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RESUMO

As enzimas L-asparaginase do tipo II catalisam a hidrélise de L-asparagina a L-
aspartato e amOnia e, em menor quantidade, a hidrélise de L-glutamina. Escherichia coli e
Erwinia chrysanthemi sdo as principais origens das L-asparaginases II utilizadas como
agentes terapéuticos no tratamento da leucemia linfobldstica aguda infantil. Entretanto, sua
atividade de glutaminase tem sido relatada, causando graves efeitos colaterais. Felizmente, a
L-asparaginase II obtida de Erwinia carotovora possui baixa atividade de glutaminase,
representando uma importante terapia alternativa. Neste trabalho € descrita a clonagem,
expressao, purificacdo e determinacdo dos parametros cinéticos em estado estaciondrio para
duas construcdes de L-asparaginase II de E. carotovora: com (AspSP) e sem peptideo-sinal
(AspMP). AspMP foi purificada a homogeneidade por um protocolo de uma etapa com 81%
de rendimento, enquanto que AspSP por um protocolo de duas etapas com 35% de
rendimento. Os valores de K, e k., para as atividades de L-asparaginase e de L-glutaminase
foram determinados para ambas as proteinas. A andlise de especificidade para os substratos
indicou que a L-asparagina é o melhor substrato que a L-glutamina para a AspSp quando
comparado a AspMP. Entretanto, a AspMP € produzida por um protocolo de purificagdao
simples que fornece um alto rendimento da enzima. Este processo pode ser adaptado para uma

producdo em larga escala e ser interessante para as pesquisas e companhias biofarmacéuticas.

Palavras-chave: L-asparaginase II; E. carotovora; Expressao heter6loga; Terapia anticancer;

Proteina terapéutica.



ABSTRACT

L-Asparaginase type Il enzymes catalyze the hydrolysis of L-asparagine to L-aspartate
and ammonia, and to a lesser extent the hydrolysis of L-glutamine. Escherichia coli and
Erwinia chrysanthemi are the main sources of L-asparaginases II used as therapeutic agents in
the treatment of acute childhood lymphoblastic leukaemia. However, their glutaminase
activity has been implicated in causing serious side effects. Fortunately, L-asparaginase II
from Erwinia carotovora has significantly lower glutaminase activity and may represent an
important alternative therapy. Here we describe cloning, expression, purification and
determination of steady-state kinetic parameters for two constructs of E. carotovora L-
asparaginase II: with (AspSP) and without the signal peptide (AspMP). AspMP was purified
to homogeneity by a single-step protocol with 81 % yield, and AspSP by a two-step protocol
with 35 % yield. The K,, and k., values for L-asparaginase and L-glutaminase activities were
determined for both proteins. Analysis of specificity for competing substrates indicates that L-
asparagine is a better substrate than L-glutamine for AspSP as compared to AspMP. However,
the latter is produced by a simpler purification protocol and at higher yield. This process can
be amenable to large scale production and be of interest to researchers and biopharmaceutical

companies.

Keywords: L-asparaginase II; E. carotovora; Heterologous expression; Cancer therapy;

Therapeutic protein.



ABREVIACOES

ALL - Leucemia Linfobléstica aguda

E. coli — Escherichia coli

E. carotovora — Erwinia carotovora

E. chrysanthemi — Erwinia chrysanthemi

IPTG - Isopropil B-D-tiogalactopiranosideo

kDa — quilo Dalton

LB — Meio de cultura Luria - Bertani

lon — gene que codifica uma protease dependente de ATP
omp T — gene que codifica uma protease de membrana
ODgop — Densidade 6tica a 600 nm

PCR - Reacdo em cadeia da polimerase

RNAm - RNA mensageiro

RNAt — RNA transportador

rnel31 — gene que codifica uma enzima RNase

SDS — Dodecil Sulfato de Sédio

SDS-PAGE - Eletroforese em gel de poliacrilamida com dodecil sulfato de sédio
TB — Meio de cultura Terrific Broth
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1. INTRODUCAO

1.1 Leucemia Linfoblastica Aguda

A leucemia € uma doenga maligna dos glébulos brancos (leucécitos), que tem como
principal caracteristica o acimulo de células jovens (blastos) anormais na medula dssea,
substituindo as células sangiiineas normais. Os principais sintomas da leucemia decorrem do
actimulo destas células na medula 6ssea, prejudicando ou impedindo a producdo dos glébulos
vermelhos, dos glébulos brancos e das plaquetas, causando anemia, infec¢cdes e hemorragias,
respectivamente. Depois de instalada, a doenca progride rapidamente, exigindo com isso que
o tratamento seja iniciado logo apds o diagndstico e a classificagdo da leucemia, porque ao
nado ser tratada € rapidamente fatal (http://www.inca.gov.br).

