. (1979) produziram ¢ caracterizaram as propriedades da B-galactosidase
de Aspergillus oryzae. Verificaram que a temperatura 6tima da enzima purificada era 50°C.

Foi observado que os ions metalicos e reagentes sulfidrilicos ndo tém efeito na atividade

8
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enzimatica. Foi constatado também que a galactose inibia competitivamente a atividade

enzimatica, enguanto a glicose nio.

0 solamento da B-galactosidase de Scopulariopsis sp tem sido feito
convencionaimente, por cromatografia (PASTORE & PARK, 1980).

VEIDE ef al. (1984) recuperaram B-galactosidase proveniente de Escherichia coli
usando SDFA constituido de diferentes composighes de PEG 4.000/fosfato de potéssio, com
extraco continua, obtendo rendimento (R) de 83,5% e fator de purificacdo (FP) de 13,6

SDFA constituido de PEG 4000 5,3% e fosfato de potassio 12,5% foi utilizado em
larga escala para uma purificagio primaria de B-galactosidase de Escherichia coli

recombinante (VEIDE et al,, 1987) e conseguiram 105% de recuperagio.

AGRAWAL & DUTTA (1987) purificaram a B-galactosidase de Alternaria palmi
por cromatografia de troca 10nica e obtiveram um aumento na purificacio de 30 vezes e
recuperagic da enzima em 60%, utilizando 3 etapas: fracionamenio com acetona,

ultrafiltragio e cromatografia.

KOHLER & VEIDE (1994) através da tecnologia do DNA recombinante utilizando
o microrganismo Zscherichia coli, fundiram o plasmidio responsivel pela produgio da
enzima P-galactosidase a um outro plasmidio contendo um residuo hidrofébico de facil
recuperagio em SDFA (PEG/fosfato de potéssio, pH 7), conseguindo 64% de recuperagio

desta enzima em uma Gnica etapa.

B-galactosidase recombinante foi purificada em SDFA. LUTHER & GLATZ (1995)
fundiram cadeias de peptideos carregados i B-galactosidase, purificaram em SDFA
corﬁpostos de PEG/dextrana contendo pequena quantidade de um polimero carregado
DEAE ou dextrana—sulfato e obtiveram um aumento no coeficiente de partigiio da enzima

acima de 37 vezes.

SDFA foi usado em fermentacio extrativa de B-galactosidase de Escherichia coli. A
enzima foi particionada para a fase superior, enquanto que 0s contaminantes e as células

9
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foram particionados para a fase inferior (SILFWERBRAND er of, 1991; KUBOI ef al,
1995).

A Tabela 1 apresenta uma comparagio de métodos de purificagio usados para f3-

galactosidase de Kiuyveromyces fragifis.

Tabela 1. Comparacio de métodos de purificacdo de f3-galactosidase de Khpveromyces

Sfragilis.
Processos Fator de Recuperagio  Atividade Referéncia
Purificacio (%) Especifica
(Ulmg
1y APGP 12,8 66 194 MAHONEY &
2) Hidroxilapatita 13,4 63 204 WHITAKER.
3) DEAE-Sephadex A-30 14,7 61 223 (1978)
{gradiente linear)
4) DEAE-Sephadex A-50 14,9 61 226
(gradiente de intervalos)
SDFA convencional: GONZALEZ e
1) PEG/ostato 6,5 66 190 al. (1990)
SDFA convencional:
1) PEG/dextrana 2.8 57 104 SHVA &
SDFA por afinidade FRANCO
1} PEG-APGP/dextrana 9,7 55 361 {1999z}
{acoplamento)
2y PEG-APGP/fosfato 19 39 708
(desacoplamento)

1.3 Peroxidase

Peroxidase (doador: hidrogénio-peréxido oxidoredutase EC 1.11.1.7) é a mais

freqitente enzima usada na produgo de kits de imunoanalises (MIRANDA ef al |, 1993},
10
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kits para diagnose médica e em medidas colorimétricas do perdxido de hidrogénio
(MIRANDA & CASCONE, 1994). O esquema abaixo exemplifica a reagdo de Oxido-
redugio catalisada pela peroxidase:

Doador + HaQ; ——®  doador oxidado + 2 H;0

Peroxidases sio heme-enzimas que possuem uma variedade de fungOes
biossintéticas e degradativas usando peréxido de hidrogénio como acepior de elétrons. Estas

enzimas s3o encontradas em bactérias, fungos, plantas ¢ vertebrados (DAWSON, 1988).

A peroxidase de nabo é a fonte mais abundante e comercialmente disponivel
(SHANNON ef al., 1966; LOBARZEWSKI & GINALSKA, 1996). A peroxidase de soja
foi recentemente introduzida como substifuta da peroxidase de nabo, devido a sua alta
estabilidade em solvente, alto potencial redox e por possuir um custo menor (MIRANDA ef
al., 1998), além da estabilidade similar & encontrada em enzimas microbianas termofilicas,
pois ¢ uma enzima altamente terrmoestével e sua temperatura de desnaturagho € de 90,5°C,
sendo atipico em outras peroxidases microbianas e de vegetais (McELDOON &
DORDICK, 1996). O interesse cientifico em peroxidase de vegetais tem aumentado.
Segundo LOBARZEWSKI & GINALSKA {1996), entre os anos 1970 e 1980 mais de 1.450
artigos sobre peroxidase de plantas foram publicados e entre 1980 ¢ 1990, os numeros
aumentaram para 3.293. Além das pesquisas focando o papel fisiologico ¢ propriedades
cinéticas das peroxidases de plantas, hi também interesse desta enzima em aplicagles

industriais e analiticas,

A peroxidase de nabo é conhecida por ser uma glicoproteina (WELINDER, 19853),
sendo que o conteiido de carboidratos pode atingir 17% da massa molecular da peroxidase.
Novas peroxidases de plantas tém sido isoladas e caracterizadas e geralmente sio tambeém
glicosiladas (McMANUS & ASHFORD, 1997). Poucas peroxidases tém a estrutura da

cadeta de seus carboidratos analisadas em detalhes.

Segundo SESSA & ANDERSON (1981) o pH 6timo da atividade da peroxidase de
soja encontra-se entre 4 e 8, dependendo do tipo de tamp&o. Estudo comparativo verificou

que ¢ melhor pH desta enzima, guando incuilziada em tampio fosfato de potdssio-acido
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citrico 0.1 M, situava-se entre 4 & 6 e em tampio fosfato de potdssio 0.1 M, o pH otimo era
entre 6,2 e 8. A peroxidase de soja tem uma massa molecular de 37.000 Da (McELDOON
et al., 1993).

1.3.1 Uso da peroxidase

Segundo EGOROV & GAZARYAN (1993) a peroxidase de soja ¢ usada em
processos para substituir fons cloreto no clareamento de papel, substituir oxidantes quimicos
para oxidar anilina no processo de produgdo de polianilina e quando mueroencapsulada, a
peroxidase de soja é liberada e entdo produz um papel-carbono, com uma mudanga de cor,
sem as manchas deixadas pelo carbono. A aplicagiio da peroxidase se da também em
analises imunoquimicas, biossensores, degradagio de compostos arorméticos e controle

ambiental.

POKORA (1995) relata o uso desta enzima na producdo de resinas fendlicas isentas

de formaldeido.

Esta enzima também ¢ usada em diagnose na determinacdo quantitativa de aglicares
(LOBARZEWSKI & GINALSKA, 1996), especialmente para pessoas que apresentam
diabetes.

MIRANDA ef al. (1998) cita o uso de peroxidase em reagentes para diagnosticos
clinicos, os quais requerem pequena quantidade de enzima altamente pura, na polimerizagdc

¢ precipitacio de fendis e aminas arométicas no tratamento de dgua.

~ A peroxidase também pode ser aplicada na produgdo de aminas poliaromaticas e
sintese de polifentis (AKKARA er al, 1999).

12
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1.3.2 Extracio e purificaciio da peroxidase

O processo de purificagdo de peroxidases com propoésiios industrials requer elevadas
quantiﬁades de material vegetal, como por exemplo, no caso do nabo, e € usado somente
por grandes industrias como Merck, Boehringer, Sigma, Aldrich e Fluka (LOBARZEWSKI
& GINALSKA, 1996), mas esse problema pode ser reduzido pelo uso de culturas liquidas
de células de planta, descrito por CAIRNS ef al (1980) e MALDONALDO & VAN
HUYSTEE (1980), os quais usaram células de amendoim. Este processo de purificacio

pode ser realizado em uma ou duas etapas.

Vériés metodos tém sido descritos para a purificagdo da peroxidase. Eles envolvem
precipitacio por sulfato de aménio, exclusio por tamanho, cromatografia de troca ibnica
(SHANNON ez al, 1966, LASCU et al., 1986, CHAVEZ & FLURKEY, 1984), por
afinidade utilizando concavalina A (BRATTAIN ef al, 1976), metais (CHAGA et al,
1992, CHAGA, 1994) ¢ anticorpos monoclopais (ELLING e af ) 1991). Mas somente
poucos métodos podem ser usados em larga escala. Cromatografia de interagiio hidrofobica
foi ytilizada para a purificagfo da peroxidase de soja (FLURKEY ef al., 1978; SESSA &
ANDERSON, 1981).

VILTER (1990) usou SDFA compostos de PEG/fosfato de potdssio ou carbonato de
potassio para purificar peroxidase de alga em pH 12 e relatou que a atividade da enzima era

revertida pela troca de tampio a pH 7.

MIRANDA erf al. (1998) desenvolveram um método pars purificar peroxidase de
nabo em SDFA em 2 etapas. Eles adicionaram microesferas contendo concavalina-A &
sistemas compostos por PEG 1540 15% e fosfato 10%, pH 7,0 e recuperaram 60% da

enzima adsorvida s mesmas.

A Tabela 2 apresenta uma comparagfio de processos de purificagio para peroxidase

de soja.
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Tabeia 2. Comparagio de processos de purificaglo de peroxidase de soja.

Processos Fator de  Recuperacio  Atividade Referéncia
Purificacao {%0) Especifica

, ('U;’mg)
1) Sulfato de amOnio 1,44 96 9,80 SESSA &
2} Bio-Gel P-60 2,54 76 17,30 ANDERSSON
3} DEAE-Sephadex 8,20 51 56 (1981}
4) Concavalina A-Sepharose 115 14 742
5} Fenil-Sepharose 199 7 1.352,90
6) DEAE-Sepharose 628 4 4.272,70
Cromatograiia de afinidade: MIRANDA ef al.
1) Concavalina A 41 28 2170 {1998}
SDFA:
1) Triton X100/Triton X-45/ 2,80 99 310

tampio acetato de sodio
SDFA convencional: SILVA &
1} PEG/suifato de sodio 1,30 73 29 FRANCO
{1999b})

SDF A por afinidade:
1} PEG-IDA-Cu* /sulfato de 1,50 106 35
sédio (acoplamenta)
2) PEG-IDA-Cu® ffosfato 145 64 3333
{desacoplamento)

1.4 Sistema de Duas Fases Aquosas

Os SDFA sio utilizados para extragio e purificacio de proteinas de elevado valor
biolégico, devido a redugio do custo operacional em relagdo a processos convencionals e

possibitidade de integragdo aos mesmos, operiac;ﬁo continua e controle facilitado. Outras
4
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caracteristicas desejaveis destes sistemas sdo a diferenga de densidade entre as fases, o fafo

dos polimeros ndo serem toxicos e serem biodegradéveis.

Os SDFA sio empregados no isolamento e purificagio de biomoléculas de
importdncia comercial, células, proteinas, virus, fragmentos de membranas e organelas
celulares. A extracio por SDFA oferece vantagens para o processamento em larga escala,
tais como possibilidade de elevado rendimento e possibilidade de processamento continuo
(FLYGARE et al, 1990; ENFORS e al, 1992; ROSTAMI-JAFARABAD er al., 1992a;
ROSTAMI-JAFARABAD ef al., 1992b; COIMBRA et al., 1994; TOMASKA et al., 1995,
PAWAR ef al, 1997, PORTO ef al, 1997 COIMBRA ef al, 1998), e reduciio do custo

operaciopal em relagio a processos convencionais (KULA, 1990}.

Varios polimeros hidrofilos (naturais ou sintéticos), sdio capazes de produzir
sistemas bifisicos a0 se misturarem com um segundo polimero ou com um sal liotropico de

baixa massa molecular, como por exemplo, um sal de cations bivalentes.

Este processo se fundamenta na formag8o de duas fases distintas de uma solugdo
contendo dois polimeros incompativeis solGiveis em agua (Dextrana, Ficoll), ou um
polimero e uma aita concentragio de um sal liotropico (fosfatos, sulfatos). Apos equilibrio,
a fase superior estard rica em PEG (menor densidade) e outra rica no segundo componente
(dextrana, fosfato). Os sistemas mais empregados na produgdo de enzimas ou Oultras
proteinas sio compostos de um poltmero de elevada massa molecular ¢ de uma solugdo
salina concentrada, ou de duas solugBes concentradas de diferentes polimeros capazes de
promover a separagdo de fases onde moléculas biologicas possam ser particionadas. As
propriedades fisico-quimicas destes componentes vio modular as caracteristicas dos SDFA
na obtengio de melhor seletividade para a separagdio das moléculas biologicas. A separagio
de fases & resultante de interacOes energeticamente desfavordveis entre as moléculas
polimero-polimero ou polimero-sal (ALBERTSSON, 1986; ANDREWS & ASENJO,
1989).

Alterando a composigio dos sistemas, a massa molecular e concentragdc dos
polimeros, escolha e concentrago do sal, carga, configuracdo molecular, hidrofobicidade e
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a presenca de ligantes especificos, pode-se manipular a partigio de uma biomolécula
{WALTER ef al, 1985).

1.5 Coeficiente de particiic

Para substincias soliveis {enzimas e proteinas) o coeficiente de partigdo, K,
representa a distribuigdo de suas moléculas entre as duas fases liquidas do SDFA. Para
proteinas, Kp, ele ¢ expresso pela relag@o entre a concentrago de moléculas da proteina P

na fase superior sobre a concentragdo da mesma na fase inferior:

[P]fase SUpETIOr
Kp=
I:P]fase inferior

¢ para enzimas, Kz, ele é expresso pela relagio entre a atividade enzimatica encontrada em

cada fase:

KE ==

Atividade enzimatiCasse inferior

Para alcancar elevada recuperagiio e concentragic de uma proteina desejada em
SDFA, é necessirio maximizar a diferenga entre os valores de K da proteina a ser purificada
e o K dos contaminantes. A influéneia de diversos fatores sobre a partigio de proteinas ¢
ilustrada pelo logaritmo do coeficiente de particio (K). Ela pode ser considerada a soma do

logaritmo dos seguintes termos:
InK = InKefer + 0K hidrof + InKafin + InKtamanhot 1nKconform

Esta equagio inclui um termo eletrostético (determinado pela carga livre e pH,

InKgjet), um termo hidrofébico (InKpigrof), um termo de especificidade-afinidade

(InK,g,). termo do tamanho molecular (InKtamanho) € de conformagio espacial

{(leKeonform)
1
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O efeito de cargas eletrostaticas sobre ¢ coeficiente de partigio de proteinas foi
extensivamente investigado por diversos autores (JOHANSSON, 1985; ALBERTSSON,
1986). Sais podem alterar as propriedades fisicas dos sistemas, tais como o comprimento
das linhas de amarracio, a diferenca de hidrofobicidade entre as fases, as quais afetam a
particio de proteinas. A hidrofobicidade da superficie de proteinas e a interagfio com os
polimeros € sais dos SDFA foi relatado pela literatura. Foi evidenciado que sistemas
formados por PE(Gffosfato, PEG/citrato e PEG/sulfato, possuem melhor resoluc@io para
detectar pequenas diferencas de hidrofobicidade protéica do gue sistemas formados por dois
polimeros, tais como PEG e dextrana (FRANCO et al, 1996a). Foi observado que proteinas
e oligopeptideos com superficies hidrofobicas maiores tendem a se particionarem em
direciio a fase superior quando os demais pardmetros s3o mantidos (EITEMAN &
GAINER, 1990; FRANCO ef al., 1996b). A partigdo de proteinas para uma das fases pode
ser realizada pelo acoplamento de um ligante especifico acoplado ao polimero formador do
sistema (JOHANSSON, 1985, ANDREWS er a/, 1990; BIRKENMEIER, 1994). Tamanho
¢ conformagio das biomoléculas atuam significativamente na partigiio em SDFA. Como o
processo de purificag@io de proteinas em SDFA depende das propriedades da superficie das
moléculas (proteinas, contaminantes e outros componentes do sistema), pode-se dizer que
este & um processo superficie-dependente (ALBERTSSON, 1971).

1.6 Tipos de sistemas

Os SDFA sfo agrupados em diferentes classes {Tabela 3) de acordo com as

propriedades e caracteristicas de seus componentes.
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Tabela 3. SDFA descritos por ALBERTSSON (1986).

Classe 1: Sistermnas polimero-polimero-igua

Polietilenoglicol com Alcool polivinilico
Dextrana
Ficoll
Polipropilenoglicol com Alcool polivinilico
Dextrana

Hidroxipropil-dextrana
Metoxi-polietilenoglicol
Polietilenoglicol
Alcool polivinilico com Metil-celulose
Hidroxipropil-dextrana
Dextrana
Dextrana com Etil hidroxietil celuiose

Hidroxipropil-dextrana

Ficoll
Classe 2: Sistemas polimero/compostos de baixa massa molecular-igua
Polipropilenoglicol com Fosfato de sodio/potassio
Polietilenoglicol Fosfato de sddio/potassio
Polipropilenoglicol com Glicose/glicerol
Dexirana com Alcool propilico

Os SDFA tém sido utilizados para recuperagdo e isolamento de proteinas e outros
materiais biologicos nos ultimos trinta anos. A Tabela 4 descreve a purificagio de algumas

biomoléculas por partigio em SDFA.
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Tabela 4, Biomoléculas purificadas em SDFA, descritas pela literatura.

Sistema Biomoelécula Recap. Fator Referéncia
(%) Purific.
PEG/fosfato  xilanase 41 57 DUARTE ef al. {1999)
PEG/Dext. B-glicosidase 85 - 95 2-3 JOHANSSON &
RECZEY (1998)
PEG/fosfato  polifenol oxidase 50 ] SOIO et al. (1998)
PEG/Na,SQs  B-galactosidase 90 - CHANG & KOO (1998
PEG/fosfato  glicoamilase 96 3 MINAMI & KILIKIAN
(1998) o

Polrvinilpirro- peroxadase de nabo 75 7.3 MIRANDA &
lidona/Reppal CASCONE (1967)
PEG/Avsfato/  Taumatina 90-95 20 CASCONE ef al (1991)
Na(Cl
PEG/osfato  B-galactosidase 85 - 100 - KOHLER & VEIDE
de potassic {1994}

Fumarato hidratase 83 75

{Brevibacterium

ammoniagenes)

Fumarato hidratase £. coli 93 3.4

Aspartato-amoOnia-liase E. 96 6,6

coli
PEG/sal Isoleucil-tRNA-sintetase g3 2,3  BOLAND eral (1989)

E.coli _

Peniciling amidase E.coli 90 82

B-galactosidase £.coli 87 9.3

Glucose-6-fosfato- 94 1,3

desidrogenase

Leuconostoc sp

Desidrogenase  alcodlica 96 2,5

Saccharomyces cerevisiae

L-2-hidroxiisocoproato 93 17

desidrogenase

Lactobacillus casei

Formaldeido 94 -
PEGDext, ~ Sosidrogenase  Candida

boidinii

Leucina desidrogenase 98 2,4

Bacillus sphaericus

A maioria das protefnas intracelulares de leveduras sio mais eficientemente

recuperadas se PEG de baixa massa molecular for usado na extragio priméria
{HUDDLESTON er al, 1991). Muitos autores usam PEG com massa molecular entre 4,000
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e 6.000, sendo que polimeros marores do que ¢stes nfio so vantajosos, devido a viscosidade
das solagdes ser maior (INGHAM, 1984).

1.7 Diagrama de fase {curva binodal)

Os diagramas de fase dos SDFA representam a concentragio dos seus componentes
nas fases. Podem ser construidos de diferentes maneiras sendo mais utilizada a titulagdo de
uma solugio polimérica, X (primeiro coraponente), por uma solugdo polimérica ou salina Y
(segundo componente). A concentragio de X estd representada na abeissa (x) € a
concentracio de Y na ordenada (v), sendo ambas expressas em porcentagem massa/massa.
A obtencio de duas fases se caracterizaré pelo turvamento da solugio. Ao se adicionar uma
concentracio Z de Agua a esta mistura, a soluglo se tornara limpida novamente e
monofisica. Portanto, a representacio das concentragGes do polimero X e Y nas duas
situages (bi ou monofisica) inicia a construgfo de uma curva denominada curva binodal.
A composicio das concentragBes relativas a cada ponto dos sistemas sera representada por
esta curva, sendo expressa em porcentagem de massa/massa. A Figura 1 representa um
diagrama de fase de um sistema composto de PEG 6000, Dextrana 500 ¢ dgua. As misturas
formadas por concentracdes dos componentes X e Y com pontos localizados na drea acima
da curva binodal (direita) produzem sistemas bifisicos e as localizadas abaxo da curva

(esquerda) produzem sistemas monofasicos.
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Figura 1. Curva binodal ( —— ) de um sistema de duas fases aquosas composto de PEG

6000-Dextrana. Linhas de amarracio A, Be C{---}).

Ao longo de cada linha de amarragio todos os sistemas bifasicos ali representados
possuem fase superior com idéntica composi¢io, o mesmo ocorrendo com a composigiio da
fase inferior. No entanto, os sistemas possuem composigio total e razfio de volumes

diferentes.

1.8 Particiio por afinidade em SDFA

Nos tGltimos 30 anos, varios grupos estudaram métodos para aumentar a partigio
pelo uso de interacOes bicespecificas em SDFA (FLANAGAN & BARONDES, 1975,
JOHANSSON et al, 1983; JOHANSSON eral | 1984; LUONG & NGUYEN, 1990).

Os primeiros trabalhos com afinidade em SDFA relataram a purificaglio de tripsina
usando o ligante p-aminobenzamidina (TAKERKAR et al., 1974) ¢ a proteina mieloma S-
23 usando dinitrofenc! como ligante (FLANAGAN & BARONDES, 1975).
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O aumento da particio pela introduciio de um ligante acoplado ao polimero ¢
descrito pelo parimetro Kag, sendo a razdo entre o coeficiente de particdo de uma proteina
em sistemas com (K} ¢ sem PEG-ligante (Ko) (JOHANSSON, 1983).

K
Kaﬁn T mme—
Ko
Particio por afinidade resulta em extragfo especifica de proteinas, acidos nucléicos,

membranas, organelas e até células, principalmente quando ligantes bioespecificos sdo

usados (WALTER ef al, 1985).

A partigiio por afinidade € um processo pelo qual o ligante bioespecifico ¢ usado
para manipular o comportamento de particio da biomolécula (FLANAGAN &
BARONDES, 1975), ou seja, acoplando-se um ligante & uma das fases do sistema, a
particio da biomolécula ocorrera na fase contendo o ligante {CARLSSON, 1988) enquanto

que os contaminantes (moléculas no desejaveis) estardo presentes na fase oposta.

O ligante pode ser uma substincia natural ou uma molécula sintetizada. Existem
ligantes que interagem seletivamente com proteinas devido aos sitios de ligagao especifica.
Por exemplo, enzimas nucleotideo-dependente possuem um elemento estrutural comum
conhecido como nucleotideo-ligante (KOPPERSCHLAGER, 1994). Outro grupo de
ligantes especificos sio os hidrofobicos e os tiofilicos (PORATH er al., 1975), os metais
{WUENSCHELL et al., 1990, ARNOLD, 1991, BIRKENMEIER ef o/, 1991, ZUTAUTAS
et al., 1992; CHUNG ef al., 1994), os compostos quaternarios de amdnio (JOHANSSON et
al., 1981), os corantes (KOPPERSCHLAGER & JOHANSSON, 1982; KRONER et al.,
1982; JOHANSSON ef al, 1983; JOHANSSON & ANDERSSON, 1984a; JOHANSSON
& ANDERSSON 1084bh; JOHANSSON e af, 1984, SCHIEMANN &
KOPPERSCHLAGER, 1984; BIRKENMEIER ef ai., 1984; JOHANSSON & JOELSSON,
19852, JOHANSSON & JOELSSON, 1985b, CORDES ef af, 1987, GIULIANO, 1991,
WANG ef al, 1992, ZUTAUTAS et al, 1992; BIRKENMEIER, 1994,
KOPPERCHLAGER, 1994, LIN e al, 1996), os acidos graxos (JOHANSSON &
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SHAMBHAG, 1984, JOHANSSON er al, 1985), os inibidores (SILVA ef al, 1997) e
anticorpos monoclonais (ELLING er af,, 1990; ELLING & KULA, 1991; ELLING ef al,
1991; ANDREWS ef al, 1996).

Os ligantes biologicos naturais sdo geralmente caros devido ao elevado custo de sua
purificacdo e labilidade quimica e biolégica (KOPPERSCHLAGER, 1994).

A Figura 2 mostra o comportamento das moléculas num sistema composto por
PEG-ligante/sal. A Tabela 5 apresenta uma série de biomoléculas purificadas em SDFA por

afinidade nos nltimos 10 anos.
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4 Biomolécula
® Sal

% Contaminante

Figura 2. Comportamento das moléculas em SDFA composto de PEG-ligante/sal.
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Tabela 5. Biomoléculas purificadas em SDFA por afinidade.

Sistema Biomolécula  Ligante acoplado R (%) P Referéncia
A a0 PEG
PEG/dext. Tripsina Inibidor de tripsina 82 - LUONG &
NGUYEN (1990)
PEG/fosf. Penicilina Trimetilamina 7 25,70 GUANeral
acilase (1992)
PEG/fosf. Lactato Fudrogit-Cibacron 54 11,70 GUOQIANG  &f
potassio desidrogenase  Blue al. (1994)
PEG/fosf.  Proteina A IeGG humana 87 - SUZUKI et al
{1995)
PEG/dext. B-galactosidase APGP 83 6 SHVA & dal
(1997)
PEG/fosfate  Lactato Corante 81 7,40  LINetal (1998}
desidrogenase  triazina/Cibacron
Blue F3G-A
Ligante acoplade a Dextrana
Dext /hidro  Quimosina pepistatina 83 6,20 CHEN & JEN
xipropildext. {1993)
PEG/dext. Lipossomos  avidina 95 - EKBLAD er al

(1998)

A purificagio de proteinas foi consideravelmente desenvolvida com o advento dos

processos de separagdo por afinidade, como pode ser evidenciado pelo elevado nlmero de

publicagdes encontradas atualmente nessa rea de estudos.

As técnicas de separagio de proteinas por afinidade sdo usualmente reservadas para

as etapas finais do processo de purificagio. O exemplo mais destacado dessa estratégia € 0

uso da cromatografia por afinidade, empregado em diversas etapas de purifica¢do de bio-

produtos, Sob condigles Otimas de laboratorio os resultados de purificacdio por

cromatografia de afinidade podem ser espetaculares. O sucesso da cromatografia por
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afinidade em purificacdes de pequena escala tem sido em muitos casos dificit de ser
repetido ao ser escalonado (ASENJO- & PATRICK, 1995). Esse fato ¢ parcialmente devido
as dificuldades técnicas e econdmicas envolvidas com a derivatizago de particulas solidas
macroporosas com ligantes de afinidade e também dos problemas oriundos da obtengdio de
vazies elevadas em leitos fixos. Por essas razdes existe um interesse continuo no

desenvolvimento de novos processos alternativos de concentragio e por afinidade.

Aplicac@es das interagbes por afinidade nas fases iniciais do processo de extragio
foram descritas por SADA (1990). Embora, em alguns casos, possam §€r obtidos graus de
purificagio menos elevados do que nas etapas finais, a extraco inicial da molécula
desejada pode ser conveniente e recompensadora se for levado em conta que o extrato bruto
é usualmente hostil 3 biomoléculas e contém material particulado que reduz a aplicabilidade
de técnicas em leito fixo. O conceito do uso de interagdes por afinidade para isolamento
inicial & atrativo por ser uma técnica de alta resolugdo, que ao ser aplicada inicialmente no
processo de purificagdio possibilita a redugio do volume de material a ser manipulado
posteriormente, reduzindo assim o consumo de produtos quimicos utilizados no processo,

além da diminuicdo da perda da atividade biclégica da biomolécula.

1.9 Escolha de um ligante

Segundo LUONG & NGUYEN (1992), a escolha de ligantes deve obedecer os

seguintes critérios:

- A constante de dissociagfio enzima-ligante deve ser menor que 10° M.

- O ligante deve ser bifuncional, oferecer um sitio de ligagfio para afinidade especifica da
biomolécula e um sitio para imobilizagdo.

- O ligante deve ser estavel durante imobilizagio e sob condigbes de operacao.

- O ligante ndio deve conter grupos hidrofobicos ou carregados, que poderiam causar
adsorcio ndo especifica da proteina.

- O ligante deve ser especifico para a molécula desejada.
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- O ligante ndo deve ser toxico, deve ser barato e disponivel em grandes quantidades. Isto
pode ser uma desvantagem para ligantes, tais como anticorpos, proteinas e cofatores, pois

sdo caros e desnaturam facilmente e rapidamente.

A escolha de um ligante deve estar também relacionada com o custo e qualidade do
produto purificado, a natureza de extratos brutos, o método usado para purifica¢do e o

pretendido uso do produto purificado.

1.10 Reciclagem do polimero de afinidade

Existem varias técnicas para recuperagio do polimero, algumas delas sdo descritas
por CARLSSON (1988): o PEG pode ser reciclado por extragdo com cloroféormio e
reutilizado em novos sistemas de fases. Este método pode ser usado em parti¢do por

afinidade, onde o polimero-derivado possui alto custo.

Outra alternativa citada por este mesmo autor ¢ a transferéncia da fase polimérica
para um novo sistema. Muitas proteinas podem ser extraidas na fase contendo o PEG em
sistemas PEG/dextrana quando altas concentragdes de sal sdo adicionadas (ALBERTSSON,
1986), entdo a fase do PEG podera ser extraida em uma nova fase contendo fosfato, desde
que um novo sistema de duas fases seja formado. A Figura 3 apresenta o esquema de

transferéncia de PEG para uma nova fase.

I Separaq,ao de I | Fosfato
o0 o .. —p
Dext. e fases PEG |, , adicionado

proteinas

PEG
PEG para ser

Fosfato e proteinas 7]
reutilizado

Fosfato

Figura 3. Processo para recuperar o PEG isento de proteinas.
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Ultrafiltracdo também pode ser usada para recuperar 0 PEG e reter as proteinas,
como demonstrado por KULA ef ol (1982), porém este método ndo € muito usado em
SDFA devide aos custos de diluicBo e reconcentracio (HUSTEDT et al, 1985).

Eletroforese e cromatografia também foi relatado para recuperacdo de polimeros
{CARLSSON, 1988).

A recuperagiio dos polimeros e proteinas apds a extragio € uma etapa importante,
tanto para processos laboratoriais como em escala industrial. Viérios métodos podem ser
usados para remover o polimero da proteina ou vice-versa. A capacidade de se reciclar os
polimeros faria com que os SDFA fossem mais utilizados em processos de larga escala,
sendo economicamente vidvel (CARLSSON, 1988).

1.11 Sintese dos polimeros de afinidade

Muitos métodos usados para imobilizar enzimas 4 matrizes cromatogrificas sio
baseados no acoplamento de grupos amino (NILSSON & MOSBACH, 1984). Pouco se
conhece a respeito de ativadores acoplados 2 fases liquidas. O método de ativaciio do PEG
com cloreto de sulfoniia pode ser wtilizado para ativagdo de polimeros hidrossoliveis, os
quais s3o muito usados em separages bioquimicas. Cloreto de tresila pode ser usado para
ativagiio de PEG e para subsegiiente acoplamento do PEG a proteinas, ligantes de afinidade
e células (NILSSON & MOSBACH, 1984).

Para o acoplamento covalente de um ligante bioespecifico ao polimero PEG, ¢
necessério que os grupos hidroxilas do polimero sejam substitnidos por grupos mais
reatives numa primeira etapa denominada de “ativagio” do PEG. Numa segunda etapa, o
PEG ativado por residuos quimicos mais reativos, ¢ acoplado por ligagho covalente as
moléculas do ligante e este serd reconhecido posteriormente (pela proteina a ser extraida) no
processo de purificagio. A Tabela 6 apresenta os principais ativadores de PEG descritos

pela literatura.
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Tabela 6. Métodos de ativaciio do PEG.

Tempo de  Ligantes/Proteinas

Ativadores reagio extraidas Referéncias
: {horas)

Epoxioxirano, 17 Glutationa/taumatina ANDREWS e/ ol (1990)

Periodato e anti-BSA/BSA

Epicloroidrina inibidor de tripsina/
tripsina
proteina A/lgG

Cloreto de Tresila 1,50 BSA DELGADO ez al. (1990)

' NILSSON & MOSBACH
(1984)

Cloreto de Tresila 1,50 APGP/ SILVA et al (1997)
B-galactosidase

Carbomudazol 2 Lactoferrina BEAUCHAMP ef al. (1983)
Superdxido dismutase
ozmacroglobulina

Cloreto ciangrico i2-40  BSA ABUCHOWSKI ef ol

(1977)

Cloreto de Tionila 5 Cobre/hemoglobina  CHUNG e7 al. (1994)
bumana
Ferro/fosvitina
Ferro/hemoglobina
bovina

; . e it

1.12 APGP (p-aminofenil-B-D-tiogalactopiranosideo)

A enzima B-galactosidase possui um inibidor sintético especifico que ¢ o APGP,
molécula que pode ser ligada covalentemente a compostos como tensoativos, polimeros ¢
particulas solidas. O APGP pode ser usado como ligante para recuperagio desta enzima
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tanto em cromatografia (STEERS ef al, 1971, POLLARD & STEERS, 1973, ROBINSON
et al., 1974) como também em SDFA (SILVA et al., 1997), possuindo 0 mesme mecanisma
8 utiiiza;lo na cromatografia por afinidade. Métodos cromatograficos exigem “espagadores”
de ligacdo entre as moléculas da matriz cromatografica e os ligantes de afinidade para
garantir espago ¢ melhor exposigdo do ligante para se unir a biomolécula a ser purificada,
Entretanto, a partiic em SDFA nfio necessariamente requer espagadores entre 0 PEG e 2

molécula do ligante devido a flexibilidade do polimero.

Um sistema de duas fases aguosas de afinidade composto por dois polimeros € mais
comumente usado do que um sistema constituido por um polimero e um sal, pois a elevada
concentracio do sal poders dissociar a interagio entre a enzima ¢ © ligante (JOHANSSON
& TIERNELD, 1989}

Devido a baixa reatividade dos grupos hidroxilas do PEG, € necessirio que eles
sejam quimicamente ativados. A ativagdo do PEG-4000 com cloreto de tresila se da por
uma teagio livre de dgua para evitar a hidrélise do cloreto de sulfonila. Pindina ¢
adicionada para neutralizar os protons Hberados. Altos rendimentos sdo obtidos quando os
solventes usados sio desidratados (NILSSON & MOSBACH, 1987). Cloreio de tresila pode
ser usado com a vantagem de se acoplar a ligantes ou proteinas sensiveis a pH extremos,

com alto rendimento, quando em pH neutro (NILSSON & MOSBACH, 1981).

DELGADO et al. (1990) ativaram PEG 4000 com cloreto de tresila, obtendo 80%
de ativagio, o mesmo conseguido por NILSSON & MOSBACH (1984). Esses autores
observaram o alto nivel de ativacio obtido em 1,5 hora de reagio mostrando a alta
reatividade do cloreto de tresila. Este curto tempo de reaglio ¢ vantajoso comparado com o
tempo de reagio longo requerido para obtengdo de niveis similares de ativaglio com cloreto
cianarico, variando de 12 horas (ABUSCHOWSKI ez al., 1977) a 40 horas (SUZUKI ¢r al.,
1984) e 24 horas com fenilcloroformatos (VERONESE ef al., 1983).

NILSSON & MOSBACH (1980, 1981 e 1987) introduziram o cloreto de sulfonila
orginico como reagente ativador para ativar agarose & outras matrizes hidroxilicas. Cloretos
de sulfonila orgdmicos, tais como p-toluenosulfonila (cloreto de tosia) e 2,22-

trifluoroctanosulfonila  (cloreto de tresila) cogyertem grupos hidroxilas de matrizes em
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sulfonados ativos. Estes sulfonados sfo grupos abandonadores que, apos a reaglo com

nucledfilos, formam ligacles estaveis entre o nucledfilo e o carbono hidroxila terminai.

SILVA er gl (1996) e PIZA et ol {1996) compararam o poder de ativacio do PEG-
cloreto de tresila e PEG-cloreto de tionila e observaram 74% ¢ 87% de ativagfo,

respectivamente.

A Figura 4 apresenta a sintese do polimero de afinidade PEG-CI-APGP.

OH-(CHECHz) H-OH + CISC}2 CHZCF3

Polietilenoglicol - PEG Cloreto ¢ Tresila

¥ N

Fgotinsfi)z-(Xtﬁzﬁﬂg)n»{)SOzQ{z@g +Z2C1 ou OH»{CI—IEC}E)EL»OSD‘?CHZ(Ez +HC

PEG ditres ladn PHRG mosotresilado
2753({1{{29021{ E 3CCH.,502H
APGP ~
. APGP
Uigante) Qigante)
APGP '(CH?.CHZ):{M CH{CHJCHE)B-A‘E’GP
OH
NH?__©\ 5. /0 g
iH
{
OH
* APGP

Figura 4. Ativagio do PEG com cloreto de tresila e acoplamento subseqiiente do ligante

APGP.
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1.13 Metalo-ligantes

Afinidade usando metais como ligantes ¢ fundamentada no sitio de ligagdo entre
metais de transicio quelados pelo acido iminodiacético (IDA) ¢ grupos doadores de elétrons
presentes na superficie da proteina (PESLIAKAS ef al., 1994),

A cromatografia de afinidade usando metais como ligantes foi introduzida por
PORATH et al. (1975) e tem sido empregada para purificagdo de proteinas, Afravés da
adaptagio da metodologia foi possivel desenvolver métodos de ativagio para polimeros
hidrossoliveis usando um quelante, 4cido iminodiacético, que é capaz de quelar metats de

transicio como Cu?”, Ni**, Zn®* e Co™” (LABOUREAU et al., 1996).