Segundo as Estimativas de Incidéncia de Cancer no Brasil em 2006, publicadas pelo
Instituto Nacional de Cancer (INCA), as leucemias atingiram cerca de 5.330 homens e 4.220
mulheres (http://www.inca.gov.br). O tipo de leucemia mais freqliente em criancas € a
leucemia linfoblastica aguda (Acute Lymphoblastic Leukemia — ALL), enquanto que a
leucemia mieléide aguda é mais comum nos adultos (http://www.inca.gov.br). A ALL resulta
da proliferacdo maligna de células linféides e é diagnosticada em 3000 a 4000 pessoas nos
Estados Unidos anualmente, sendo que dois ter¢os destas sdo criangas (Cortes e Kantarjian,
1995; Parker et al, 1997).

Um progresso extraordindrio tem ocorrido no tratamento desta doenca. Ha quatro
décadas a taxa de cura era menor que 10% e, atualmente, estd préoximo a 80% em criangas
(Pui e Evans, 1998). Em contraste, apenas 30 a 40% dos adultos com ALL sdo curados
(Cortes e Kantarjian, 1995; Laport e Larson, 1997). Essa discrepancia pode ser atribuida em
parte a alta freqiiéncia de anormalidades genéticas adversas na leucemia linfoblastica de
adultos (Chessells et al, 1998).

Um avango no tratamento da ALL tem ocorrido pela otimiza¢do do uso de drogas ja
existentes com a introdu¢do de uma combinag¢do de quimioterapias. Entre as drogas utilizadas
no tratamento da leucemia estao as enzimas bacterianas asparaginases, que tém sido utilizadas
no tratamento da leucemia por aproximadamente 30 anos (Amylon et al, 1999; Avramis e
Panosyan, 2005; Ortega et al, 1977). Inicialmente o uso de medicamentos estava focado na

indu¢do da remissdo da doenca em pacientes com ALL (Ortega et al, 1977), porém, estudos
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recentes tém explorado a administracio de asparaginase por 20 a 30 semanas como
consolidacdo do tratamento da malignidade linfatica (Amylon et al, 1999). Além disso, a
droga tem sido associada ao metotrexato, um antineopldsico antagonista do acido fdlico,
alcancando altos niveis de induc¢do da remissdo e prolongando a sobrevivéncia a leucemia
(Lobel et al, 1979).

Protocolos de tratamentos atuais para a ALL utilizam um complexo de multiplas
drogas quimioterdpicas (Amylon et al, 1999; Cortes e Kantarjian, 1995; Laport e Larson,
1997; Ortega et al, 1977; Parker et al, 1997). A terapia de inducdo da remissdo com
vincristina, um corticosterdide (geralmente a prednisona), asparaginase e um antraciclico, tem
sido o suporte principal na fase inicial do tratamento da ALL em criangas (Amylon et al,
1999; Cortes e Kantarjian, 1995; Laport e Larson, 1997; Ortega et al, 1977; Parker et al,
1997). O principal objetivo da terapia em pacientes com leucemia € induzir a completa
remissdo com a restauracdo da hematopoiese normal (Cortes e Kantarjian, 1995; Laport e

Larson, 1997).

1.2 Asparaginases bacterianas

A descoberta de que a asparaginase (L-asparagine-amido-hidrolase) possui
propriedades antitumorais ocorreu em 1950, no Reino Unido (Broome, 1963; Oettgen et al,
1967). Em 1960, Broome (1963) relatou que a atividade da asparaginase presente no soro do
porquinho da india era responsavel por efeitos antitumorais. A asparaginase origindria deste
animal foi descoberta como sendo responsavel pela inibicdo do crescimento tumoral a partir
da sua a¢do na inibicdo da incorporagdo do aminodcido asparagina, o qual causava alteragdes
nas proteinas e no metabolismo dos acidos nucléicos das células tumorais (Sobin e Kidd,
1966). Alguns anos mais tarde, verificou-se que a asparaginase poderia ser extraida de
Eschericha coli, proporcionando a producdo em larga escala da enzima apropriada para
experimentacdes clinicas (Mashburn e Wriston, 1964), tornando-se eficaz na industria
farmacéutica e causando remissdes que foram relatadas em muitos pacientes com ALL que
receberam a droga (Oettgen et al, 1967).

Atualmente, a asparaginase disponivel comercialmente possui duas origens: E. coli e
Erwinia (E. chrysanthemi e E. carotovora), embora outras asparaginases bacterianas do

género Erwinia tenham sido caracterizadas pela expressdo heter6loga da enzima em células
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de E. coli (Krasotkina et al, 2004; Kotzia e Labrou, 2005). As duas drogas apresentam
mecanismos de acdo e toxicidade idénticos, embora suas propriedades farmacocinéticas
difiram. As principais drogas existentes no mercado sio Elspar®, Crasnitin® e Kidrolase® (de
origem de E. coli) e Erwinase® (de origem de E. chrysanthemi). Em muitos paises, a
asparaginase de apenas uma destas origens é avaliada como terapia de primeira escolha para
as malignidades linfoblasticas (Duval et al, 2002; Ollenschliger et al, 1988).