Diversos autores usaram PEG-iminodiacetato (PEG-IDA) contendo ions Cu?* em
sistemas de duas fases aquosas constituidos de PEG/sal e PEG/dextrana {SUH & ARNOLD,
1960, PLUNKETT & ARNOLD, 1990; BIRKENMEIER ef al., 1991). A Figura 5 apresenta
o sitio de ligacio de proteinas contendo histidina que se acoplam ao complexo PEG-IDA-

.

Figura 5. Sitio de ligagdo entre a proteina contendo histidina e 0 PEG-IDA-Cu®",
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QO acido iminodiacético é um quelante tndentado, ocupando 3 sitios de coordenacic
do metal. Quando o complexo IDA-Cu® se acopla covalememente ao PEG, moléculas com
sitios acessiveis para se ligar ao PEG-IDA-Cu®™ serfio exiraidas na fase polimérica

(CHUNG er al,, 1994).

De acordo com os autores PORATH e al. (19753, PORATH & OLIN (1983),
PORATH (1983), PORATH (1988} ¢ SUH & ARNOLD (1990), somente os residuyos de
aminoacidos presentes na superficie da proteina, como histidina, cisteina e triptofano sfic os
responsaveis pelos sitios priméarios da interagfo proteina-metal imobilizado. Estudos mais
recentes mostraram que destes aminoacidos os residuos histidil disponiveis na superficie da
biomolécula pafecem ser o fator que ird formar o complexo metal-biomolécula (PORATH,
1988; SULKOWSKI, 1985; HEMDAN ef o/, 1989; BELEW & PORATH, 1990, ZHAQO ¢r
al., 1991).

De acordo com WUENSCHELL et al. (1990), o uso de PEG-IDA-Cu™ em sistemas
PEG/dextrana aumenta seletivamente a particiio de proteinas para a fase de PEG,
dependendo apenas do nimero de residuos de histidinas acessiveis presentes na superficie
da proteina. De acorde com WOKER (1992) os principais aminoacidos que se ligam a

metais sio histidina, metionina, cisteina, selenocisteina, tirosina, aspartato e glutamato.

Foram esmdados em sistemas PEG/sal e PEG/dextrana a particio de proteinas
recombinantes comtendo sitios His-X3-His acoplados 4 sua superficie (ARNOLD, 1991;
SUH ef al, 1991; TODD et al, 1991, ARNOLD & HAYMORE, 1991), eritracitos
(BOTROS er o, 1991) e isoenzima de lactato desidrogenase (OTTO & BIRKENMEIER,
1993).

As principais vantagens do uso de metais como ligantes sio: 1) podem ser reciclados
diversas vezes com insignificante perda do comportamento, 2) elevada quantidade de metal
imobilizade e consegilente elevada capacidade para a proteina ser “atraida” 3) relativa
facilidade da eluigBo da proteina e regeneragdo do ligante, 4) baixo custo dos metais
{ARNOLD, 1991}, 5) sfio estaveis na presenga de certos solventes € temperatura e 6) sua

interagdo com biomoléculas € especifica e reversivel (CHUNG ef al., 1994).
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A Tabela 7 descreve a purificagio de proteinas em SDFA de afinidade usando

metais, de acordo com a literatura.

Tabela 7. Uso de metais como ligantes em SDFA, descritos pela literatura.

Proteina Metal Referéncia
Candida krusei citocromo ¢ Cobre WUENSCHELL ef al. (1990)
Hemoglobina bovina Cobre WUENSCHELL er al. (1990)
Ferro CHUNG et gl {1994)
Ertrdcitos Cobre BOTROS ef af {1991)
Zinco
aymacroglobulina Cobre BIRKENMEIER ef al. (1951}
Zinco
Hemoglobina humana Cobre CHUNG et gl. (1994)
Fosvitina Ferro CHUNG er al. (1994)
Oxinitrilase Cobre WOKER er ¢l (1994)
Desidrogenase alcodlica Cobre PESLIAKAS er al {1994)
Lactato desidrogenase Niguel
Malato desidrogenase Zinco
Cadmio
Linfoeitos Cobre LABOUREAU er al. (1996)
Niquel
Zinco
Lactato desidrogenase Cobre FRANCO et al. (1997)
Lisozima Cobre SILVA & FRANCO (1999¢)
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SUMMARY

Economic analysis shows that protein separation and purification are a wvery
impértant aspect of the biomolecules production and processing. This is particularly true for
protein processing which, because of the complexity of the starting material, often requires
many steps to reach the levels of purity required for medical and food applications The
separation specialists' task is to develop safe and simple processes to achieve products with a
high level of purity. On a large scale, chromatography of proteins is not an easily applied
method, although on a laboratory scale it is very effective and relatively simple. When 1t is
scaled up, shortcomings such as discontinuity in the process, slow protein diffusion and
large pressure drops in the system are seen. For these reasons 3 substantial research effort
has been directed toward the use of aqueous two-phase systems {ATPS) to replace the initial
steps in protein purtfication and chromatography. ATPS can easily be scaled up without an
appreciable change in the nature or efficiency of the process. In addition, since there is no
solid phase, thorough mixing of the two phases is possible and hence interphase transport is
rapid. Only seconds are required o bring most two-phase systems into equilibrium. Another
benefit is that the phases are compatible with almost all known proteins. They are an
attractive alternative procedure for the separation and purification of proteins on a large
scale. The question of selectivity in protein partitioning still needs to be better understood.
An increased knowledge of protein behaviour in aqueous-two phase systems will also lead to
the ability to predict the partitioning of target proteins, often found in a heterogeneous and

complex mixture of proteins.

Partitioning in aquecus two-phase systems is mainly a process in which the exposed
groups of molecules come into contact with the phase components, and it is therefore a
surface-dependent phenomenon, The influence of different factors upon the partitioning of
proteins is iflustrated by the logarithm of the partition coefficient. This can be considered to

be the sum of the logarithms of several terms:
InK= InKelec TinKhphob +inKbiosp HnKsize HoKeonf
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This equation includes a hydrophobic term (Khphob), & term that includes
electrostatic effects (Kelec) mainly determined by the protein net charge and hence pH, ion
distribution and also the charge of the polymers involved. Protein and polymer size {Ksize),

conformation (Keonf) and affinity ligands {Kbiosp) can also be important.

INTRGDUCTION
1. AQUEOUS TWO-PHASE SYSTEMS

The tendency for two different aqueous polymers (e.g., gelatine and agar, gelatin and
soluble starch) to separate into two distinct phases in a common solvent has been recognized
since the end of last century, and it has been shown to be the general rule for most water-
soluble polymer-polymer systems. For example, a mixture of dextran and polyethylene
glycol dissolved in water is turbid above certain polymer concentrations, and the two phases
are in equilibrium. The lighter phase is enriched in polyethylene glycol while the heavier is
enriched in dextran (Figure 1). Both polymers are fully water soluble, yet the two polymers
are incompatible and separate into two phases (ALBERTSSON, 1986). ALBERTSSON
(1971} compared the two-phase aqueous polymer with conventional solvents, according to
their hydrophobic/hydrophilic nature. At the bottom of the scale (lowest hydrophobicity) is
the aqueous salt solution. Acetone comes above most aqueous two-phase systems, with
hydrophobicity increasing up to heptane. It is possible to have an extremely selective
separation of substances using aqueous polymer systems. Aqueous two-phase systems
provide a gentle and protective environment for biological material, since both phases are
composed primarily of water (ABOTT er af, 1990; BASKIR ef al,, 1987, BASKIR 7 al,
1989).
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Figure 1. Binodial curve and tie line of an aqueous two-phase system composed of

polymer-polymer.

Polyethylene glycol is one of the most useful polymers in ATPS. Its solubilization in
water is attributed to the attachment of water molecules to many or all of the ether oxvgen
sites along the polyethylene oxide chain. This attachment occurs by a hydrogen-bonding
mechanism, It was found that the addition of monovalent cations to polyethylene-oxide
products decreases their solubility; this decrease in the cloud point happens when the
competition of salt ions for water effectively reduces the amount of free water available to
solubilize the polyethylene. Some inorganic salts are more able to promote this effect (e g.,

CaClz, MgClp, AICI3) when the ions form association complexes with the ether groups.

According to CLELAND et al. (1992), polyethylene glycol can significantly enhance
the refolding of recombinant proteins when accumulated in the form of inclusion bodies that

need to be solubilized and refolded to recover activity.

Amongst the variety of aqueous two-phase systems, PEG-dextran is the best-studied
system for Hquid-liquid partitioning of proteins, in contrast to PEG-salt systems. The effects
of polymer molecular mass, concentration, phase density and the presence of salts in
aqueous two-phase systems have been studied by many authors: ALBERTSSON (1971),
ALBERTSSON (1986), JOHANSSON (1985a; 1985b), BROOKS er al (1983),
BAMBERGER ef al (1984), ZASLAVEKY er al (1978; 1982, 1982b;, 1983, 1992a;
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1992b), CARLSSON (1988), HUDDLESTON er al (1991a), HUDDLESTON et ol

(1991b), ASENJO et al. (1991) and FRANCO et al. (1996a),

Separation of other molecules, including proteins in aqueous two-phase systems, is

generally considered to depend on the molecular surface characteristics of the compounds to
be partitioned, such as charge, size and hydrophobic properties (ALBERTSSON, 1971;
LaMARCA eral., 1990}. Table 1 presents a list of some biomolecules purified in the last ten

years.

Table 1. Biomolecules purified in ATPS.

Biomolecule Recovery | Purific. References
{%0) Factor
Xylanase 41 57 DUARTE et al (1999}
B-glucosidase 85-95 2-3 JOHANSSON & RECZEY (1998)
Polyphenol oxidase 50 5 SOJO ez al (1998)
Lipase 68 4] BOMPENSIERI ez al. (1998)
B-galactosidase 90 - CHANG & KOO {1998)
Glucoamylase 96 3 MINAMI & KILIKIAN (1998)
Horseradish peroxidase 75 7.3 MIRANDA & CASCONE {1997)
Thaumatin 90 - 95 20 CASCONE eral, (1991)
B-galactosidase 85 - 100 - KOHLER er al. (1991)
Fumarate hydratase 83 7.5 BOLAND ef al. (1989)
(Brevibacterium ammoniagenes)
Fumarate hydratase (E. coli) a3 3.4
Aspartate-ammonia-lyase 96 6.6
(E. coli)
Isolencyl-tRNA-synthetase 93 23
(E.coli)
Penicillin amidase (E.coli) 90 8.2
B-galactosidase (E.coli) R7 93
(lucose-G-phosphate- 94 13
dehydrogenase (Leuconostoc sp)
Alcohol dehydrogenase 96 2.5
(Saccharomyces cerevisiae)
L~2-hydroxyisocaproate- 93 17
dehydrogenase
{Lactobaciilus caseil
Formaldehyde dehydrogenase 94 -
Candida boidinii)
Leucine dehydrogenase 98 2.4
(Bacillus sphaericus)
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Extraction by an ATPS offers advantages for processing on a large scale, such as the
possibility of obtaining a high yield, the possibility of continuous processing (FLYGARE ef
al., 1990, ENFORS e al, 1992; ROSTAMI-JAFARABAD er al, 1992a; ROSTAMI-
JAFARABAD et al., 1992b; COIMBRA et al., 1994; TOMASKA ef al., 1995 PAWAR ef
al., 1997, PORTO et al, 1997, COIMBRA e7 al., 1998) and a reduction in operational cost
in relation to the costs of conventional processes (KULA, 1990).

1.1 PEG-DEXTRAN SYSTEMS
1.1.1 Effect of Polymer Molecular Mass (MM)

An increase 1n the molecular mass of dextran or of PEG will lower the concentration
reguired for phase separation, The polvmer molecular mass influences protein partitioning
as a direct result of interactions between the two polymers. It has been found that the
partitioned protein behaves as if it were more attracted by smaller polymer sizes and more
repelled by larger polymers, provided all other factors such as polymer concentrations, salt
composition, temperature and pH are kept constant. It was observed that smaller protein
molecules and amino acids were not affected as much as larger ones. For some profeins
{ALBERTSSON ef af, 1987) the partition coefficients increased as the MM of dextran
increased if all other conditions were kept constant, but little effect was found for low MM
proteins (Cytochrome C, 16,000). When the same proteins were partitioned in systems with
different PEG MM, their partition coefficients decreased as the PEG MM increased, and for
cytochrome C the effect was the smallest. This was attributed to the fact that when the PEG
MM is increased, a weaker repulsion energy is required to cause phase separation. Repulsive
interactions between the polymer and the protein become stronger as the polymer MM is
increased, resuiting in a distobution of the protein towards the phase containing the polymer
with an unchanged MM. A weak net repulsion between the proteins and the polymer is
sufficient to change the distribution when the polymer MM is changed.
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1.1.2 Effect of Polymer Concentration

An increase in polymer concentration seems fo increase the density of the bottom
dextran-rich phase. This difference in density is linearly correlated to tie-line length
(BAMBERGER et al, 1984).

DIAMOND & HSU (1989a; 1989b) found that proteins with MM less than 20,000
showed a linear relationship between the In K in PEG-dextran systems and a difference in
PEG concentration between the phases, for any particular system. They found that it was
possible to predict the partitioning of a protein at any concentration in that particular system

if one partition coefficient in the system were known.

NIVEN et gl (1990), however, found that for some proteins the partition coefficient
was inversely correlated to phase concentration in a PEG-dextran system, showing that
better separation could be achieved at high polymer concentrations. This, however, may also
affect the concentration of proteins that can be manipulated in the system as polymer

concentration has a directly inverse effect on protein solubility.

GUAN et al. (1992) showed that the effect of increasing the tie-line length of a PEG-
phosphate system, upon the partitioning of penicillin acylase, is considerably higher at low
phosphate concentrations {a higher water content), becoming smaller at high concentrations
of phosphate salts. Gradual increases in the tie-line lengths lead to enhanced partition
coefficients.

1.1.3 Effect of Salts

Salts can affect protein partitioning in different ways in PEG-dextran systems: one is
by altering the physical properties of the systems (tie-line lengths) (KULA, 1979: KULA,
1985; CHEN, 1962), the hydrophobic difference between the phases (ZASLAVSKY ef o,
1982b) and the other is by the partitioning of ions between the phases, which affects the

partitioning of proteins according to their molecular charge (ALBERTSSON, 1971;
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WALTER ez al, 1972).

Salts have been added to PEG-dextran systems to increase the selectivity of protein
partiﬁoning in the aqueous two-phase methodology application for biological separations
(JOHANSSON, 1970; JOHANSSON ef al, 1973; JOHANSSON, 1974; JOHANSSON,
1985a;, ALBERTSSON, 1971; HUSTEDT et al, 1978; HUSTEDT ef al, 1985, SCHMIDT
ef ai., 1994; FRANCO ef al, 1996a).

1.1.3.1 Difference in Salt Partitioning and Electrical Potential Between the Two Phases

it was observed that salt ions partition differently between the phases, causing an
uneven distribution in the system (ALBERTSSON, 1971; JOHANSSON, 1970;
JOHANSSON, 1974, JOHANSSON, 19853, JOHANSSON, 1985b; SASAKAWA &
WALTER, 1972; REITHERMAN ef af, 1973) that generates a difference in electrical
potential between the phases. This difference in electrical potential wounld be independent of

salt concentration, but linearly dependent on the partition behaviour of the ions.

It was also observed by JOHANSSON (1974) that polyvalent anions such as
phosphate, sulphate and citrate partitioned preferentially into dextran-rich phases, while
halides partitioned nearly equally. ALBERTSSON (1971) showed that for various inorganic
salts the partitioning of all negatively charged materials followed the same order as the
Hofmeister series. WALTER er al. (1972) demonstrated that this effect was reversed when
positively charged materials were partitioned. As an example, negatively charged materials
have higher partiion coefficients in phases containing sodium sulphate rather than sodium
chloride, while the reverse holds for positively charged materials, Partition coefficients of
negatively charged materials decrease when the cationic series is changed from lithium to
sodium to potassism (JOHANSSON, 1974). The ratio between the phosphate ions, rather
than the concentration, was decisive for the difference in electrical potential. This applies to
multivalent ions, which show a series of pH-dependent dissociations and was clearly the

reason for the potential difference found between the two phases (KULA er al, 1982).
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1.1.3.2 Effect of Salts on the Hydrophobicity of the ATPS

KULA et al (1982) observed that in the presence of PEG and dextran phosphate ions
and éu.ip’nate ions accelerated a gel formation, which was pH dependent. ¥ was attributed to
a complex formation of spaced hydroxyl groups in the polyglucan backbone of dextran. This
association of dextran chains increased the exclusion volume, which in turn might increase
the partition coefficient of any protein of a given size. LEE and SANDLER {1990) observed
that the partition coefficient of the antibiotic vancomycin (MM 1,448, pI 8.1) in PEG-
dexiran systems at pH 7.0 increased exponentially with either NaCl or sodium sulphate
concentrations, rather than decrease with sodium sulphate, as would be expected if
electrostatic effects were dominant. This effect was attributed to possible hydrophobic

interactions between vancomycin and PEG and electrostatic interactions.

ZASLAVSKY ef al. (1982a) found that the partition coefficient of ions was
dependent on their own concentration, in the range of 0 to 285 mM in PEG-dextran systems,
and also on the type of ion present. This followed the order NaHPO4 ¢ sodium phosphate

pH 6.8 { NapHPO4. An electrical potential of 3.0 mV, created by 0.01 M of HPO4 -

HzPO::,x, was almost neutralized by a NaCl concentration of 0,15 M. Their conclusion was
that in a PEG-dextran system containing 0.01 M sodium phosphate buffer pH 6.8, small
amounts of NaCl reduced the difference between the relative hydrophobicity of the phases
and this difference remained the same up to 0.12 moles’kg. A further increase in NaCl
concentration to 0.15 increases this difference, which appears to be invariable in the range of
0.15 to 0.5 moles/kg. A slight increase in relative difference ocours at higher concentrations
at higher salt concentrations {e.g., 1.0 M). The phase hydrophobicity measurements were
carried out by calculating the free energy of transfer of CH2 groups from one phase to the
other and from one phase to a reference solution (ZASLAVSKY ef al, 1982a;
ZASLAVSKY eral, 1982b; ZASLAVSKY er al, 1983).

BAMBERGER et al. (1984) and BROOKS er a/. (1984) observed that some anions

(¢.g., SO4 and PO4") had a greater tendency to leave the PEG phase than others (¥, CI°,
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Br, I, CIO) and that some others correlations (difference in electrical potential between the

phases and fie-line lengths) were direct functions of these effects. NO3™ and €I did not

leave any phase,

1.1.3.3 Combined Effects of Salts upon Protein Partitioning in PEG-Dextran Systems

Most of the problems with testing the predicted charge dependence of K are difficult
10 recogzzi_ze due to the accompanying changes 1 phase composition, such as variation in pH

and salt concentration.