A asparaginase é um produto natural importante que possui um amplo espectro de
atividade antitumoral. Além da ALL, a enzima tem sido aplicada no tratamento de muitas
outras doencas, como a doenga de Hodgkin’s, leucemia mielocitica aguda, leucemia
mielomonocitica aguda, leucemia linfocitica cronica, linfossarcoma, reticulossarcoma e
melanossarcoma (Duval et al, 2002).

Nao ha relato disponivel a respeito da producdo comercial desta importante droga
antitumoral através de técnicas de DNA recombinante. Atualmente, a asparaginase ¢é
produzida industrialmente pela fermentagdo de cepas de E. coli e de Erwinia. Infelizmente, a
producdo de grandes quantidades da enzima com este processo € restrita pela eficiéncia
extremamente baixa da técnica. No Brasil, a asparaginase para a maioria das aplicacdes
clinicas depende da sua importacdo. O preco extremamente elevado desta droga possui uma
limitagdo severa na sua aplicacdo clinica aos pacientes. Sendo assim, a procura por sistemas
que apresentem niveis elevados de expressdo de asparaginase e a construcdo de genes
apropriados para esta enzima através de técnicas de DNA recombinante € notavelmente

atrativa (Kozak, Jaskolski, Rohm, 2000; Guo et al, 2000).

1.2.1 Estrutura da Proteina

As asparaginases bacterianas (EC 3.5.1.1) sdo proteinas com alto peso molecular. A
forma funcional da enzima existe como um tetrimero com subunidades idénticas, com massa
molecular alcancando de 140 a 160 kDA (Aghaiypour, Wlodawer, Lubkowski, 2001; Aung et
al, 2000; Kozak et al, 2002). Cada mondmero consiste em aproximadamente 330 residuos de
aminodcidos que formam 14 folhas B-pregueadas e 8 a-hélices. Cada um dos quatro sitios
ativos estd localizado entre os dominios N e C terminais de dois mondmeros adjacentes.
Assim, o tetramero asparaginase pode ser tratado como um dimero de dimeros (Kozak et al,

2002).
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1.2.2 Mecanismo de Acao

As células humanas necessitam de um suprimento estdvel do aminodcido asparagina
para produzir proteinas. A maioria das células utiliza a asparagina sintetase para sintetizar sua
propria asparagina. A enzima adiciona uma amina no aspartato, formando o grupo amida
caracteristico da asparagina. Assim, a maioria das células pode sintetizar seus préprios
suprimentos do aminodcido, nao necessitando obté-lo da dieta. Muitas células sangiiineas,
entretanto, ndo sintetizam sua propria asparagina, dependendo principalmente do suprimento
da via sangiiinea como fonte deste aminodcido (Miiller e Boos, 1998).

Diferente das células normais, as células malignas geralmente possuem poucos niveis
de asparagina sintetase e nao conseguem regular positivamente o gene desta enzima durante
as condi¢des de deplecdo de asparagina, sintetizando este aminodcido lentamente (Kiriyama
et al, 1989; Moola et al, 1994).

O mecanismo antileucémico da asparaginase conta com a conversao da asparagina em
aspartato (Kiriyama et al, 1989; Moola et al, 1994; Oettgen et al, 1967; Richards e Kilberg,
2006). Ela hidrolisa o aminodcido asparagina em 4cido aspartico e amonia, através de um
mecanismo cinético em que a asparagina €, primeiro, adicionada a enzima, liberando amodnia
e formando a enzima aspartil. Este intermedidrio pode reagir com a dgua para formar o 4dcido
aspartico (Aghaiypour, Wlodawer, Lubkowski, 2001). Desse modo, a deple¢do de asparagina
da corrente sangiiinea conduz a destrui¢do das células tumorais, por tornarem-se incapazes de
completar a sintese protéica e, conseqiientemente, sintetizar suas proprias proteinas (Oettgen

et al, 1967, Sobin e Kidd, 1966).

1.2.3 Toxicidade e Hipersensibilidade

A resposta terapéutica dos pacientes raramente ocorre sem alguma evidéncia de
toxicidade. Os principais efeitos colaterais relacionados com a asparaginase podem
manisfestar-se com uma larga escala de sintomas clinicos, como disfun¢cdo hepatica,
pancreatite, diabetes, leucopenia, ataques neuroldgicos e anormalidades na coagulagdo que

podem levar a trombose intracranial ou hemorragia (Duval et al, 2002; Oettgen et al, 1970).
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A principal limitacdo do uso da asparaginase de E. coli € o desenvolvimento de
hipersensibilidade, a qual alcancga desde reacOes alérgicas leves a choque anafildtico (Moola et
al, 1994). A hipersensibilidade estd associada com a producdo de anticorpos a droga, podendo
reduzir a atividade da asparaginase, causando o aumento do aminodcido asparagina e o
possivel desenvolvimento de resisténcia a esse medicamento (Asselin et al., 1993; Oettgen et
al, 1970).

A asparaginase também contribui para a atividade da glutaminase, reduzindo
rapidamente as concentragdes de glutamina circulante no plasma dos pacientes, porque esta é
convertida em 4cido glutamico e amodnia (Ollenschliger et al, 1988). A enzima hidrolisa este
aminodcido, porém com menor eficiéncia, o qual € o precursor da biossintese de novo da
asparagina no figado, uma reacdo que € catalisada pela enzima asparagina sintetase (Avramis
e Panosyan, 2005; Graham, 2003; Asselin, et al, 1993). Algumas pesquisas sugerem que a
toxicidade da asparaginase € parcialmente atribuivel a atividade da glutaminase dessas
proteinas. Neurotoxicidade e hepatoxicidade tém sido relatadas na deplecdo de glutamina
celular e no acimulo de 4cido glutdmico (Howard e Carpenter, 1972; Ollenschlidger et al,
1988).

Foi demonstrado que a enzima de Erwinia carotovora subsp. atroseptica é uma
alternativa para o tratamento da ALL por apresentar menores efeitos colaterais quando
utilizada na terapia antineopldsica, comparada as asparaginases derivadas de E. coli ou de
Erwinia chrysanthemi (Krasotkina et al, 2004). Além disso, a enzima de E. caratovora possui
uma menor atividade da glutaminase, sendo significativamente menor do que a apresentada
pelas enzimas de E. coli e de E. chrysanthemi. Isto € particularmente importante, uma vez que
a atividade da glutaminase nas preparacdes terapéuticas das asparaginases tem sido implicada

na causa dos efeitos colaterais (Hawkins et al, 2004).
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3. OBJETIVOS

3.1 Objetivo Geral

Este trabalho tem como objetivo principal a comparagdo da expressao em Escherichia
coli, purificacdo e atividade de duas constru¢des de asparaginase de E. carotovora, com e sem
a seqiiencia peptideo-sinal, para posterior produ¢do da enzima antileuc€émica asparaginase.
Esse processo representa um passo importante na produgcdo em larga escala da asparaginase
recombinante em cepas de E. coli visando a reducdo dos custos de importacdo deste

medicamento.

3.2 Objetivos Especificos

¢ Amplificagdo por PCR do gene ErA de E. carotovora subsp. atroseptica a partir do
DNA gendmico, utilizando-se primers contendo os sitios de restricdo para as
enzimas Ndel e BamHI: uma amplificacdo da seqiiéncia de DNA que codifica a
proteina asparaginase incluindo seu peptideo-sinal (AspSP) e a outra que codifica
a proteina madura de asparaginase, sem a seqiiéncia peptideo-sinal (AspMP).

e Clonagem dos genes no vetor pCR®-Blunt (Invitrogen);

¢ Subclonagem no vetor de expressao pET30a(+) (Novagen);

e Expressdo de AspSP e AspMP em células de E. coli.

e Purificacdo das duas proteinas recombinantes por meio de Cromatografia Liquida
de Alta Eficiéncia (HPLC);

e Seqiienciamento dos aminodcidos da por¢ao N-terminal de AspSP e AspMP.

e Determinagdo da atividade bioldgica das proteinas recombinantes.

e Determinagdo dos parametros cinéticos (K, kcar) para os substratos asparagina e

glutamina.
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4. MANUSCRITO DO TRABALHO EXPERIMENTAL

Este manuscrito foi submetido para a revista Applied Microbiology and

Biotechnology.
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Abstract

L-Asparaginase type Il enzymes catalyze the hydrolysis of L-asparagine to L-aspartate
and ammonia, and to a lesser extent the hydrolysis of L-glutamine. Escherichia coli and
Erwinia chrysanthemi are the main sources of L-asparaginases II used as therapeutic agents in
the treatment of acute childhood lymphoblastic leukaemia. However, their glutaminase
activity has been implicated in causing serious side effects. Fortunately, L-asparaginase II
from Erwinia carotovora has significantly lower glutaminase activity and may represent an
important alternative therapy. Here we describe cloning, expression, purification and
determination of steady-state kinetic parameters for two constructs of E. carotovora L-
asparaginase II: with (AspSP) and without the signal peptide (AspMP). AspMP was purified
to homogeneity by a single-step protocol with 81 % yield, and AspSP by a two-step protocol
with 35 % yield. The K,, and k., values for L-asparaginase and L-glutaminase activities were
determined for both proteins. Analysis of specificity for competing substrates indicates that L-
asparagine is a better substrate than L-glutamine for AspSP as compared to AspMP. However,
the latter is produced by a simpler purification protocol and at higher yield. This process can
be amenable to large scale production and be of interest to researchers and biopharmaceutical

companies.