Depending on the distribution of charged ions, the phases will be attractive or
repulsive to proteins (poly-ions} so the proteins will tend to move towards the phases with
the opposite charge. The electrostatic interactions {(attraction/repulsion) between the phases
and the proteins will only be detected if other important factors, such as hydrophohicity,
bioaffinity, etc., do not overwhelm them. The electrostatic effects in aqueous two-phase
systems for protein partitioning can be observed at low salt concentrations up to 0.10 molkg
of the phase. This is like the "salting in" effect, which typically involves low salt
concentrations and is based on electrostatic interactions (MELANDER & HORVATH,
1977, SCOPES, 1994}

The difference in electrical potential is a rather controversial subject (ZASLAVSKY
er al., 1982b). According to these authors, the electrical potential represents the difference in
hydration of the ions taking part in the distibution equilibrium, and hence, seems to
represent (in a rather limited way) the difference in the relative hydration abilities of the two
phases of the system. According to BROOKS et al. (1984}, absolute potential measurements
cannot be made in a strict thermodynamic sense due to the unknown effect of the liguid
junction potentials at the tips of the salt bridges in the electrode measuring it. According to
BROOKS er ol (1984) and ZASLAVSKY e al (1982b), it is therefore necessary to
demonstrate that the measured potentials are consistent with the partition coefficients

observed in the ATPS. PFENNIG ef af. (1998) have observed that the electrostatic potential
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difference between coexisting phases is a common property at interfaces even though the
phases are strictly electroneutral and can not be measured, however it can be quantified

under controlled conditions.
1.2 PEG-SALT SYSTEMS

The formation of PEG-salt systems was first observed by ALBERTSSON in the
1950s, but the theoretical fundamentals have not been well explained. BOUCHER and
HINES (1976) found that for PEG solutions the addition of some inorganic salts (sulphates
and carbonates} is more effective than the addition of others in reducing the critical
concentration of cloud point curves. ANANTHAPADMANBHAN and GODDARD (1987)
found that inorganic salis dramatically reduced the PEG cloud point at high temperatures.

PEG-salts systems have been introduced for the practical application of large-scale
protein separation because of the larger droplet size, greater difference in density between
the phases, lower viscosity and lower costs, leading to a much faster separation than in PEG-
dextran systems. Industrial application of PEG-salt systems was improved by the availability
of commercial separators, which allowed faster continuous protein separations (KRONER &
KULA, 1978, KRONER e7 af., 1982, KULA efal, 1982;: KULA, 1990).

For PEG-salt systems, salting-out effects appear to operate with increasing tie-line
length, shifting proteins from the salt phase into the PEG-rich phase, or if protein solubility
in the PEG phase is not sufficient, they tend to precipitate at the interface. Solubility and
salting-out limits are dependent on the properties of individual proteins: therefore, a
differential response is expected when a mixture of proteins is handled (KULA er a/., 1982;
ANDREWS & ASENIJO, 1989).

KOHLER ef ol (1991) studied the precipitation curves for B-galactosidase and four
others samples of B-galactosidase fused to small proteins (SpABgal) in PEG and in
phosphate solution and found they were strongly related to protein partitioning in PEG-
phosphate two-phase systems. It was suggested that the considerable increases in the

partition coefficient of SpABgal at longer tie-line lengths were due to the loss of solubility in
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the phosphate phase followed by adsorption at the interface, rather than an increase in the

partition coefficient as such,

Initially PEG-phosphate systems were widely used (KULA, 1979, KULA, 1985;
KULA, 1990; KULA e o, 1982; HUSTEDT & KULA, 1977, HUSTEDT ef al, 1978,
VEIDE ef al, 1983). GREVE and KULA (1991) have studied ways of recycling the
phosphate phase of the systems to minimize environmental pollution. The recycling of the
phosphate phase was achieved by its separation from the solids by the use of alcohols. PEG
from the top PEG-rich phase can aiso be successfully recycled (KRONER & KULA, 1978;
KRONER ef al, 1982, HUSTEDT et al, 1985, HUSTEDT er al, 1988, HUSTEDT, 1986}

More recently PEG-sulphate systems have begun to be used. CHIANG and WANG
(1988) used them for recuperation of L-aspartase from fumarase, produced by E.coli. The
best separation was achieved with PEG 4000 and (NH4)2804 at pH 7-7.5. The presence of

2% NaCl (0.17 M) made the separation much worse. With 4% Na(l (0.34 M), a poor
separation was obtained (a tenfold decrease in K for aspartase). Since a pH or phase ratic
change was not observed, the dramatic change in K was considered to be due to a change m
hydrophobicity between the phases. LEE and SANDLER (1990} found that the partitioning
of antibiotic vancomyein in PEG 8000-phosphate systems was exponentially increased by
addition of NaCl (0 to 1.5 moles’kg) or sodium sulphate (0 to 0.7 moles’kg), but not
significantly changed by thiocyanate. It was suggested that the increased partitioning of
vancomycin was due to hydrophobic interactions promoted by water-structure-making salts
in combination with potassium phosphate (from the phase components), which would reduce

the water activity and alter the phase composition.

EITEMAN and GAINER (1990) studied the influence of the difference in
composition between the phases on the partitioning of small aleohols and peptides. A model
for protein partitioning was suggested, taking into account the difference in PEG
concentration between the phases and the solute hydrophobicity relative to the hydrophobic
difference between the two phases.

Citrate systems were developed in order to make ATPS less harmful to the
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environment. Citrate is biodegradable and non-toxic, and it could be discharged into a
wastewater treatment plant (VERNAU & KULA, 1990).

1.3 MODELS FOR PARTITIONING BETWEEN THE PHASES

1.3.1 Bronsted Theory

The basis for separation by a two-phase system is the selective distribution of
substances between the phases. For soluble substances, distribution takes place mainly
between the two bulk phases. Distribution is characterized by the partition coefficient, K,
defined as the concentration in the top lighter phase, Ctop, divided by the concentration in

the heavier bottom phase, Chottom:
K= Ctop /Chottom (L1

Obviously the choice of a suitable phase system is the key step in all partitioning

work,

If the energy needed to move a protein molecule from one phase to another is AE,
one would expect that at equilibrium a relationship between the partition coefficient and AE
would be expressed as follows (BASKIR et af, 1987);

C1/Cy = ¢ 2EAT (12)

where k 1s the Boltzman constant and T the absolute temperature, and C1 and €7 are the

concentration of protein molecules in phases 1 and 2.

AE must depend on the size of the particle or molecule, since the larger the size, the
greater the number of exposed atoms which can interact with the surrounding phase, and the

following formula was suggested:
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AMAT

CiflCa= e {1.3)

where M is MM and A in this case is a factor that depends on properties other than MM. For

a spherical molecule, M could be replaced by A, the surface area of the molecule:

Ci/Cy = e AT (1.4)

and A in this case is a factor that depends on properties other than surface area, for example

surface properties as expressed by the surface free energy per unit area.

This is known as the Bronsted partition theory, and its main point is the exponential
relationship between the partition coefficient and properties that enter into the A factor, for
example hydrophobicity or affinity and charge. Small changes in such factors will cause
relatively large changes in the partition coefficient. The theory therefore predicts a high
degree of selectivity. Although the Bronsted model demonstrated why protein partitioning
may be sensitive to particke MM, it is at best a qualitative model, since it combines all the

other system variables into a single parameter.

1.3.2 Albertsson’s Model

ALBERTSSON (1971) derived an expression for the dependence of the distribution

potential difference, y, between the two phases on the buffering salt:

RT K
y= In (1.5)

(Z"+Z)F K’

R represents the gas constant

T represents absolute temperature

K represents the cation salt partition
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K represents the anion salt partition

Z and 2 represent the number of charges on the salt ions (e.g., valence)

v represents the electrical distribution potential

This is also a qualitative model, and it demonstrates the high exponential dependence
of protein partitioning on its charge, surface area, surface energy and difference in

distribution potential between the phases.

In practice, however, there has been no consistent and generalized effort to use these
theories to predict partitioning behaviour, so they have been used only as descriptive tools to

explain observed phenomena.

These models are limited to examining only the effect of protein molecule
characteristics without attempting to analyze in detail the contribution of phase environment.
These theories also give no indication of how molecular mass, concentration or the choice of

phase polymer will influence partitioning in agueous two-phase systems.

1.3.3 Lattice Model Proposed by Brooks er al (1985) (Model for PEG-Dextran
Systems)

The increased interest in ATPS for a wide range of applications, combined with the
lack of a useful predictive model for protein partitioming, has led to an interest in the
development of models. BROOKS er al. (1985) developed a lattice model by extending the
theory of polymer-polymer solvent mixing to multicomponent systems. In this case, the
system is considered to be a four-component system, containing water {component 1} and
three polymeric solutes {components 2, 3, and 4), one of which is biomaterial (component
4). It 1s assumed that there is a very low concentration of biomaterial relative to the other
components, and all the polymeric components are assumed to be equally soluble in the
solvent. The Brooks model qualitatively demonstrates several of the trends found

empirically. Less partitioning occurs between the phases, even for large biomaterials. Also
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the value of K is higher for greater differences in polymer concentration between the phases.
All other factors being equal, the protein will partition in favour of the phase containing the
polymer with a lower MM, Their model provides some basis for understanding biomaterial
paﬁiﬁoning, but Brooks ef al pointed out that the physical picture of the biomaterial as a
random coiling polymer is unrealistic. It is well known that like most biological molecules,
proteins are generally tightly folded, compact globular structures which contain a large
proportion of the polypeptide shielded internally from contact with the surrounding solution.
One should expect that real native proteins would have much lower surface contact areas
than random coiling polymers, In addition, the nature of steric interactions between the
phases and the biomaterial will be different if a compact hard body model, rather than a

random coll, is assumed.

1.3.4 The Virial Expansion Model

KING et al. (1988) developed a model for polymer-polymer systems that assumes a
general form for the chemical potential of the components, and various terms are determined
by independent measurement, allowing the calculation of the phase diagram and the protein
partitioning coefficient with it. The model states that protein partitioning is a function of
polymer concentration and the interactions between the polymers and the protein. The virial
expansion model can be modified and used to predict the effect of moderate concentrations
of salts on protein partitioning. ¥t gives a qualitative relationship between K and polymer
concentrations and information about the volume "excluded" by each component in solution,
which is dependent on the molecular mass of the component. Measurement of the interaction
coefficient by low-angle light scattering indicates that protein-polymer interactions are
generally only slightly affected by the presence of different salts. The protein-protein
interaction coefficient for many proteins has been found to be dependent upon the choice of
salt. The dependence of protein-protein interactions on salt type could be due to electrostatic
interactions, stabilization of the protein, and the interaction of the salt solution with the
hydrophobic portions of the protein (MELANDFER & HORVATH, 1977). This model,

however, is not fully understood and is only applicable to polymer-polymer systems and not
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to polymer-salt systems,

HAYNES et al. (1989; 1989b) improved King’s model, developing a molecular
therhodynamic model to predict properties of aqueous two-phase systems containing
polymers, electrolytes and proteins. According to the Debye-Huckel theory, at
concentrations of electrolyte in solution of less than 0.1 M, electrostatic interactions can be
well explained. Haynes' model uses this theory and independent measurements of
coefficients of polymer-polymer, ion-ion and ion-polymer interactions. The model can
predict salf ion partitioning, which is inversely correlated with tie-line length (TLL) and ion
size and is also in agreement with the Hofmeister series. Flectrical potential differences were
predicted as a function of TLL, and binodial curves of phase diagrams were in good
agreement with experimental data. The shortcomings of their model were the unreal ratio
between the size of protein-ion interactions, which are in disagreement with the Debve-
Hiickel theory, and the uneven distribution of charge over the protein surface. It also had to

be mmproved for higher polymer concentrations.

CABEZAS ef ol (1989, 1990; 1991) developed a statistical mechanism model for the
prediction of phase diagrams of aqueous two-phase systems. It incorporated the dependence
of the phase diagram on polymer molecular mass and polydispersity. The model was in

agreement with independent thermodynamic calculations from experimental data.

1.3.5 Model for Polymer-Salt Systems

A model for polymer-salt systems was developed, indicating that the polymer
concentration of the salt-rich phase of the ATPS can be neglected, since it is generally small
compared to the salt concentration. The protein solubility term is expressed by a relationship
between protein solubility in the salt-rich phase, the molar salt concentration in the salt-rich
phase, the solubility of the protein in pure water and the salting-out constant of the salt for
the protein. The salting-out constant depends on the protein and the salt and is related to the
lyotropic series (BASKIR ef al, 1987, BASKIR ef al, 1989). In the polymer-rich phase,
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however, the concentration of both polymer and salt are significant. Randomly coiled
polymer chains are known to contain a large amount of solvent. The polymer in the
polymer- rich phase "excludes” the protein and the salt from a portion of the water present in
the f)hase. The formation of hydrated PEG removes some of the water, which would
otherwise be available for dissolving the salt or the protein. Consequently the protein and the

salt are concentrated in the portion of available water in the phase.

1.3.6 Eiteman and Gainer Model

A mathematical model was developed by EITEMAN and GAINER (1990, 1991) to
predict partition coefficients for solutes in PEG-sulphate systems. Their expression has been
validated for peptides, showing that increasing the difference in concentration of PEG (Aw)
between the phases or increasing solute hydrophobicity also increases the partition

coefficient.
log Khmphof, =D Aw log (P;’P’ g)

An increase in Aw can be considered to be equivalent to an increase in tie-line
length, The model still has to be improved for proteins. K values for papain and trypsin
increased as Aw increased. K for lysozyme first decreased, and after reaching a minimum,

then increased as Aw increased (FRAMNCO ef al, 1996b).

1.4 AFFINITY PARTITIONING

In the last 30 years, several groups have studied methods to increase partitioning by
the use of biospecific interactions in ATPS (FLANAGAN & BARONDES, 1975
JOHANSSON ¢f o, 1983, JOHANSSON ef al., 1984; LUONG & NGUYEN, 1990).

The initial works on affinity partitioning in ATPS were to punfy trypsin by using
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PEG-bound ligand p-aminobenzamidine (TAKERKAR ef ol., 1974) and S-23 myeloma
protein by using dinitrophenol as figand (FLANAGAN & BARONDES, 1975).

The degree of affinity partitioning, K.y, can be described by the ratio between the
partition: coefficients of proteins with and without a ligand (JOHANSSON, 1985b):

K (PEG-ligand)

Kor=
K (PEG-without ligand)

This equation describes the increase in the partition coefficient of a protein by the binding of

a specific ligand to the PEG-rich phase.

Affinity partitioning results in specific extractions of proteins, nucleic acids,
membranes, organelles and even cells, mainly when biospecific Higands are used (WALTER
efal., 1985).

The ligand can be a natural substance or a synthesized molecule. There are ligands
that interact selectively with proteins due to the specific sites. There are many groups of
ligands, such as hydrophobic and thiophilic ligands (PORATH er al, 1975), metal chelates
(WUENSCHELL er al., 1990; ARNOLD, 1991; BIRKENMEIER ef al., 1991; ZUTAUTAS
et al., 1992; CHUNG et al., 1994), quaternary ammonium compounds JOHANSSON ez ol
1981), dyes (KOPPERSCHLAGER & JOHANSSON, 1982; KRONER et of, 1982,
JOHANSSON et al., 1983, JOHANSSON & ANDERSSON, 1984a; JOHANSSON &
ANDERSSON, 1984b; JOHANSSON ef al, 1984; BIRKENMEIER ef al., 1984;
JOHANSSON & JOELSSON, 1985a; JOHANSSON & JOELSSON, 1985b; CORDES er
al., 1987, GIULIANO, 1991, WANG er al, 1992, ZUTAUTAS et ol 1992;
BIRKENMIER, 1994, KOPPERCHLAGER, 1994, LIN ef al, 1996), fatty acids
(JOHANSSON & SHAMBHAG, 1984; JOHANSSON er g/, 1985), inhibitors (SILVA et
al, 1997) and monoclonal antibodies (ELLING er al, 1990; ELLING & KULA, 1991,
ELLING et al., 1991; ANDREWS ez al., 1996). Natural ligands are generally expensive due
to the high cost of purification, chemical and biclogical lability {(KOPPERSCHLAGER,

1994),
69




Capitulo 2

Table 2 reports the purification of different biomolecules by affimity partitioning

described in the Literature.

Table 2. Biomolecules purified in ATPS by affinity.

Biomolecule Ligands attached to Recovery Purific. Reference
PEG {%0) factor
Lactate Tryazine dye-Cibacron 81.3 7.4 LIN et al. (1998)
dehydrogenase |Blue F3G-A
B-galactosidase | p-aminophenyl-B-D- 83 6 SILVA et ol (1997)
thiogalactopiranoside -
{APGP)
Protein A 1gG buman g7 - SUZUKI et al.
{1995)
Lactate Eudrogit-Cibacron Blue 54 11.7 GUOQIANG er al.
dehydrogenase {1994)
Peniciilin Trimethylamina 97 257 GUAN eral (1992)
acylase
Trypsin Trypsin inhibitor 82 - LUONG &
NGUYEN (1990}
Ligands attached to Dextran '
Liposome Avidin 95 - EKRBLAD ef al.
(1998)
Chvmosin Pepstatin 83 6.2 CHEN & JEN (1993)

Downstream processing of proteins has been considerably advanced with the use of

affinity separation methods, as can be evidenced by the extensive publications in this field.

Application of affinity separation methods in the initial steps of the extraction
process was initially described by SADA (1990). The concept of the use of affinity
interactions for initial isolation is attractive as a technique of high resolution apphed early in
the purification process, reducing the volume of material to be manipulated later on, the
consumption of chemical products used in the process and biological activity loss of
hiomolecule (ASENJO & PATRICK, 1993).

According to KOPPERSCHLAGER (1994), this technique can operate continuously
and be scaled up. Also, the target biomolecule can be purified by a single or multistep
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extraction, and affinity partitioning of biomolecules is a simple and adequate approach to the

qualitative and quantitative study of protein-ligand interaction.

BLENNOW (1994) showed the following advantages of using affinity partitioning in
ATPS: 1) enzyme recovery is high, 2) the conditions are mild, 3) the procedure can be
scaled up, 4) the method is reasonably inexpensive and 5) standard laboratory devices can be

used.

ARNOLD (1991) reports the following advantages of metal-affinity partitioning in
ATPS over affinity chromatography for protein purification: 1) metals can be recycled a
large number of times, 2) high metal loadings and high protein capacities then can be
attained, 3) product elution is achieved relatively easily, 4) ligands are regenerated and 5)

metal chelate ligands are cheap.

1.5 CONTINUOUS EXTRACTION IN ATPS AND RECYCLING OF PHASE
COMPONENTS

Recent advances in ATPS have enhanced the choices of commercial applicability for
large-scale operation (WINTER er al, 1999, LORCH, 1999). However, as the main
properties of ATPS are quite extreme when compared with non-polar solvents (Table 3),
detailed studies had to be conducted in order to adapt the extraction equipment to agueous
two-phase systems. Very fine droplets are formed in a continuous extraction column,
allowing a very high interfacial area for the rapid transfer of enzyme or protein (BHAWSAR
et al., 1994).
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Table 3, Comparison between conventional liquid-liguid extraction and ATPS according 1o
BHAWSAR ef al. (1994).

Pmp_erties Conventional liquid-liquid ATPS
extraction

Viscosity <1mPas 14 mPas
Difference 1n density twice X X

Tension 13mMm’ 10710 10 mMm”

Enzyme mass transfer was investigated in a sieve-plate exiraction column
(BHAWSAR er al, 1994), in a packed extraction column (PATIL ef al, 1991), in a
modified spray column (PAWAR e of, 1997) and in a conventional spray column
{SAWANT et al, 1990).