Keywords: L-asparaginase II; E. carotovora; Heterologous expression; Cancer therapy;

Therapeutic protein.
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Introduction

L-Asparaginase enzymes (L-Asparagine amidohydrolase; EC 3.5.1.1) catalyze the
hydrolysis of L-Asparagine (L-Asn) to L-Aspartate (L-Asp) and ammonia (NH3), and to a
lesser extent the hydrolysis of L-Glutamine (L-Gln) to L-Glutamate (L-Glu). Two types of
bacterial L-asparaginases have been identified: type I and type II (Campbell et al. 1967). Type
I L-asparaginases are expressed constitutively in the cytoplasma and catalyze the hydrolysis
of both L-Asn and L-GIn, whereas type II L-asparaginases are expressed under anaerobic
conditions in the periplasmic space of the bacterial membranes and display higher specificity
for L-Asn hydrolysis (Cedar and Schwartz 1968; Campbell et al. 1967). Type II L-
asparaginases, in particular, present tumor inhibitory activity and have thus been extensively
studied (Cedar and Schwartz 1968; Campbell et al. 1967). Tumor-inhibitory L-asparaginases
have also been isolated from a number of bacterial sources including Proteus vulgaris,
Acinetobacter glutaminasificans, Pseudomonas putida, Wolinella succinogenes, Helicobacter
piloris, and others. However, the enzymes from Escherichia coli (E. coli) and Erwinia sp.
have been more frequently used in cancer therapy (Avramis and Panosyan 2005; Broome
1968; Oettgen et al. 1970) due to their higher substrate affinity (Schwartz et al. 1966) and
favorable factors affecting the clearance rate of these enzymes from the system (Broome
1965). E. coli and Erwinia chrysanthemi (E. chrysanthemi) are the main sources of L-
asparaginases II, which have identical mechanisms of action but different pharmacokinetic
properties (Duval et al., 2002). E. coli L-asparaginase induce more coagulation abnormalities
but shown to be superior to E. chrysanthemi L-asparaginase for the treatment of childhood
lymphoid malignancies (Duval et al. 2002). The main side effects are liver dysfunction,
pancreatitis, diabetes, leucopoenia, neurological seizures, and coagulation abnormalities that
may lead to intracranial thrombosis or hemorrhage (Oettgen et al. 1970; Duval et al. 2002).
Another limiting factor of E. coli L-asparaginase II is the development of hypersensitivity,
which ranges from mild allergic reactions to anaphylactic shock (Schwartz et al. 1966).
Because L-asparaginases Il from E. coli and Erwinia possess different immunological
specificities they offer an important alternative therapy if a patient becomes hypersensitive to
one of the enzymes (Lee et al. 1989).

The bacterial enzyme L-asparaginase II has been used in combination with other drugs
in acute lymphoblastic leukemia (ALL) treatment for approximately 30 years (Amylon et al.
1999; Avramis and Panosyan 2005; Ortega et al. 1977). The antileukemic effect of L-

Asparaginase II is believed to result from the depletion of circulating L-Asn (Kiriyama el al.
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1989; Moola et al. 1994; Oettgen et al. 1967; Richards and Kilberg 2006). As certain tumor
cells have decreased or absent activity of Asparagine synthase, they depend on externally
supplied L-Asn for protein synthesis and the decreased supply of L-Asn in the blood results in
cancer cell death (Miiller and Boos 1998). L-Asparaginase II is also used to treat Hodgkin’s
disease, acute myelocytic leukemia, lymphosarcoma, reticulosarcoma, and melanosarcoma
(Duval et al. 2002).

The interest in Erwinia carotovora (E. carotovora) L-asparaginase II stems from its
significantly lower glutaminase activity as compared to that exhibited by E. coli and E.
chrysanthemi enzymes. This is particularly important, since the glutaminase activity of
therapeutic preparations of L-asparaginases II has been implicated in causing side effects such
as serious liver disorders, acute pancreatitis, hyperglycemia and immunosuppression
(Hawkins et al. 2004; Krasotkina et al. 2004). Interestingly, no report using the sequence of E.
carotovora L-asparaginase II mature protein and recombinant DNA technology for its
heterologous expression aiming at commercial production are available. The commercially
available L-asparaginases are produced by non-recombinant bacteria fermentations in which
the production of large quantities is restricted by the extremely low efficiency of the process
(Guo et al. 2000). In order to study the best conditions for the production of E. carotovora L-
asparaginase II production in E. coli, we compared the expression, purification and activity of
two L-asparaginase constructions. These constructions were E. carotovora L-asparaginase II
with and without its signal sequence. This process represents an important step towards large-

scale production of recombinant E. carotovora L-asparaginase Il in E. coli cells.