The effect of design parameters (number of plates or plate spacing) and operating
parameters (dispersed phase velocity and physical properties) on the overail volumetric mass
transfer coefficient and hoid-up have been studied by some authors (SAWANT er of., 1990,
PAWAR eral, 1997; BHAWSAR er ol 1994; PATIL er ol 1991 ). It was observed that the
viscosity of the dispersed phase was usually more than 14 mPa s, which is ruch higher than
that in conventional liquid-liquid extraction. Also, the difference in density of a non-polar
system is at least twice that in the case of ATPS. In addition, the diffusivity of enzvmes and
proteins in ATPS is about one order of magnitude lower than that 1n conventional systems.
BHAWSAR ef ol (1994) studied the enzyme mass transfer in a sieve-plate gxtraction
column and observed that the total hold-up, the fractional dispersed hold-up and the
volumetric mass transfer coefficient increased as the orifice diameter and the number of
orifices on plates in the sieve-plate extraction column increased. The values of the mass
transfer coefficient and total hold-up also increased as the number of plates in the column
increased together with a simultaneous decrease in the plate spacing. It was also found that
these three parameters decreased as the tie-line length (higher concentrations) of the ATPSs
increased and that the PEG-rich dispersed phase controlled the resisiance to mass transfer. It

was observed that the major contributions to mass transfer of amyloglucosidase were
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attributed to the drop rise and the coalescent stages. The drop formation contribution was

found to be negligeble.

The recovery of polymers after extraction of a biomolecule is a procedure as
mmportant which is in laboratorial processes as it is on an industrial scale. The ability to
easily recycle the polymers would make large-scale ATPS more economically attractive
(CARLSSON, 1988).

Methods of recycling the phase-forming components in ATPS have been used on
small scale, as described by different authors {CARLSSON, 1988; KULA ef ol 19823,
CARLSSON (1988} reports that PEG is recycled by extraction with chloroform and reused
in a new phase system. Another alternative mentioned by this author is the transfer of a
PEG-rich phase of a system where the biomolecules had partitioned in a first system to a
second fresh saline phase with a different composition. The biomolecules would then
partition into the bottom-rich phase of this second system, releasing a protein-free PEG-rich

phase that would be reused in another extraction process.

KULA er al. (1982} described some methods to recycle PEG, such as ultrafiitration
or dialysis. The other way to obtain PEG-free enzymes is the adsorption of the enzyme by

suitable adsorbents, thus recovering the PEG phase.

GREVE and KULA (1991) studied three ways to recycle salt and the best was by
using an aqueous ethanol solution to extract salt. The alcohol and salt-rich phase flow to an
evaporator where the alcohol is removed and recyeled. The salt solution is concentrated, if
necessary, in a second evaporator, from which most of the water may also be recycled. The

concentrated salt solution is then reintroduced into the protein extraction process.
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SUMMARY

~ This work investigated the partitioning of P-galactosidase from Khyverompyces
Jfragilis in aqueous two-phase systems (ATPS) by biocaffinity. PEG 4000 was chemically
activated with thresyl chloride, and the biospecific ligand p-aminophenyl I-thio-$-D-
galactopyranoside (APGP) was attached to the activated PEG 4000. A new two-step method
for extraction and purification of the enzyme B-galactosidase from Kluyveromyces fragilis
was developed. In the first step, a system composed of 6% PEG 4000-APGP and 8%
dexiran 505 was used, where B-galactosidase was strongly partitioned to the top phase (K =
2.330). Inthe second step, a system formed of 13% PEG-APGP and 9% phosphate salt was
used to revert the value of the partition coefficient of B-galactosidase (K = 2 x 107} in order

to provide the purification and recovery of 39% of the enzyme in the bottom salt-rich phase.
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INTRODUCTION

Partitioning of biomaterials in aqueous two-phase systems (ATPS) is a selective
method for purification and for analytical studies of cellular components of several sizes,
inctuding proteins, nucleic acids, membranes and cellular organelies. An ATPS is formed by
the addition of aqueous solutions of two polymers, such as PEG and dextran, or a polymer
and a lyotropic salt, such as PEG and potassium phosphate. The extraction and separation
process in ATPS can be used as a substitute for the initial steps of purification and
preparative chromatography of biomaterials, can be scaled-up without a significant

efficiency loss and can be accomplished in the absence of sophisticated equipment.

The choice of a non-aggressive method such as ATPS partitioning maintains the
biclogical properties of biomolecules. An ATPS contains a large amount of water in both
phases, constituting an excellent mild biological method to recover cells, organelles or active
proteins (ALBERTSSON, 1971). Methods described in the literature, such as liquid-tiquid
extraction, are gaining prominence in meeting the basic demand due to the viability of their

mndustrial applications.

Dextran and polyethylene glycol are not toxic chemicals, are included in the
pharmacopoeias of many countries and have applications in the food industry. Utilization of
these polymers can be considered an advantage in the development of new technologies
because a lot of applications of enzymes and biologically active proteins are in the food and

pharmaceutical industries.

In order to achieve a high recovery and the concentration of a target protein in one
phase of the ATPS, it is necessary to increase the difference between the value of the
partition coetficient (K. = concentration of the protein in the top phase/bottom phase) of the
target protein and the K value of the contaminant material (Kp). Figure 1 shows a diagram

of an ATPS.

93




Capitulo 4

Top-phase composition

Biphasic system

Polymer A

system Bottom-phase composition

»
Polymer B

Figure 1. Binodial curve of an agueous two-phase system.

Parameters such as polymer melecular mass and concentration, type and

concentration of salt, pH and temperature can affect K.

The process of purification in ATPS by bioaffinity combines the property of
biological recognition and partitioning in a liquid environment. The ligand is coupled by
covalent bonds to the polymer phase, therefore it will have a high partition coefficient
towards the phase enriched with the polymer. If the target protein to be isolated has a
specific affinity for the ligand, the formation of a ligand-biomolecule complex will induce
an increase in the partition coefficient of the protein towards the phase enriched in the ligand
(KOPPERSCHLAGER, 1994; BIRKENMEIER, 1994), while the presence of contaminant
molecules will be predominant in the opposite phase (DIAMOND & HSU, 1992).

The enzyme lactase or f-galactosidase has many applications in dairy technology,
such as for industrialized products containing lactose. B-galactosidase can also be apphed in
erystal removal, production of sweeteners, solubilisers and toothpaste and research and
analvtic activities (GODFREY & REICHELT, 1983). The transglycosylation activity of B~
galactosidase, leading to the symthesis of oligosaccharides, reported by PRENOSIL e af.
(1987) and BRENA er al (1994). Lactase-hydrolyzed products are currently being
manufactured in Brazil, and the demand for such products would increase if this enzyme

were produced at a lower cost and a higher quality.
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This enzyme is intracellularly formed in yeasts and bacteria and secreted by fungi.
The most important microorganisms which produce this enzyme are species of Aspergillus
niger, 4. oryzae, Kluyveromyces fragilis and K. lactis. lts production by Newrospora
(L.ANbMAN, 1954), Escherichia coli GNALIBNFELS et al., 1960), Succharomyces lactis
{(GUY & BINGHAM, 1978), Bacillus circulans (KITAHATA erf al 1991), Scopulariopsis
sp (PASTORE & PARK, 1980) and Erwinia aroidea (FLORES & ALEGRE, 1996} has also

been reported.

MATERIALS AND METHODS

PEG 4000 was purchased from Fluka {Switzerland) and tresyl chioride from Sigma
(St. Louis, MO, USA). The Khgveromyces fragilis employed was obtained from the
American Type Culture Collection (ATCC  46537). A commercial B-galactosidase
(Lactozym} was the kind gift of Novo Nordisk.

Enzyme prodaction

For the production of B-galactosidase, K. fragilis was grown at 37°C for 24 h in the
following culture medium: 30 mi of commercial milk, 0.15 g of (NH),SO4 and 0.06 g of
KH;PO., with pH adjusted to 6.5 The fermented culture broth was centrifuged at 3,000 g for
20 min, The mass of cells was weighed and chioroform was added in the proportion of 1:1
{w/w). This suspension was kept under inagnetic stifring for 1 hour, and then 20 ml of 0.05
M phosphate buffer, pH 7, was added and centrifuged. This procedure was repeated three
times. The supernatant containing intraceliulé.r material of K. fragilis was used in the

experiments.
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Determination of [-galactosidase activity

The enzyme activity was determined by using o-nytrophenyl-B-galactopyranoside
{ONPG) as the substrate and by spectrophotometric measurement at 420 nm. The enzyme
was assayed at 37°C. One §-galactosidase unit corresponds to 1.0 umol of erthophenol

released per minute under the given condition.

Partitioning in the ATPS

One hundred ul of enzyme sample was mixed into the ATPS, using a Vortex for 30
sec. Phase separation was achieved by centrifugation for 5 min. at 3,000 g and the interface
of each system discharged. A known volume of each phase was collected and the activity
was determined. The partition coefficient (Kg} of the enzyme was caleulated from the ratio
of B-galactosidase activity found in the top phase and activity found in the bottom phase.

Protein assay

The main contaminant protein concentration was determined by the dye-binding
technique of SEDMAK and GROSSBERG (1977). Fifty to 100 pl of the top phase was
transferred from each prepared system to a cuvette containing 2.4 ml of water and 1.0 mi of
Coomassie blue solution and mixed well, and the ODsss was measured in a
spectrophotometer, versus a blank which had 50 pl of a top phase of a system which had
been equally prepared without any sample. The blanks were done to correct the interference
of the phase components. The procedure was repeated for the bottom phase of each system.
A BSA standard curve was used to calculate protein concentration. The partitioning of the
main contaminant protein, Kp, was calculated as the ratio of protein in the top phase to that

in the bottom phase at room temperature,
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Synthesis of PEG-APGP

The PEG-APGP was synthesized according to DELGADO et ol (1990) and
NILSSON & MOSBACH (1984).

Activation of PEG 4000 with tresyl chloride

(I) Solid PEG 4000 (20 g) was dried by azeotropic distillation in toluene and then
dried in vacunm. The white solid was dissolved in 45 ml of dry dichloromethane at room
temperature. The mixture was cooled at 0°C and stirred magnetically, and 1.125 mi of
pyridine aﬁd 1 g of tresyl chloride at 0°C were added drop by drop. The reaction was
continued at room temperature with constant stirring for 1.5 h, and the dichloromethane was
removed by evaporation under reduced pressure. The white solid was dried in vacuum
overnight at room temperature and formed the PEG-tresilated precursor (TPEG). TPEG was
washed twice with HCl-ethanol (1:250, v:v), precipitated at 4°C and kept in a dissecator.
This procedure was repeated sixtimes and the white solid was collected and dried in vacuum.
in a second step, TPEG (I) reacted with Tris-HC! 0.2 M buffer, pH 8.0 for 12 hours at 4°C.
It was dialyzed against water to remove the excess Tris-HC] and then concentrated by
uitrafiltration (50 mi) (¥¥).

Attachment of APGP to TPEG

(Ikf) - APGP (0.60 g) was added to the TPEG (II) and it reacted for 12 hours,

ultrafiltered with water and then dried in vacuum.

Aqueous two-phase system preparation

Aqueous two-phase systems were prepared according to FRANCO ef al. (1996).
They were prepared from stock solutions of PEG 4000 (50%, wiw), dextran T505,000 (30%,

wiw) and potassium phosphate solution with KxHPO, to KH,PO, (40%, w/w) with 2 molar
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ratio of 0.6, pH 6.5, In the first step, the compounds were mixed to form 8.0 g of a system
having a final concentration of 6% PEG 4000-APGP (compound 1) and 8% dextran T505,
pH 6.5. In the second step, the bottom phase of the PEG 4000-APGP/dextran system was
discarded and replaced with a fresh phosphate phase, pH 6.5. The composition of the system
(6.0 g total weight) was 13% PEG 4000-APGP and 9% K;HPOJ/KHPO., pH 6.5 The

system was mixed and centrifuged.

Electrophoresis

SDS electrophoresis (SDS-PAGE) was carnied out in 12% homogeneous gel
{LAE&MI’, 1970). The gels were stained with Bio-Rad silver. The molecular mass markers
consisted of  thyroglobulin (330 kDa), ferritin (220 kDa - half unit}, albumin (67 kDa),
catalase (60 kDa), lactate dehydrogenase (36 kDa) and ferritin (18.5 kia), available as a

standard kit (Pharmacia Biotech).

Specific B-galactosidase activity (SAg o)

1t is defined as the ratio of enzyme activity (U/ml} to the total protein concentration

(mg/ml) and is expressed in U/mg of protein (equation 1).

Enzyme activity
SAp.ga = (1)

Protein concentration

Purification factor (PF)

The PF concept has been used in this work as a measurement to follow the
purification operations (PRICE & STEVENS, 1989; SILVA ef al., 1997) and is defined as
the ratio of the specific $-galactosidase activity after a purification step to the inttial specific
B-galactosidase activity (from the agueous enzyme extract or from a previous purification

step} (equation 2},
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SAgp.qq in the collected phase
PF = (2)
Initial SAg.gu

Recovery (R)

It is defined as the ratio of the enzyme activity collected from an aqueous phase after
partitioning to the total enzyme activity added to the system {equation 3).

enzyme activity of the phase

R (%) = @)

total eﬁzymé activity added to the system.

Selectivity (8)

1t is defined as the ratio of the partition coefficient of the enzyme, Kg, to the partition
coefficient of the protein, Kp.

Eg
S = (4)
Kp
RESULTS AND DISCUSSION

Our earlier experiments showed that $-galactosidase from Khoveromyces lactis was
not separated from the main contaminant proteins of the broth (SILVA er af, 1997) in
conventional aqueous two-phase systems. The pool of total proteins was mainly partitioned
towards the bottom salt-rich phase of PEG/phosphate systems independently of PEG
molecular mass. In order to achieve a good and efficient separation of the B-galactosidase
and its main contaminants, it would be desirable to find an ATPS composition where they

are mostly extracted im opposite phases. Therefore an affinity system was developed in
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which the APGP biospecific ligand chemically attached to PEG 4000 and dextran T505,
which was accomplished in two chemical reactions. In the first reaction PEG hydroxyls were
activated with chloride to become more reactive, In the second reaction the APGP ligand
was ﬁnally bound to PEG. In this present work, the amount of activated and reacted PEG
was not measured because our earlier resuits had shown that approximately 74% of the total
number of hydroxyl groups in PEG had been transformed into tresyl esters in the first
activation reaction. Also, the amount of APGP bound to PEG in the second reaction had
been indirectly observed to be higher than 80% of the activated hydroxyls after five hours of
reaction (SILVA ef al, 1997). Therefore in order to assure at least the same amount of
APGP bound to PEG in this work, the second reaction lasted 12 hours. Another modification
of the synthesis of the PEG-APGP was the excess of free APGP molecules removal and

Tris-HCI buffer excess, which was done by extensively washing by ultrafiltration.

Partitioning of the Kluyveromyces fragilis B-galactosidase

In order to extract and separate B-galactosidase from the contaminant proteins, a
strain of K. fragilis was fermented and the cells were disrupted with chloroform. The
enzyme extract was partitioned in the aqueous two-phase systems described in Table 1. The
observed results show a 3,280-fold increase in the Kg value, when PEG-APGP replaced the
plain PEG in the 6% PEG 4000 and 8% dextran system, indicating the strong affinity of B-
galactosidase for the phase containing the APGP ligand. The purification factor rose from
2.8 t0 9.7 and the selectivity factor of the system rose from 1.6 to 1,650. The high selectivity
valye indicates the potentiality of the system for a selective extraction of 3-galactosidase by
1iqﬁid extraction. Fuzyme vield in the first-step partitioning in the affinity system was 55%,
and the 45% p-galactosidase loss at the interface would possibly be due to the strong
interaction between the APGP and the enzyme, which was not totally disrupted by the
condition of the P-galactosidase assay with the ONPG substrate. STEERS er al (1971)
observed that in affinity chromatography the interaction between APGP and B-galactosidase

was stronger than the interaction between B-galactosidase amd other substrates such as
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lactose, o-nitrophenyl-p-D-galactopyranoside and isopropyl-B-D-galactopyrancside. They
found that the APGP-enzyme binding couid only be disrupted when a low degree of ligand
substitution was used or when an alkaline buffer of borate, pH 10, was employed to elute the
enzyn;e. A second-step purification was developed by separating the top PEG-APGP-rich

phase where the enzyme was collected and mixing it with a new fresh phosphate phase.

ALBERTSSON (1971} reports on the binodial curve of the PEG 4000/dextran system,
where the top phase contained 8% PEG 4000 and 3% dextran and the bottom phase
contained 5% PEG 4000 and 9% dextran. As a new PEG 4000/phosphate system, pH 6.5,
had to be used in order to invert the partition coefficient of the B-galactosidase by disrupting
the interaction between the APGP and the enzyme, the top PEG-APGP phase was mixed
with a stock phosphate solution 1o give a final composition of 13% PEG-APGP and 9%
phosphate system. It was assumed that the binodial curve of the PEG-APGP/dextran system
was similar to the PEG 4000/dextran system.

Table 1. Liguid-liquid extraction process of f-galactosidase from Kluyveromyces fragilis,

pH 6.5.
System Kz Kr R (%) SA PF S
' (U/mg) |
6% PEG 4600 0.71 1.2 57 104 2.8 1.6
8% Dextran _ (bottom phase)
6% PEG 4000-APGP 2,330 | 14 55 361 97 1,650
8%Dextran | | ey
13% PEG 4000-APGP | 22 x 107 0.8 39 708 19 2.7% 107
9% phosphat-e (bottom phiase)

B-galactosidase activity = 295 U/ml
Protein concentration = 7.92 mg/ml
Specific activity = 37 U/mg

The results from Table 1 show that the partition coefficient of B-galactosidase
decreased from 2,330 to 2.2 x 107 in the second partitioning procedure in the PEG
4000/phosphate system. The purification factor, specific activity and selectivity were 19, 708

and 2.7 x 107, respectively. Due to the extremely low enzyme concentration in the dextran-
103




Capitulo 4

rich phase from the PEG-APGP systems (first step) and in the PEG-APGP-rich phase
{second step), the partition coefficients given are lower limit estimiates based on the limit of

detection of the spectrophotometer.

A commercial enzyme (Lactozvm) produced by the same specie of microrganism

was also extracted and purified by the procedure developed in this work (Table 2).

Table 2. Liquid-liquid extraction process of B-galactosidase from Lactozym.

Systems K R (%}
6% PE(G 4000 0.40 87
8% Dextran (bottom phase)
6% PEG 4000-APGP 2,380 50
8% Dextran (top phase)
13% PEG 4000-APGP | 53 % 10 26
9% phosphate {bottom phase}

The Ky increased 5,950-fold and recovery was only 26% of the enzyme activity. The
Kz observed for the Lactozym enzyme was 2,330, similar to the Kg observed for the B-
galactosidase from fermentation, which was 2,380 for K. fragilis. The system composed of
13% PEG 4000-APGP and 9% phosphate favoured the disruption of the complex enzyme
ligand, and in the same way, the commercial $-galactosidase was concentrated in the bottom

phosphate-rich phase.

In systems without a ligand, contaminant proteins were evenly distributed in both
phases (K = 1.2). When the ligand was added, an insigpificant increase in the partition
coefficient of the contaminant proteins was found. Figure 2 shows an electrophoretic gel of

the B-galactosidase purification.
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Thyroglobulin ~ 330 kDa.
Ferritin (Half Unit)- 220 kDa

Albumin - 67 kDa
Catalase - 60 kb

Lactate Dehvdrogenase ~ 36

Ferritin — 18.5kDa.