Material and Methods

Amplification, cloning, and expression of E. carotovora L-asparaginase I1

Two PCR amplifications of genomic E. carotovora DNA, from our laboratory
bacterial collection, were carried out using specific primers containing Ndel and BamHI
restriction sites: one amplification for the DNA sequence enconding L-asparaginase II (ErA)
including its native signal sequence (AspSP) and the other without its native signal sequence

(AspMP). The PCR products (1041 and 1002 bp, respectively) were purified from agarose
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gel, cloned into the pCR-Blunt® vector (Invitrogen) and subcloned into the pET-30a(+)
expression vector (Novagen) using the Ndel and BamHI restriction enzymes (Boehringer
Mannheim). In order to confirm the identity and absence of PCR-introduced mutations in the
cloned genes, the ErA genes were sequenced by automatic sequencing. E. coli C41(DE3) and
BL21(DE3) electrocompetent cells were transformed with the recombinant pET30a(+)
containing the L-asparaginase II genes (AspSP and AspMP, respectively) and grown on LB
agar plates containing 30 pg mL™" of kanamycin. It should be pointed out that the protocol of
recombinant protein expression described here represents just one, out of several experimental
conditions used to optimize the assay. The soluble fractions were analyzed by 12 % SDS-

PAGE (Laemmli 1970).

Expression of AspSP

To analyze the L-asparaginase II expression in the periplasmic space, a osmotic shock
protocol was used (Ausubel et al. 1989), in which E. coli C41(DE3) electrocompetent cells
were transformed with the recombinant pET30a(+) containing the AspSP gene. A single
colony was inoculated in 50 mL of LB medium containing 30 ug mL"' kanamycin and grown
in shaker flasks at 180 rpm at 37 °C to an ODggo of 0.4-0.6. The cells were grown for an
additional 6 h after induction with 1 mM isopropyl B-D-thiogalactopyranoside (IPTG). Cells
were harvested by centrifugation at 20,800g for 5 minutes at 4 °C. The cell pellet was
resuspended in 40 mL of 30 mM Tris-HCI, 20 % sucrose, pH 8. Then 0.8 mL 0.5 M EDTA,
pH 8 was added and the sample stirred slowly at room temperature for 10 minutes. The cells
were collected by centrifugation at 4 °C for 10 minutes at 10,000g. The pellet was
resuspended in 400 mL of ice-cold 5 mM MgSO, and the cell suspension stirred slowly for 10
minutes on ice, and centrifuged at 10,000g for 10 minutes at 4 °C. The supernatant
(periplasmic fraction) was concentrated to 4 mL and analyzed by 12% SDS-PAGE. The pellet
(cytoplasmic space) was resuspended in 4 mL buffer and disrupted by sonication, centrifuged
at 48,000g for 30 min at 4 °C, and the supernatant analyzed by 12 % SDS-PAGE. To verify
the expression of AspSP into the culture medium, 50 mL of LB medium were grown as
described above and 6 h after induction with IPTG, the supernatant was obtained by
centrifugation at 20,800g for 5 minutes at 4 °C, concentrated to 4 mL, and analyzed by 12%
SDS-PAGE.
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Expression of AspMP

E. coli BL21(DE3) electrocompetent cells were transformed with the recombinant
pET30a(+) containing the AspMP gene. Cell culture and IPTG induction of recombinant
protein were as for AspSP. One mL of cell culture was harvested by centrifugation at 18,000g
for 1 min and the pellet ressuspended in 0.5 mL of 50 mM Tris/HCI pH 8 was disrupted by
sonication. The samples were centrifuged at 18,000g for 20 min at 4 °C and the soluble

fraction was analyzed by SDS-PAGE.

Purification

To purify the recombinant proteins, a single colony was inoculated in 50 mL of LB
medium containing 30 ug mL"' kanamycin and grown in shaker flasks at 180 rpm at 37 °C up
to an ODggp of 1. Ten mL of this cell culture were used to inoculate 5 flasks containing 500
mL of LB medium. After the cultures have reached an ODgyy of 0.4 - 0.6 the expression was
induced with 1 mM of IPTG. The cells were grown for additional 6 h after induction and
harvested by centrifugation at 15,900g for 30 min at 4 °C and stored at -20°C. The cells were
resuspended (1 g cells/10 mL buffer) in 20 mM potassium phosphate buffer pH 5.5 (buffer
A), disrupted by sonication, and centrifuged at 48,000g for 30 min at 4 °C. The supernatant
was incubated with 1 % (w/v) of streptomycin sulfate for 30 min at 4 °C, centrifuged at
48,000¢g for 30 min, and the resulting supernatant dialyzed twice against 2 L of buffer A. The
purification protocol for the two proteins was performed using the AKTA System (GE
Healthcare) and performed at 4 °C. Samples from dialysis were clarified by centrifugation and
the supernatants were loaded on a HiPrep 16/10 SP XL cation exchange chromatography
column previously equilibrated with buffer A. The nonadsorbed proteins were washed out
with 5 column volumes (CVs) of buffer A, and the adsorbed proteins were eluted with a linear
pH gradient, pH 5.5 to 8.5, of 20 mM potassium phosphate buffer using 20 CVs. The eluted
fractions containing the purified recombinant AspMP enzyme were pooled and stored at -20
°C. On the other hand, for AspSP recombinant protein, the eluted fractions were concentrated
and loaded on Sephacryl S-200 HR column previously equilibrated with 20 mM potassium
phosphate buffer pH 7.5, and the eluted fractions containing the purified AspSP enzyme were
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pooled and stored at -20 °C. Chromatographic protein fractions and homogeneity of
recombinant AspMP and AspSP proteins was evaluated by 12 % SDS-PAGE stained with
either Comassie Blue or Silver (Owl Silver Stain, Owl Separation Systems). Protein
concentration was determined by the Bradford’s method (Bradford et al. 1976) using the BIO-

RAD protein assay kit and bovine serum albumin as standard.

N-terminal amino acid sequence analysis

N-terminal amino acid residues of both AspMP and AspSP homogeneous recombinant
L-asparaginase II proteins were identified by the automated Edman degradation method on a

PPSQ-23 protein peptide sequencer (Shimadzu Co. Japan).

Activity assays and determination of steady-state kinetic parameters

The assay employed to evaluate L-asparaginase II activity of fractions of the
purification protocol steps was as described by Balcao et al. (2001) with minor modifications.
The final 1.5 mL reaction mixture contained 20 mM potassium phosphate buffer pH 7.0, 1
mM L-asparagine, 0.15 mM 2-oxoglutarate, 1 mM NADH and 8 units of glutamate
dehydrogenase from bovine liver. The mixture was incubated in a cuvette at 25 °C for three
minutes and the activity assay was initiated by the addition of 20 nM of purified E.
carotovora L-asparaginase II. The continuous absorbance change at 370 nm (€=2857 M’ cm’
for NADH) was monitored for 2 minutes at 25 °C.

The assay employed to measure L-Asn and L-Gln hydrolysis catalyzed by
homogeneous recombinant AspMP and AspSP proteins was the direct method described by
Krasotkina et al. (2004), with minor modifications. This method is based on the measurement
of the decrease in absorbance of the y-amide bond of a substrate at 215 nm (e=102.5 M'lcm'l).
The reaction was carried out in a 1.5 mL quartz cuvette containing 198.9 nM AspSP or
AspMP for asparaginase activity measurements and 662.9 nM AspSP or AspMP for
glutaminase activity measurements, and one of the substrates (L-Asn or L-GIn) at varying

concentrations (from 1 to 20 mM) in 0.02 M Potassium phosphate buffer at pH 7.0 at 37 °C.
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The kinetic parameters k., and K, were calculated by non-linear regression analysis fitting
the experimental steady-state data to the Michaelis-Menten equation, v=V y.x[S]/(K+[S]),
where k.,=Vma/[E]. Turnover numbers were calculated on the basis of one active site per

34.5 kDa of subunit molecular mass.

Results

DNA sequence amplification and cloning

A 1041 bp PCR amplification fragment consistent with ErA gene containing the
region which codifies for its signal peptide (AspSP) and a 1002 bp PCR amplification
fragment consistent with ErA gene lacking this region (AspMP) were detected on agarose gel
(data not shown). The fragments were subcloned into pET30a(+) vector through the Ndel and
BamHI restriction sites. The correct construction of both plasmids was confirmed by

nucleotide sequence analysis.

Recombinant protein expression

Heterologous expression of E. carotovora AspMP in E. coli BL21(DE3) host cells
could be achieved in the presence and absence of IPTG induction as shown by a strong
protein band of approximately 39 kDa as determined by SDS-PAGE analysis of the soluble
fraction (Figure 1). After the osmotic shock, the expression of recombinant E. carotovora
AspSP in E. coli C41(DE3) host cells was observed in the periplasmic space and in the culture
medium at similar quantities, and in the cytoplasm at negligible level (Figure 2). The

recombinant AspMP was observed only in the cytoplasm, as expected.
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Purification