Figure 2. SDS-PAGE gel electrophoresis -of B-galactosidase from Lactozym: a) marker
proteins;, b) Lactozym B-galactosidase; ¢) B-galactosidase extracted without
ligand, top phase of ATPS; d) B-galactosidase extracted without ligand, bottom
phase of ATPS; e) B-galactosidase extracted with ligand, top phase of ATPS; )
B-galactosidase extracted with ligand, bottom phase of ATPS; g} B-galactosidase
(fermented).

The gel shows two major bands of corresponding molecular mass, 117 XDa and 70
KEDa, on the purified material. According to the literature, the molecular mass of B-
galactosidase from Khgveromyces fragilis is 201 kDa (MAHONEY & WHITAKER, 1978),
calculated by size exclusion chromatography. They also found by SDS-PAGE that this
enzyme was composed of two protein chains of MM of 120 kDa and 90 kDa, which in
native conditions, would behave as a dimmer of approximately 200 kDa. As the enzyme
purified in our work is globular, a molecular mass of 187 kDa is caleulated, which is only

3% below the B-galactosidase described by MAHONEY and WHITAKER (1978).

The K/K, value determines the efficiency of an affinity partitioning procedure. It is
described by the ratio of K, the partition coefficient in system with ligands and K, the
partition coefficient of the enzyme in a system without ligands under otherwise identical
conditions. When a ligand is coupled to the top polymeric phase, Ky increases until some

saturating value is reached. The value K/Kg is proportional to the number of available
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ligands in the polymeric phase (CHUNG ef al, 1994; AGUINAGA-DIAZ & GUZMAN,
1996},

Figure 3 shows the effect of the enzyme coneentration added to the system on the log
K/Kyp values.

log KiK,
%]

o
W
T

B-galactosidase added (U)

Figure 3. Effect of the enzyme concentration added to the system on the K/K, values.

1t is observed that the highest K/Kg value 5,950, was obtained when 75 U of

commercial B-galactosidase was added to the 8.0 g system.

PASTORE and PARK (1980) purified B-galactosidase from Scopulariopsis sp by
precipitation with ammonium sulphate and two chromatographic steps leading to 2 4% vield
of the pure enzyme desired. VEIDE et al, (1987) developed an process of industrial isolation
and purification by PEG 4000/potassiumn phosphate partitioning systems for £ coli B~
aalactosidase, which is followed by an uitrafiltration step to recycle the salt-rich phase. They
were able to recover 95% of the B-galactosidase. SILVA &7 al {1997) observed that the
partition coefficient of B-galactosidase from Kliyveromyces lactis increased 3.7-fold in a 6%
PEG 4000-APGP and 12% dextran system. The purification factor increased 1.6-fold and

the recovery of the target enzyme was 83%.
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It seems clear that partitioning in ATPS can be an effective way of purifying and
concentrating enzymes and other biomolecules. It can be greatly improved by designing
efficient and specific bioligands which are not be expensive and can be recycled (ie.,
uitraﬁitrated), Research on affinity techniques, binding chemistry and the designing of
specific equipments for extraction in ATPS will be of great help in the improvement of

downstream enzyme processing.

CONCLUSIONS

An extractive liquid-liquid system was developed with the objective of purifying the
microbial enzyme B-galactosidase. As the enzyme from Khgveromyces fragilis is very
hydrophilic, being partitioned with the main contaminant proteins to the saline phase in
conventional PEG/phosphate systems, a new two-step process was developed for the
extraction and purification of B-galactosidase. In the first step, the system involves a
biospecific ligand composed of 6% PEG4000-APGP and 8% dextran. In this system the
partition coeficient of B-galactosidase increased 3,280-fold compared to the initial value in
a system without ligands. In the second step, a system formed of PEG 4000-APGP and
phosphate was used to revert the value of the partition coefficient of the B-galactosidase (K
=22 x 107, providing the purification and recovery of 39% of the enzyme. The main
benefit of this work was the development of a feasible process of chemical activation of
polyethylene glycol and the subsequent binding of a ligand to PEG (a hydrosoluble
polymer), capable of completely altering the value of the partition coefficient of the enzyme.
In the affinity step, a great number of contaminant materials were removed to the bottom
phase, as the enzyme was partitioned to the top phase. In the second step, the enzyme-
ligand bond was broken in the presence of a high concentration of phosphate, providing a
19-fold purification of the B-galactosidase in the saline phase in a procedure of just two

steps.
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CAPITULO 5

EXTRACTION AND PURIFICATION OF SOYBEAN PEROXIDASE (Glycine
max) BY AFFINITY PARTITIONING IN AQUEOUS TWO-PHASE

SYSTEMS
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SUMMARY

Combining two concepts in downstream processing this work investigated the
partitioning of soybean peroxidase (Glycine max) in ATPS by bioaffinity. A Hquid-lquid
extraction process using metal ligands was developed in two steps aiming to purify the
enzyme peroxidase. The phase diagrams (binedial curves) of convemtional systems
composed of polyethylene glycol (PEG 4000) and sodium sulphate and of PEG 4000 and
potassium phosphate were studied. PEG 4000 was activated using thionyl chloride,
covalently linked to iminodiacetic acid (IDA), and the specific metal ligand Cu*" was
attached to the PEG 4000-IDA. In the first step, the system was composed of 14% (w/w)
BEG 4000-IDA-Cu™ and 8% (w/w) Na;SO., and the peroxidase partitioned mainly to the
top phase (K = 24). In the second step, a system formed by 14% PEG 4000 and 10%
phosphate was used to revert the value of the partition coefficient of peroxidase to the
hottom salt-rich phase (K = 0.05), thereby achieving the purification and recovery of 60% of
the enzyme,
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INTRODUCTION

Partitioning in an ATPS (aqueous two-phase system) is a selective method used for
biomolecule purification (ALBERTSSON, 1986; KULA et al., 1982). The tendency for two
different aqueous polymers (polyethylene glycol and dextran) or a polymer and a lyotropic
salt to separate into two distinct phases in a common solvent has been recognized since the
end of the last century. For example, a mixture of sodium sulphate and polyethylene glycol
dissolved in water is turbid above certain concentrations and the two phases are in
equilibrium. The lighter phase is enriched in PEG while the heavier is enriched in salt
(Figure 1). A potentially useful method for protein extraction in downstream processing is
the use of metals as ligands in ATPS (BIRKENMEIER et al., 1991; SUH & ARNOLD,
1990). Partitioning using metals increases the selectivity of protein extraction in ATPS,

including proteins of clinical and industrial interest (WUENSCHELL ef al., 1990), and is a
simple and rapid procedure (FRANCO et al., 1997). The iminodiacetic chelator is coupled

by covalent binding to one of the phase-forming polymers; therefore its partitioning occurs
either into the top or into the bottom phase and the metal ions are loaded into the chelate
polymer. If the target protein to be isolated has an affinity for the metal ligand, the formation
of the metal-protein complex will alter the partitioning of a protein (KOPPERSCHLAGER,
1994; BIRKENMEIER, 1994).

T

=

=

S

w

% PEG phase
3 Salt phase

=

% Sodium sulphate ATPS

Figure 1. Binodial curve and tie-line of an aqueous two-phase composed of

polymer/salt.
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Proteins with histidine, cysteine and triptophane residues on the surface are favoured
for this technique (PORATH er al, 1975, SULKOWSKI, 1985, HEMDAN et ol, 1989,
CHUNG e al, 1994). The principle is based on the interactions betwesn these protein
surface-aceessible amino acids and the metal ions attached to a metal-chelating derivative of
polyethyleneglycol (PEG) (CHUNG & ARNOLD, 1991).

The advantages of using metals as ligands are: 1) they can be recycled many times
with insignificant loss in performance, 2) high metal loadings and therefore high protein
capacities can be attained, 3) product elution and ligand regeneration are achieved with
relative ease, 4) the cost of the metals used is low (ARNOLD, 19%1), 5) they are stable
under a wide range of solvent conditions and temperatures, &) their interactions with target
molecules are reasonably specific and 7) these imteractions are reversible under mild

conditions (CHUNG et af., 19%4).

Peroxidase (EC 1.11.1.7) is the enzyme most frequently used in the manufacture of
enzyme immunoassay kits (MIRANDA et al., 1995) and medical diagnosis kits (MIRANDA
& CASCONE, 1994). It is used in the enzymatic determination of glucose content,
especially for people suffering from diabetes {LOBARZEWSKI & GINALSKA, 1995).
According to EGOROV and GAZARYAN (1993), peroxidase can also be employed in
biosensors, the transformation of drugs, the production of chemicals, the degradation of
aromatic compounds and environmental control. POKORA (1995) reported the use of
peroxidase in processes for making a wide variety of chemical intermediates, as well as
formaldeyde-free phenolic resins. Another important class of materials produced by
peroxidase-catalysed reactions in organic solvents are the polyaromatic amines and

polyphenol synthesis (AKKARA et al., 1999).

Several methods for peroxidase extraction and purification, mainly involving ion-
exchange chromatography (SHANNON e7 al, 1966; LASCU ef al., 1986), hydrophobic
interaction chromatography (CHAVEZ & FLURKEY, 1984), atfimity chromatography using
concavalin A as the ligand (BRATTAIN ef af, 1976), monoclonal antibodies {(ELLING et
al., 1991) and partitioning (MIRANDA et af., 1998), have been deseribed.
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Affinity partitioning in ATPS offers a fast and selective alternative for extracting
enzymes with good applicability to. scale up and can replace some of the chromatography

steps in downstream processing.

This article reports on the feasibility of the extraction and purification of soybean
peroxidase, Glycine max, by metal affinity partitioning in ATPS.

MATERIALS AND METHODS
Material

PEG 4000 was purchased from Fluka (Switzerland), thionyl chloride from Aldrich
{Steinheim, Germany), iminodiacetic acid (IDA) and copper sulfate from Sigma (St. Louis,
MO, USA), and sodium sulphate, sodium bicarbonate and hydrogen peroxide from Merck
(Darmstadt, Germany). All other chemicals were of analytical grade.

Crude enzyme extract

Crude extract was prepared by crushing and drying the seeds of Glycine max PL1-
IAC. One g of defatted soybean flakes was mixed in 10 mM phosphate buffer, pH 8.0, for 2
hr at 4°C (1:25, wiw), then centrifugated at 5,000 g for 30 min. The supernatant was
mantained at 4°C,

Determination of binodial curve

The binodial curves of the ATPS composed of PEG 4000/sodium sulphate and PEG
4000/potassium phosphate were constructed according to BAMBERGER ef a/. (1985) and
ALBERTSSON (1986). Five grams of a concentrated stock solution {40% wiw) of
potasstum phosphate (or 20% w/w sodium sulphate} were put in a beaker with a magnetic

stirrer and stirred constantly. A solution of 30% (w/w) PEG 4000 was then added drop by
113
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drop to the flask. First a homogeneous mixture was obtained, but after a certain amount of
PEG had been added, one additional drop caused turbidity and a two-phase system arose.
The composition of the mixture was noted. Then deionized water was added drop by drop
until the mixture lost its turbidity. The composition of the mixture was again noted. More
PEG solution was then added and a two-phase system was again obtained. The composition
of the mixture was noted and more water was added to obtain a one-phase system and so on.
The procedure was followed in triplicate. In this way a series of compositions close to the
binodial was obtained, and the concentration of phosphate or sulphate plotied versus PEG
gave a binodial curve for the system. As a convention, the concentration of the compound
whose distribution favours the bottom phase is plotted as the abscissa, and the concentration

of the polymer which distributes into the top phase is plotted as the ordinate.

Determination of the tie-lines

The tie-line was constructed according to SNYDER e7 al. (1992). ATPS (45 g) were
made by weighing stock polymer solutions and dry salts in a 50 mi equilibrium cell. The
systems were mixed for 2 min and then separated at room temperature for 24 hr.
Approximately 500 mg of phase were weighed in a glass tube using an analytical balance.
Two volumes of water were added, and the solutions were shell-frozen in a mixture of dry
ice and acetone. A lyophilizer was used to sublimate water at absolute pressure of 133 Pa
for 24 h, after which the tubes were again weighed. The sample tubes were placed on the
surface of a hot plate at approximately 450°C for 5 days. The PEG was oxidized and
volatilized while the salt remained as a white ash. The tubes were repeatedly weighed until

the mass was constant.

Synthesis of PEG-IDA-Cu”"

The PEG-IDA-Cu®" were synthesized according to CHUNG et al. {1954).
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Activation of PEG 4000 with thionyl chloride

(D Solid PEG 4000 (30 gy was dried in vacuum at S5°C for 5 hr. Then 5.5 ml of
thionyl chloride was added, and the melt was reheated at 65°C for 5 hr. Excess thionyl

chloride was removed in vacuum, and the melt was dried (PEG-CI).

Attachment of IDA to PEG-(1

Twenty-five g of compound I (PEG-CI) were dissolved in 100 ml of water and 15 g
iminodiacetic acid (IDA) and 10 g potassium carbonate were added and mixed. The solution
was refluxed for 48 hr. Ten g of sodium sulphate were added to the hot reaction mixture and
allowed to cool and to separate into two phases. The PEG (top) phase was retained and
diluted to 120 ml with water. Solid impurities were removed by filtration through a 0.45 ym
membrane. The solution was ultrafiltred against 1% sodium bicarbonate and extensively

against water over a period of 48 hr and finally Ivophilized (IT).

Attachment of Ci** to PEG-IDA

Five g of compound T and 3 g of copper sulphate were dissolved in 5 ml water and

allowed to equilibrate for 24 hr. The solution was dituted to 20 mi, filtered through a 0.45
um filter and then ultrafiltred with 1,000 ml of water to remove the copper excess. The
contents (ITE) were lyophilized and used to prepare aqueous two-phase systems.

Agqueous two-phase system preparation

Aqueous two-phase systems were prepared according to FRANCO er al {1996).
They were prepared from stock solutions of PEG 4000 (50%, w/w), Na,S0, (20%, w/w) and
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potassium phosphate solution with KzHPO/KH,PO, (40%, w/w) with a motar ratio of 0.64.
Solid PEG-IDA-Cu™ was used to prepare the affinity ATPS. In the first step, the
compounds were mixed to form 8.0 g of a system having a final concentration of 10% PEG-
IDA-Cu** (compound III), 4% PEG-4000 and 8% sodium sulphate. In the second step, the
bottom phase of the PEG-IDA-Cu®'/sulphate system was discarded and replaced with a fresh
phosphate phase, pH 6.0. The composition system (6.0 g total weight) was 14% PEG 4000-
IDA-Cu®" and 10% Ko HPOL/KH,PO., pH 6.0 The system was mixed and centrifuged. In the
recycling of PEG-IDA-Cu®", the top phase of the PEG-IDA-Cu® fphosphate system was
collected and washed ten times with water by ultrafiltration and concentrated at the initial

concentration for reuse in the next cycle of purification.

Determination of enzyme activity and partition coefficient

Three hundred ul of enzyme extract were mixed with the PEG-IDA-Cu®"/sulphate
system, using a Vortex for 1 minute. Phase separation was achieved by centrifugation for 3
min. at 3,000 g, and the phases were carefully separated and the interface of each wbe
discharged. A known volume of each phase was transferred and the activity was determined,
Peroxidase activity was assayed according to TJISSEN (1985). The assay mixture contained
3.0 mi of 100 mM potassium phosphate buffer, pH 7.0, 50 pl of guaiacol and 50 yl sample
aliquots. The reaction was started by the addition of 40 pl of 8 mM hydrogen peroxide, and
the absorbance at 436 nm was recorded within 0-5 min. intervals. Activity calculations were

made as described by the above author,

The partitioning is described by the partition coefficient of the enzyme, K, which is
defined as the ratio of enzyme activity found in the top phase to that found in the bottom

phase at room temperature.

Enzyme aCtiVit}"wp phase
Kp=

Enzyme activit¥uotom phase
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Protein assay

The mamn contaminant protein concentration was determined by the dye-binding
technique of SEDMAK & GROSSBERG (1977). Fifty to 100 pl of the top phase were
transferred from each prepared system to a cuvette containing 2.4 ml of water and 1.0 ml of
Coomassie blue solution and mixed well, and the ODsos was measured in a
spectrophotometer, versus a blank which had 50 ul of a top phase of a system which has
been equally prepared without any sample. The blanks were done to correct the
interference of the phase components. The procedure was repeated for the bottom phase of
each system. A BSA standard curve was used to calculate protein concentration. The
partitioning of the main contaminant protein, Kp, was calculated as the ratio of protein in the

top phase to that i the bottom phase at room temperature.

[protein)io phase
KP =

[protein] betrom phase
Electrophoresis

SDS electrophoresis (SDS-PAGE) was carried out in 12% homogeneous gel
{LAEMMLI 1970). The gels were stained with Bio-Rad silver. The molecnlar mass markers
consisted of phosphorilase b (94 kDa), bovine serum albumin (67 kDa), ovalbumin {43
kD), carbonic anhydrase (30 kDDa), soybean trypsin inhibitor (20 kDa) and a-lactalbumin
{14.4 kIDa) available as a standard kit (Pharmacia Biotech).

Specific peroxidase activity (SA peror)

It is defined as the ratio of enzyme activity (U/ml) to total protein concentration
{mg/ml} and is expressed in U/mg of protein (equation 1).
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Enzyme activity
SApa'ox = ( I )

Protein concentration

Purification factor (PF)

The PF concept has been used in this work as a measurement of the purification
operations (FROUND 1995; SILVA ef al.,, 1997) and is defined as the ratio of the specific
peroxidase activity after a purification step to the initial specific peroxidase activity {from

the crude enzyme extract or from a previous purification step) {equation 2}.

S Apaex in the collected phase
PF = (2)
Initial SAperox

Recovery (R)

It is defined as the ratio of the enzyme activity of the aqueous phase after
partitioning to the total enzyme activity added to the system (equation 3).

enzyme activity of the phase
R (%) = 3)
total enzyme activity added to the system

Selectivity (5)

It is defined as the ratio of the partition coefficient of the enzyme, Ke, to the partition
coefficient of the protein, Kp.

Kg
8= {4)
Kp
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RESULTS AND DISCUSSION

Partitioning of peroxidase

In order to isolate peroxidase from the crude of the extract soybean enzyme, a metal
affinity system was investigated. Initially the affinity polymer was prepared by covalent
binding of IDA to the activated PEG 4000-ClL. Then the metal ion complex was prepared by
dissolving copper sulphate salt in the PEG-IDA stock solution. The metal-loaded chelate

PEG interacts with the accessible residues of histidine, cysteine and triptophane available

o

on the protein surface (Figure 1) (BRENA er al,, 1994).

Figure 2. PEG-IDA-Cu**-protein complex.

Preliminary experiments have shown that the soybean oil from the seeds inhibited the
binding of peroxidase to PEG-IDA-Cu®, therefore, the crude enzyme extract used was
prepared from oil-free crushed seeds. The enzyme extract contained proteins of several

different molecular masses in the range from 100 to 10 kDa, as it can be seen in Figure 3.
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Phosphorilase b — 94 kDa
Bovine Serum Albumin — 67 kDa el

Ovalbumin — 43 kDa
Carbonic Anhydrase — 30 kDa

Soybean Trypsin Inhibitor —20kDa %
a-Lactalbumin — 14.4 kDa &

Figure 3. SDS-PAGE gel electrophoresis of soybean peroxidase: a) marker proteins;
b) peroxidase (crude extract); c) soybean standard peroxidase, d)
peroxidase extracted without ligand, top phase of ATPS; e) peroxidase
extracted without ligand, bottom phase of ATPS.

When the enzyme extract was partitioned in the 14% PEG 4000 and 8% sodium
sulphate system without a metal ligand, the partition coefficient of peroxidase was 1.0 and
that of the main protein contaminants was 0.29, and 78% of the peroxidase activity was
recovered in the bottom phase (Table 1). By replacing 10% of the plain PEG 4000 by the
correspondent amount of PEG-IDA-Cu®’, the peroxidase K value rose to 24 (a 24-fold
increase), and the partition coefficient of the main contaminant proteins increased
approximately sixfold (K = 1.7) and the peroxidase yield was above 100% in the top phase,
indicating the preference of peroxidase for the IDA-Cu?". The amount of PEG-IDA-Cu®'
added to the system corresponded to about 71% of the total PEG content of the system.

In order to improve the purification of the peroxidase, the bottom sulphate-rich
phase of the above ATPS was discarded and a new phosphate phase was prepared. Binodial
curves and tie lines of PEG 4000/sodium sulphate and of PEG 4000/phosphate systems were
then studied in order to calculate how much of each component should be added to the

system.
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The binodial curve of the PEG 4000 and sodium sulphate, shows that the top phase
contained 31% PEG 4000 and 2.2% sodium sulphate and the bottom phase contained 1%
PEG 4000 and 13% sodium sulphate (Figure 4).

38
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Figure 4. Binodial curve and tie line for the 14% PRG 4000 + 8% sodium sulphate + water

system, at room temperature.

As a new PEG 4000/phosphate system, pH 6.0, had to be used in order to invert the
partition coefficient of the peroxidase by disrupting the interaction between the copper
complex and the enzyme, the top PEG-IDA-Cu®" phase was mixed with a stock phosphate
solution to give a final composition of 14% PEG-IDA-Cu * and 10% phosphate. According
1o the binodial curve and tie line (Figure 5), the new top PEG-rich phase contained 30%
PEG 4000 and 3% phosphate and the bottom phosphate-rich phase contained 2% PEG 4000
and 15% phosphate. However, as the top PEG-rich phase of the PEG 4000/sulphate system
was not washed or ultrafiltrated, the new PEG 4000-IDA-Cu**/phosphate system  still

cantained a low concentration of sulphate ion (< 2%). It was assumed that the binodial curve
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of the PEG 4000-IDA-Cu®/sulphate system was similar to that of the PEG 4000/sulphate

system.

34
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Figure 5. Binodial curve and tie line for the 14% PEG 4000 + 10% phosphate
(Ko HPO/KHPO, molar ratio 0.6} + water system, at room temperature.

COur studies showed that when the crude enzyme extract was partitioned in a 14%
PEG 4000 and 10% phosphate, pH 6.0, system, the peroxidase was collected into a salt-rich

phase and a Kg value of 0.05 was observed.

Therefore, the peroxidase, which had been previously extracted in the top-affinity
phase of the PEG-IDA-Cu®/sulphate system, partitioned to the salt-phosphate rich phase in
the second step. The dissociation of the enzyme from the affinity complex was performed by
the addition of the salt phase (10% phosphate, pH 6.0) to the top phase such that the

peroxidase was transferred to salt-rich phase.
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Table 1. Liquid-liquid extraction process of soybean peroxidase.

Systems Kg: Kp | R(%) SA PE 5
14% PEG 4000 - 1 029 78 29 1130 350
8% NazS504 (Bottom phise)
4% PEG 4000 | 0% PEG-IDA-Ca™ | 24 | 170 106 35 | 1.501 14
8% NaaSO4 (Top phase)
4% PEG 4000 | 10% PEG-IDA-Cu™ | 0.05| 76 64 3333 | 145 (7x 107
10% phosphate (Biottomn phase}
Recycle
4% PEG 4000| 10%PEG-IDA-CE™ | 2380 140| 85 §5 | 281 16
8% N2;80s

(Top phase)

Peroxidase activity = 13 U/ml
Protein concentration = 0,58 mg/ml

Specific activity = 23 U/mg

Tt was ohserved that 60% of the total peroxidase added to the first system was
collected in the bottom phosphate-rich phase in the second step partitioning. The purification
factor achieved was 145 and the selectivity of the system was 7. 107, indicating that Kp was
1,520 times higher than Kg. The peroxidase specific activity found in the phosphate phase
was 3,333 U/mg of protein. Figure 6 shows the SDS-PAGE of the affinity-purified
peroxidase preparations obtained after the ATPS. The protein contaminant bands and the
peroxidase band are shown at the top phase, and 106% of the peroxidase activity was
recovered in the first step. A clear electrophoretic band of peroxidase in the material
collected from this salt phase is observed. There are two other large bands corresponding 1o
protein of low molecular masses which appear in the same material. This figure also shows
that the comercial soybean peroxidase standard was more impure than the fraction obtained
in the first partitioning step.

The recycling of the top phase PEG-IDA-Cu®' was achieved by ultrafiltration. Table
1 shows that the partitioning of the peroxidase was not significantly affected by reusing this
phase for the third time.
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However, the comparison between the innumerable crude enzyme extract bands and
those found in the material collected from the second purification step clearly shows the

efficiency of the process developed.

Phosphorilase b — 94 kDa
Bovine Serum Albumin — 67 kDa

Ovalbumin — 43 kDa

Carbonic Anhydrase — 30 kDa

Soybean Trypsin Inhibitor -20kDa -

Figure 6. SDS-PAGE gel electrophoresis of soybean peroxidase: a) marker proteins; b)
peroxidase (crude extract), c¢) soybean standard peroxidase; d) peroxidase
extracted with ligand, top phase of ATPS; e) peroxidase extracted with ligand,
bottom phase of ATPS.

Several researchers have used the metal chelate IDA-Cu®' as the ligand attached to
solid supports in affinity chromatography to recover and purify other enzymes: however, the
use of this ligand in affinity partitioning is more easily scaled up than conventional affinity
chromatography. An important factor in the protein-metal interaction is the accessibility of

exposed histidine residues on the protein surface (PORATH ef al., 1975; BIRKENMEIER et
al., 1991; ARNOLD, 1991).

SESSA and ANDERSSON (1981) purified soybean peroxidase 628-fold by using a

sequence of procedures consisting of ammonium sulfate fractionation, gel filtration
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chromatography, ion exchange chromatography, affinity chromatography and hydrophobic
chromatography (SESSA & ANDERSSON, 1981), obtaining a yield of 4%.

CHAGA (1994) modified horseradish peroxidase by covalent coupling of L-histidine
to its carbohydrate moieties to recover it by affinity chromatography using metal as the
ligand. The immobilized metal ion could be recovered and used in five consecutive cycles.
The same approach was used in our preliminarily experiments to extract horseradish
peroxidase, soybean peroxidase and lactoperoxidase. Table 2 shows the partition coefficient
of the peroxidases attached to L-histidines. This approach was initially used because the
partition coefficients of lactoperoxidase and of horseradish peroxidase did not increase when
PEG was feplaced by PEG-IDA-Cu®’, T is suggested that the histidine, cysteine and
tryptophane residues of these Two enzymes were not available to interact with the affinity
ligands of the PEG-rich phase.

Table 2. Partitioning of three peroxidases attached to L-histidines in metal affinity.

Systems (%) Lactoperoxidase Horseradish  |[Soybean peroxidase
peroxidase
PEG |PhosphatePEGDACE  Kg | K | R(%)| K& R(%) Ku | Kr R (%)
13 9 - g.16 | 006 86 | 542 70 203 | 0.03 90
12 9 1 0.17 | 005 73 150 54 374 1 004 | 100
8 g9 5 0.18 | 0.93 95 180 53 37 1299 | 75
3 9 10 331 | L1 95 . - - - .

According to several authors (ARNOLD, 1991; ZHAO ef al., 1991), it is necessary to

have at least one accessible residue of histidine available to complex with the metai-chelate

polymer.

Peroxidase from brown algae has been purified by partitioning in conventional ATPS
(VILTER, 1990). A system made of 10% PEG 1550 and 15% carbonate, pH 11.8, was used

and a partition coefficient of 97 with a yield of 93% was obtained. According to this author,
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inactivation of peroxidase resulting from the treatment with potassivm carbonate at high pH

values was reverted when the enzyme was transferred into a vanadate containing Tris-buffer.

- The extractive purification of soybean peroxidase in a temperature-induced ATPS
system formed of Triton X-45, Triton X-100 and sodium acetate at pH 5.5 was developed by
MIRANDA ef ol (1998). A yield of 99% was obtained with a sixfold purification factor,
Affinity chromatography was used to purify the top phase of the system above, increasing
the purification factor 41-fold 28% vield of peroxidase.

CONCLUSIONS

A two-step extractive liquid-liquid process was developed with the objective of

purifying the soybean peroxidase.

In the first step, the system was composed of 4% PEG 4000, 10% PEG-IDA-Cu**
and 8% Na;80+ In this system the value of the partition coefficient of peroxidase was
increased 24-fold cornpared to the initial value in an ATPS without the metal ligand.

In the second step, a system formed by 4% PEG 4000, 10% PEG-IDA-Cu*’ and 10%
phosphate was used to revert the value of the partition coefficient of the peroxidase (K =
0.05), thereby achieving the purification and recovery of 60% of the enzyme. The
purification factor of the peroxidase in the phosphate phase was 145. Electrophoresis shows
that only three main bands appear in the material collected in the several extraction
processes. The purification procedure is alse possible by using a non-expensive salt-rich
phase composed of phosphate/sulphate. The experiments have also shown the possibility of
reusing PEG-IDA-Cu®” in two-phase systems at least for three times.
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RESUMO

Partic3o por afinidade usando metal como ligante pode ser empregada na extragio e
pnriﬁcég:ﬁo de proteinas, sendo que o metal mais comumente usado € o cobre na forma do
complexo IDA-Cu®, por ser estavel na presenga de elevadas concentragdes salinas, por
interagir especificamente com biomoléculas ricas em histidina, cisteina e triptofano, pela
facil reciclagem e baixo custo. A enzima lisozima foi utilizada como modelo em SDFA de
afinidade composto de PEG e fosfato de potassto, sendo o Cu*" utilizado como ligante, As
concentraches empregadas foram de PEG 4000 13% e fosfato de potassio 9% (m/m}), pH 7.0
nos SDFA sem o ligante. Em sistemas de afinidade, as concentragBes do PEG-IDA-Cy™
foram de 1, 5 e 10% e as concentracdes de PEG 4000 foram de 12, 8 e 3%, respectivamente,
sendo que a concentracao do fosfato permanecen em 9%. O valor do coeficiente de particio,
K, foi aymentado 9 vezes quando PEG-IDA-Cu™ 5% foi usado nos SDFA de afinidade com
rendimento de 45% da lisozima. Este € um trabatho pioneiro de extragio de lisozima por

partigio em sistema de duas fases aquosas usando metal como ligante.

USE OF MODIFIED POLYETHYLENE GLYCOL IN LYZOZYME
PURIFICATION IN AQUEOUS TWO-PHASE SYSTEMS

ABSTRACT

Metal affinity partitioning in aqueous two-phase systems (ATPS) is a useful tool to
extract the proteins which have accessible histidine, cysteine or tryptophan on their surfaces.
Soluble chelating polymer prepared by covalent attachment of metal-chelating groups to
PEG (PEG—IIDA-CuZ':) have been mostly emploved for the extraction and separation of
different proteins by ATPS.

This work investigated the extraction of the model protein lyzezyme in PEG
4000/phosphate system, pH 7.0, in the presence and in the absence of PEG-IDA-Cu®". The
composition of systems without ligands was 13% PEG 4000 and 9% phosphate. The

concentrations of PEG-IDA-Cu®” in the affinity systems were 1, 5 and 10% and PEG-4000
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concentrations were 12, 8 and 3%, respectively, and the phosphate concentration remained
9%, The partition coefficient, K, of the lyzozyme increased 9 fold when 5% PEG-IDA-
Cu®" was used and 45% of the enzyme was recovered in the top ligand-rich phase of the
systém. This 1s a pioneer work on liquid-liquid extraction of lysozyme in ATPS with PEG-
IDA-Cu™",

Key words: agueous two-phase system, lysozyme, downstream-processing, affinity.
ABREVIACOES

SDFA - Sistema de Duas Fases Aquosas
IDA - Acido Iminodiacético

PEG -~ Polietilenoglicol

K — Coeficiente de Partigiio

PEG-IDA-Cu”™ - Complexo polimero-ligante

INTRODUCAO

A extragio ¢ o isolamento de protefnas apos fermentagdo em larga escala ou
provenientes de uma suspensdo de células sio problemas criticos da biotecnologia moderna.
Eles representam a maior parte do custo do processo de producio de uma molécula bioldgica
e um ganho de competitividade dependera nidio sé das movagdes da biologia molecular,
imunologia e outras 4reas de ciéncia bésica, principalmente inovagles e otimizacBes de
processos pos-termentativos (“downstream processing™). Particio em sisterna de duas fases
aquosas (SDFA) ¢ um método usado para purificacio de biomoléculas {Albertsson, 1971;
Kula er al, 1982), tendo sido empregado por fornecer um meio adequado e ndo agressivo a
materiais biolégicos visto a maior parte do sistema ser constituida por 80% a 90% de agua
(Albertsson & Tjerneld, 1994).

Os primeiros sistemnas PEG/sais a serem utilizados pela inddstria preparadora de
enzimas foram os contituidos de PEG/fosfato (Kula, 1979; Hustedt er al, 1983). Entretanto,
com o objetivo de minimizar a poluigio ambiental, diferentes maneiras de reciclar os sais

foram desenvolvidas. Além de fosfato, outros sais podem ser empregados em SDFA tais
i3s
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como sulfatos e citratos. Polimeros neutros ou carregados (ex. dextrana) formam duas fases
com polietilenoglicol, sendo estes sistemas extensivamente utilizados em purificagdo e
extra¢do de biomateriais (Franco ef al., 1996).

Uma maneira de aumentar a seletividade de uma biomolécula é o uso de ligantes
acoplados a uma das fases formadoras do sistema. Um método potencialmente util para
extragdo industrial de proteinas, incluindo as de interesse clinico e industrial (Wuenschell ef
al, 1990) ¢ a utilizagio de metais como ligantes em SDFA (Birkenmeier et al/, 1991; Suh &
Arnold, 1990), por aumentar a seletividade da particio das mesmas. Este processo
fundamenta-se na combinagdo da propriedade de reconhecimento de biomoléculas pelo
ligante e a partigdo em SDFA das mesmas. O ligante € acoplado covalentemente a fase rica
em polimero, e portanto sua parti¢do ocorre em dire¢do a fase superior de menor densidade
(Figura 1). Se a biomolécula a ser isolada tiver afinidade pelo ligante, a formacdo do
complexo ligante-biomolécula induzira a alteragdo do coeficiente de particdo da proteina

para aquela fase enriquecida no ligante (Kopperschlager, 1994).

Figura 1. Fotografia de um sistema de duas fases aquosas constituido por 8% PEG-
4000, 5% PEG-IDA-Cu*" e 9% fosfato, pH 7,0. Fase superior é

enriquecida em PEG-IDA-Cu®’ e fase inferior é enriquecida em fosfato.
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As vantagens do uso de metais como ligantes sdo: 1) podem ser reciclados diversas
vezes com insignificante perda do comportamento, 2) elevada concentracdo de metal
imobilizado, consegitentemente com elevada capacidade de “atragho” da proteina, 3}
reiatival facilidade de desacoplamento da proteina e regeneragdo do ligante, e 4) baixo custo
dos metais {Arnold, 1991).

A ativacio do PEG se d4 através do cloreto de tionila seguida pelo acoplamento do
4cido iminediacético (IDA}, formando o complexo PEG-IDA, o qual age como guelante do
ion cobre (Figura 2). O acido iminodiacético € um quelante tridentade, ccupando 3 sitios de
coordenacio do metal. O uso de PEG-IDA-Cu™ em SDFA aumenta seletivamente ¢
coeficiente de partigio de determinadas proteinas (K), direcionando a proteina alvo para a
fase enriquecida em PEG, dependendo do niimero de residuos de histidinas acessiveis

presentes na superficie desta proteina (Wuenschell ef al, 1990},

Proteina

el
>\ " ’
N NHQ/
N

Figura 2. Sitio de ligagio entre a proteina contendo histidina e o PEG-IDA-Cu™".

Lisozima {muramidase E.C. 3.2.1.17) é uma enzima antimicrobiana produzida por
bactérias, plantas, Insetos, aves ¢ mamiferos e hidroliza preferencialmente a ligagdo
glicosidica B-1-4 entre o 4cido N-acetilmurimico ¢ N-acetilglicosamina, presente na parede

cefular de certos microrganismos, tal como o Micrococcus lysodeikticus (Macak, 1995).
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A fonte comercial mais significativa da lisozima ¢ a clara de ovo de galinha
{Cunningham er al, 1991). Aplicacio potencial da lisozima & inddstria de alimentos, tem
sido descrita na literatura (Padgett ef al, 1998), por ser uma fonte segura para o consumo
humano além de ndo causar problemas de poluicio ambiental. A indastria de alimentos
uttlizaria a lisozima na prevengdo do crescimento de microrganismos patogénicos por atuar
como agente bacteriostatico, especialmente em carnes e laticineos (Guchte ef af, 1992:
Fuglsang et al, 1995), pois esta enzima destroi formas vegetativas de bactérias,
especificamente Clostridium tyrobutyricum e parede celular de certas bactérias. Pesquisas
mostram que esta enzima pode ter aplicagio em veteriniria, alimentagio infantil e animal,
além de possuir atividade contra infecgdo por HIV-1 (Lee-Huang ef al, 1999),

Com o objetivo de estadar a redugiio do nimero de etapas extrativas da lisozima,
convencionalmente purificada por cromatografia (Igonina ef al., 1998, Awade & Efstathiou,
1999} e minimizar o custo final do processo de purificacio, este trabatho mvestigou a
particdo em SDFA de afinidade, considerada uma técnica de elevada resolucio, utilizando o
sistema PEG-IDA-Cu**/fosfato.

MATERIAL £ METODOS

MATERIAL

Os reagentes e sais utilizados nos experimentos foram adquiridos conforme descrito
a seguir: PEG 4000 (Fluka, Suiga), cloreto de tionila (Aldrich, Steinheim, Alemanha), acido
iminodiacético (IDA), sulfato de cobre e lisozima de clara de ovo {Sigma, St. Louis, MO,
USA), carbonato de potassio, sulfate de sodio e bicarbonate de sodio (Merck, Darmstadt,
Alemanha), membrana de filtragdo 0,4 pm (Sartorium, Goettingen, Alemanha), membrana
de ultrafiltragio YMI Cut-off 1000 (Amicon, Beverly, MA, USA), kit proteinas padrées
LMW (Pharmacia Biotech, Uppsaia,'Suécia),
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METODOS
Sistema de Duas Fases Aquosas

(s sistemas de duas fases aguosas foram preparados de acordo com Franco e7 al.
(1996). Solucies estoques de fosfato KHPO/KHPO, 40% (w/m) (relagho molar = 0,64}
pH 7.0 e de PEG 4.000 50% {(m/m) foram preparados sob agitagio magnética até completa
solubilizagdo. Os SDFA contendo o ligante foram preparados pela mistura de PEG 4000,
PEG-IDA-Cu?" ¢ sal pH 7,0 em diferentes concentragbes. Foram preparados 3 sistemas de
afinidade, sendo a concentracio final de PEG-IDA-Cu®" de cada sistema de 1, 5 ¢ 10%. Os
sistemas foram preparados em duplicatas em tubos graduados de centrifuga de 10 mi
contendo 2 g. Apds a adigo da lisozima (47.000 U) os tubos foram centrifugados a 3.000 g
por 5 munutos. Aliquotas foram retiradas das duas fases para determinacdo da atividade
enzimatica. O coeficiente de partigio (K) da enzima foi calculado como a relagio entre a

atividade enzimatica determinada nas aliquotas retiradas de ambas as fases:

Ativ. enzimatiCase superios
K o=

Ativ. enzimaticasse inferior

A determinagio da atividade da lisozima foi realizada de acordo com Decken (1977).
Foram adicionados 0,006 g de Micrococcus Futens (Sigma, St. Louis, MO, USA) tiofilizado
4 uma solugiio de 30 ml detampdo fosfato 0,067 mol/l contendo NaCl 0.0154 moV/i, pH 6,5,
A reagio foi iniciada pela adigio da solug@o de lisozima ¢ a absorbdncia anotada em
intervalos de 30, 120 e 210 segundos. Uma unidade ¢ definida como a guantidade de enzima

capaz de provocar uma diferenga de absorgdo de 0,001/minuto & 450 nm.

Ativacio do PEG com Cloreto de Tionila (PEG-C1)

solugdo 1 - 30 g de PEG 4000 foram aquecidos a 55°C sob vacuo por 5 horas e entdo

5.5 mi de cloreto de tionila foram adicionados e reaquecidos a 65°C por 5 horas. Em
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seguida, o excesso de cloreto de tionila foi removido por destilagio a vicuo em rota-
evaporador e o produto (PEG-CI) foi cristalizado pela adigdo de 200 ml de etanol e resfriado
a ~20°C e postertor filtragio a 4°C.

Acoplamento do IDA ao PEG-Cl

A solugdo 1 (PEG-CI) foi adicionada a 100 mi de agua destilada, acrescentado 15 g
de IDA e 10 g de carbonato de potassio. Esta solugdo foi mantida sob refluxo por 48 horas a
100°C. A seguir, foram adicionados 10 g de sulfato de sddio na mistura ainda quente e as
fases separadas em funil de separagio. A fase superior foi coletada (PEG-IDA ~ solugdio Be
diluida a 120 ml de 4gua destilada. Esta solucdo foi filtrada em membrana Millipore 0,45
pm para remogdo de impurezas sélidas ¢ a seguir ultrafiltrada em membrana YM1 (Cutt-off
1000) Amicon e lavada com solugéo de bicarbonato de sodio 1%, 0.5% e dgua durante 48

horas, para remogfio do excesso de IDA e entdo liofilizado.
Acoplamento do metal Cu*" a0 PEG-IDA

O acoplamento do metal a0 PEG-IDA foi realizado de acordo com Chung et ol
(1994). Cinco gramas de PEG-IDA foram dissolvidos em 5 m! de agua destilada e 3 g de
sulfato de cobre foram adicionados e mantidos em equilibrio por 24 horas. Esta solucio
(solucdo 3) foi diluida a 20 ml filtrada em membrana Millipore 0,45 pm e entdo lavada por
ultrafiltragdo com 1.000 ml de 4gua para retirada do excesso de cobre © entdio o material foi

Iwofilizado.
Eletroforese

Eletroforese em gel de poliacrilamida (SDS-PAGE) 12% em condi¢cdes desnaturanies
foi realizada segunde LAEMMLI (1970). O gel foi revelado com uma soluciio de Coumassie
Biue G250 (0,2% p/v) em H,50; IM e misturada com KOH 10 M {9:1 viv), Foram

utilizados os seguintes marcadores de massa molecular: fosforilase b (94 kDa), sore bovina
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albumina (67 kDa), ovoalbumina (43 kDa), anidrase carbOnica (30 kDa), inibidor tripsina
(20 kDa) e a-lactalbumina (14,4 kDa) disponiveis em kit (Amerscham Pharmacia Biotech).

RESULTADOS E DISCUSSAO

Os SDFA sio utilizados para extragdo e purificagio de proteinas de elevado valor
biologice, devido a redugdio do custo operacional em relagio a processos convencionais e
possibilidade de integraciio aos mesmos, além da possibilidade de operagéo continua e
controle facilitado. Outras caracteristicas desejaveis destes sistemas s3o a diferenca de
densidade entre as fases, o fato dos polimeros serem pouco toxicos e serem biodegradaveis.

Inicialmente, para o acoplamento covalente de um ligante bioespecifico ao polimerc
PEG, & pecessario gue os grupos hidroxilas deste polimero sejam substituidos por grupos
mais reativos, o que foi feito pela ativagio do PEG com cloreto de tionila. Numa segunda
etapa, 0 PEG-Cl reagiu covalentemente com o IDA e a seguir com sulfato de cobre,
produzindo o polimero de afinidade PEG-IDA-Cu™".

A Tabela 1 apresenta os resultados da partigio da lisozima na presenga e na auséncia

do ligante PEG-IDA-Cu*” em SDFA.

Tabela 1. Coeficiente de partigio da lisozima em SDFA composte de PEG 4000 e fosfato,

pH 7.0
Recuperagic da
Sistemas K enzina lisozima K/Ko
(%)
13% PEG 4000 - 0,4 68 1,0*
9% fosfato (fase inferior)
12% PEG 4000 | 1% PEG-IDA-Cu” | 0.8 47 2.0
9% fosfato (fase supertor)
8% PEG 4000 | 5% PEG-IDA- 3.4 45 85
1 9% fosfato Cu’” {fase superior)
3% PEG 4000 10%  PEG-IDA- 37 51 9.3
9% fosfato Cu®’ {fase superior)

* Auséncia de ligante

O parametro K/K caracteriza o aumento do coeficiente de particao da lisozima, onde
K = coeficiente de particio em um sistema de afinidade € Ko = coeficiente de partigdo em

um sistema sem Ligante. 141
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Foi observado um aumento no coeficiente de parti¢do da lisozima de 9,3, 8,5 ¢ 2,0
vezes em sistemas compostos de 10%, 5%, 1% de PEG-ligante, respectivamente, em relagao
ao sistema que ndo possui o ligante PEG-IDA-Cu®". Ao se comparar os sistemas contendo 5
e 10% de PEG-IDA-Cu®’, pode-se observar que a diferenga entre os valores de K/K, € pouco
significativa, sugerindo que a concentragdo de 5% de ligante naquele sistema ja era
suficiente para extrair aquela quantidade de enzima adicionada. Entretanto, ao aumentar a
concentragdo de lisozima ao sistema, maior concentragdo do ligante seria necessaria.

Quando a lisozima foi adicionada ao SDFA formado por PEG-4000 13% e fosfato
9%, sua partigdo se deu em diregdo a fase inferior. A presencga de 1% de ligante no mesmo
sistema teve pouca influéncia na parti¢do da enzima. Na presenca de concentragoes mais
elevadas de ligante, a partigio da lisozima foi aumentada significativamente para a fase
superior.

A Figura 3 representa um gel eletroforético em poliacrilamida em condig¢des
desnaturantes (SDS-PAGE) de amostras coletadas do SDFA na presenga e na auséncia de

PEG-IDA-Cu*".

1 2 3 4 o 6
Fosforilase b — 94 kDa ]
Soro bovina albumina — 67 kDa gl
Ovalbumina — 43 kDa g

Anidrase carbdnica — 30 kDa W

Inibidor Tripsina — 20 kDa o
o-Lactalbumina — 14.4 kDa - UG e e

Figura 3. Eletroforese em gel de poliacrilamida (SDS-PAGE) em condigdes desnaturantes.
1) marcadores moleculares; 2) lisozima comercial; 3) fase superior coletada do
sistema na auséncia do PEG-IDA-Cu®"; 4) fase inferior coletada do sistema na
auséncia do PEG-IDA-Cu*"; 5) fase superior coletada do sistema na presenca de
PEG-IDA-Cu®*" e 6) fase inferior coletada do sistema na presenga de PEG-IDA-
Ccu?’.
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A coluna 3 do gel eletroforético representa 2 fase superior do sistema sem PEG-IDA-
Cu**, enquanto que a coluna 4 representa a fase inferior do mesmo sistema, evidenciando
que a lisozima particiona-se preferencialmente na fase enriquecida em fosfato na auséncia
do liga_nte 1o sistema. Entretanto, quando o sisterna de afinidade € usado, a hisozima
particiona-se para a fase enriquecida em PEG-IDA-Cu®", como pode ser visto na coluna 5
(fase superior) e coluna 6 (fase inferior).

Pode-se observar a inversio do K da lisozima, isto €, a enzima que € naturaimente
coletada na fase inferior foi extraida na fase oposta na presenga do ligante. Em um processo
real de separagdo da Hsozima dos demais contaminantes naturals presentes na clara de ovo, 4
lisozima seria seletivamente coletada na fase superior e os demats contaminantes seriam
coletados na fase inferior, demonstrando a excelente capacidade de separagao deste método.

A afinidade de uma enzima ao ion cobre ¢ aumentada quando a proteina possi
residuos de histidina, cisteina e triptofano na sua superficie {Arnold, 1991). O principio estd
haseado na interacio destes aminoacidos presentes na superficie da proteina e metal ligado
a0 PEG (Chung & Arnold, 1991). A lisozima apresenta residuos de histidina localizadas na
sua superficie (Zhao ef al, 1991), e dependendo da fonte da enzima (espécie de ave) este
siumero varia entre O & 4. Segundo estes autores, a lisozima de clara de ovo possui um

cesiduo de histidina, condiciio necessaria para ocorrer a interagao enzima-metalo-ligante.

CONCLUSOES

O uso pioneiro de SDFA por afinidade usando PEG-IDA-Cu® como ligante para
extragiio de lisozima € descrito neste trabalho, embora, o uso de metalo-ligantes em SDEA
j4 ser fregilentemente utilizado para purificagdo de cutras biomoléculas de elevado valor
comercial e tecnolégico. E possivel extrair a lisozima em SDFA por afinidade contendo
PEG 4000 8%, PEG-IDA-Cu® 5% e fosfato 9%. O coeficiente de partigdo da lisozima teve
um aumento de § vezes em sistema contendo 10% de PEG-IDA-Cu”’, obtendo 51% de
recuperagio na fase superior. A otimizagao das condicBes de extracio da lisozima de outras
fontes que também possuam histidina em sua superficie, podera conduzir a melboria do

rendimento e do fator de purificaco.
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METODOS DE ATIVACAO DO POLIETILENOGLICOL ({PEG) PARA
PURIFICACAO DE ENZIMAS POR BIOAFINIDADE

FRANCISCO A.T. PIZA % MARIA ESTELA DA SILVAY,TELMA T. FRANCO®
LCPQBAAUNICAMP/FEA 2CPQBA/UNICAMP

Caixa Postal 6171 - CEP 13081-970 Carmpinas SP

Resumd

O uso de ligantes bioespecificos acoplados a polimeros soliveis {polietilenoglicts - PEG) tem sido
empregado para a recuperacdo de enzimas por particho em sistemas duas fases aquosas (SDFA)}. Estes
polimeros 530 POUCO realivos & NECessitam ser ativados para posterior acoplamento do higante, especifico
para 3 enzima a ser purificada A aplicagio de SDFA em “downstream processing” € simples, podendo ser
realizada com eguipamentos convencionais de processos de extragZo Hguido-iguido. Com o innito de
diminuir o custo dz obtengdo de polimeros acopiados 2 ligantes, este trabalho investigou os principais
mecanismos de ativagio do PEG. '

1. INTRODUCAQ

A literatura relata as principais vantagens da utilizagiio dos sistemas Hquido-liguide de duas fases
aquosas {SDFA} na extragio ¢ purificagio de proteinas  possibilidade de imegracio 20 processe, operagdo
continua, controle de processo facilitado e menor custs. A figura 1 representa o sistema de duas fases aguosas.

Estes sisteras s& utilizados principalmente para ¢ enriquecimento da proteina desejada (Malvo™} em
uma das fases ou para concentragio dos residues celulares nas primeinas etapas do processo. (s contammiranes
rzis comuns {pigmentos, acidos nucléicos, sutras proteinas, polissacarideos} podes ser removidos por particdo
na fase oposta & fase enriquecida na proteina alvo,

Para tomar o Sisternz mais econdmice, @ massa celular processada deve ser mixima possivel
cudando-se para evitar o deslocamento o equilibrio entre as fases £ 2 diminigds da eficiéneia da separagio.
Algumas vezes poderd ser necessiria mais do que uma etapz de separagdo envolvende SDFA mo saso da
proteina alvo ser ooletada na fase superior ¢ a maior parte dos contaminantes na inferior. A segur, numa
segunda etapa, adiciona-se uma fase de compesiglo diferente 2 fase enriquecida na proteing alvo, produzingo
um SDFA completamente diferente, onde a proteina alvo poderd ser coletada, desta vezma fase infenor 4 com
uito menas contamunantes. Cravas etapas podem ser nacessérias para methor purificagio, no entanto, o
geral, i mais que wés etspas, Ao Sim do processo extrative o polimero e 2 fase salima poderio ser rericlados
{1,2)

A seletividade dos SDFA pode ser significativamente sumentada com o uso de higantes bioespecificas
asoplades ou ndo ao componsnte (fase} menos polar, A maioria dos contaminantes serd coletada na fas2 mais
polar enquamo que a proteina alvo serd enriquenida na fase mencs polar contendo ¢ figamte, s hganies
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atilizados podem ser especificos pars wima determinada proteina {subswato, mibidores, anticorpos, proteing A}
on especificos para um grupo de proteinas {wfm&s,_._mm de iwazing). Ao fim do processo os Ligantes
podem ser retirados por wltrafilivaclo, permescao em.gei. ou--fnesm por pa:tzgéa nos sistemas de duas fases
sguosas {2).

Com o muwito de diminuir o custo da obtengdo de polimeres scoplados 2 tigantes bivespecificos,

este trabatho investigou o3 principals mecanismes de ativago do FEG.

.

Figurs 1. Sistema de Duas Fases Aquosas.

2. PARTE EXPERIMENTAL

A obtenglio dos polimerps acoplados a ligantes bioespecificos envolve as seguintes etapas de
reagio |

PEG + Ativador —+ PEG-Ativador

PEG-Ativador + Ligmte ~—» PEG- Ligante

Uma caracteristica .impartame do grupo ativador £ z Facilidade de deslocamento pelo agente

mucleoffiico (gante} na etapa subsequente.

Z.1. Ativacio com cloreto de tresia

Polietienoglicot 4000 foi dissolvide em diclorometanao contendo piridina ¢ cloreto de wesila A
reacio foi realizada sobr agitagio constante per 15 h. O diclorometano foi removido por pressiio redurida
e o solido obtido (TPEG) foi mantido em dessecador 4 vicuo & temperaturs ambiente. U TPEG foi em
sesida lavado com HCletanol (3 vezes) e apéé, mantido em dessecador & vicuo & temperatura ambiente
{3). A ativaglo quimica do PEG com cloreto de tresila ¢ subsequente acoplamento a0 APGP (figants)
estio represenados na Figura 2.
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Blietienoplice - PE Clareso e ThesTia

¥ N\

EOH S OCHCH) CROHLE, < o CH{OH (Hy OBO,CHCE +HO

M din=ilah PG omnotresilady
FOHSOR EFIH
APCR ;
= -
APGRCY) A0 oy,

‘*‘z‘@\s =l

H
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Figura 2. Ativagio do PEG com clorets e tresila & acoplamento subsequente do  ligante APGP.

2.} Ativacio com clareto de tionils

Polictilenoglicol 4000 foi aquecido 4 65°C e adicionado cloreto de tionila & o meio reacional o
mantido & 63°C por 5 boras. Em seguida o excesso de cloreto de tionita foi destilado & vicuo ¢ o produtc
foi cristalizade pela adigio de etano! e resfriamento. Apds filtragio em funil de Biichner o produto foi seco
e esnafs & vicuo (4}

Polietilenoglicol 4000 e piridios foram obtidos da Labsynth, Diadema- 3P, Brasil, dorelc de tresii
da Sigma, St. Louis, MO, EUA; clereto de tiondla da Vetee, Dugue de Caxdas, RY, Brasil; acido clioridrico,
esanot e diclorometanc foram obtidos da Merck, Rio de Janeiro, BRI, Brasil.

Anatise espectrofotométrica no LV foi realizada em equipamento Perkin Elmer 1600 Series FTLR. .
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3. RESULTADOS E DISCUSSAO

3.1 Avaliacio do rendimento da ativaciio com clorets de tresila

A analise de enxofre foi utilizada para determinar a ativagiio do PEG 4000, Pars 1009 de
arrvacdo, o teor de enxofre & 0,85% (nvm). Através de andlise de enxofre do produto obtido. o teor
de enxofre de 0.63% corresponde a 74% de ativacio. A Iferatura (3, 5) cita rendimentos de 65-

T3%% ¢ 80%, respectivamente,

3.2 Avalacio do rendimente da ativacio com cloreto de tienila

( rendimento obtido i de 87% (mym). Para caracterizacio do PEG ativado o3 utilizado
espectrofotometria de infra-vermetho. A figure 3 representa o especire da amostra de PEG 4000 e
PEG 4000 ativado, respectivamente. As hidroxilas sdo caracterizadas na regiio de 3400 cm™,
devendo no entante, estar ausente no PEG 4000 ativado, A observago do especiro da amosita de
PEG 4000 ativado ndo demonsirou a suséncia das hidroxilas. que pode ser resultante de
guantidades minimas de umidade durante 4 preparagdo da ampstra. No momento, métodos para

determinagio de cloreto estio sendo avaliados. A literatura {4} cita rendimentos de 90%,

T
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4. CONCLUSOES

Os rendimentos cbiides 1z ativagho do polietilenoglicol 4000 cam cloreto de tomla ¢ cloreto de
tregils foram bastante satisfatdrios, obtendo-se yalores muite proximos & Heranma Essas resgles serlo
otimizadas visando melhorar os rendimentos, A avafiagio do rendimerio tzmbém € importante n2 etapa

subsequente de acopiamento dos Hgantes, o qual serd avelisdo posteriormente.
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Anexe

1. Acoplamento de histidina a peroxidase

O acoplamento de histidina & peroxidase foi realizado segundo CHAGA (19%94). Uma
g de periodato de potassio foi adicionada 4 uma solugdo de 30 ml contendo peroxidase. Esta
solugiio foi agitada por 1,5 hora na auséncia de luz. O excesso de periodato de potéssio foi
removido em 50 mM fosfato s6dio/0,15 M NaCl, pH 7, em uma coluna contendo Sephadex
G-25. A modificacio foi realizada adicionando-se 1 g de L-histidina nesta soluglio por th
para equilibrar a amostra. Apés a modificagio esta solugdo foi lavada com tampdo fosfato 50
mM pH 7 e entdo particionada nos SDFA. Segundo CHAGA (1994) o meétodo da
modificagdo da peroxidase é simples e foi aplicado 4 imobilizagio de peroxidase de nabo a
suporte solido. O mesmo procedimento para acoplamento da histidina & peroxidase descrito
por este autor foi empregado para a peroxidase de soja, peroxidase de nabo ¢

lactoperoxidase.
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