The amount of cells obtained from 2.5 L of LB medium were: 7 g for AspSP and 2.6 g
for AspMP. The purification of AspSP was achieved by a two-step purification protocol.
Protein elution of recombinant AspSP loaded on a Hiprep 16/10 SP XL cation exchange
column employed pH gradient with the recombinant protein eluting at pH 7.0. The pooled
fractions were loaded on a Sephacryl S-200 HR gel filtration column. The pooled protein
fractions were analyzed by SDS-PAGE (Figure 3A). On the other hand, purification of
AspMP could be achieved by a single-step protocol using Hiprep 16/10 SP XL cation
exchange column and pH gradient elution profile (Figure 3B). Apparently no contaminants
were detected with Coomassie Blue staining. In addition, SDS-PAGE analysis with silver
staining attests the high degree of homogeneity for both proteins (Figure 3C). Approximately
0.63 mg of homogeneous recombinant AspSP and 2.6 mg of homogeneous recombinant
AspMP were obtained from 1 g of cells. The yield of recombinant active protein was 80.1 %
for AspMP and 35.1 % for AspSP (Table 1). The specific activity of purified recombinant L-
asparaginases Il was calculated by measuring the rate of ammonia formation, by coupling
with glutamate dehydrogenase. Values of 59.54 and 62.01 U mg'l, were obtained for AspMP
and AspSP, respectively (Table 1).

N-terminal amino acid sequencing

The first eleven N-terminal amino acid residues for the two recombinant L-
asparaginases II were identified as AENLPNIVILA by the EDMAN degradation method.
This result confirms the identity of both homogeneous recombinant mature proteins as L-

asparaginase II, and the removal of the N-terminal signal peptide from AspSP construct.
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Kinetic analysis

The substrate specificity was assessed for L-Asn and L-GIn by steady-state kinetic
analysis employing a direct assay that monitored the decrease in absorbance of the y-amide
bond upon carboxylic acid formation (Table 2). The K,, values for L-Asn were 0.16 mM for
AspSP and 1.1 mM for AspMP; and the K,, values for L-Gln were determined as 2.6 mM for
AspSP and 4.4 mM for AspMP. The catalytic constant values for L-asparaginase activity was
160 s* for both enzymes, and for L-glutaminase activity were 6.0 s for AspSP and 7.1 s for

AspMP.

Discussion

To the best of our knowledge, the work here presented is the first report on cloning,
expression in E. coli, and purification of the mature recombinant E. carotovora L-
asparaginase Il (AspMP) protein. Previous reports cloned the DNA sequence of E. carotovora
L-asparaginase II containing the signal sequence (Kotzia and Labrou 2005; Krasotkina et al.
2004). Our aim was to compare expression and activity of two constructs of E. carotovora L-
asparaginase II (with and without signal peptide) to optimize the process for large scale
production. As AspMP does not have a signal peptide sequence, its expression was restricted
to the cytoplasm. Since bacterial L-asparaginases are extracellular, it has been proposed that a
precursor should contain a signal peptide sequence to direct its transport across the
periplasmic membrane (Kotzia and Labrou 2005). Our results demonstrate that AspSP
construct without the signal peptide was present in the periplasm as well as in the extracelular
medium, and with the signal peptide at neglible levels in the cytoplasm (Figure 2). Secreted
proteins can leak from the periplasmic space into the culture medium possibly due to an
increased permeability of the cell membrane. Small proteins secreted into the periplasm are
frequently released into the culture medium (Tong et al. 2000) as observed here for AspSP.
Although this mechanism of secretion of some overexpressed proteins is not fully known, it is
assumed that it has to do with the selective passage of the protein through the outer membrane

(Shokri et al. 2003).
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The N-terminal amino acid sequencing showed the removal of the N-terminal signal
peptide from AspSP. We thus deemed more convenient to express the recombinant L-
asparaginase protein in one compartment and avoid leakage to extracellular medium.
Accordingly, we constructed L-asparaginase without the signal peptide sequence (AspMP).
Amino acid sequencing (AENLPNIVILA) showed that the N-terminal methionine was
removed from the AspMP. A common type of co-/post-translational modification of proteins
synthesized in prokaryotic cells is modification at their N-termini. Methionine aminopeptidase
catalyzed cleavage of initiator methionine is usually directed by the penultimate amino acid
residues with the smallest side chain radii of gyration (glycine, alanine, serine, threonine,
proline, valine, and cysteine) (Lowther and Matthews 2000). This substrate preference of
methionine aminopeptidases is opposite to the “N-end rule” for protein degradation, in which
methionine aminopeptidase will not remove an N-terminal methionine if a “destabilizing”
amino acid will be exposed (Varshavsky 2008). As the clinical use of L-asparaginases II can
be limited by its in vivo inactivation by proteolysis (Guo et al 2000), it is thus expected that
the recombinant AspMP here described would have favorable in vivo half-life since the N-
terminal amino acid residue after methionine removal is alanine — a stabilizing amino acid
residue. Moreover, the N-terminal amino acid sequence of AspMP is identical to recombinant
AspSP protein having the signal peptide removed. In addition, as the main sources of L-
asparaginases Il commercially available are produced by non-recombinant fermentation of E.
coli and E. chrysanthemi and have thus their signal peptide sequence removed, the construct
here described for AspMP may represent an attractive alternative for large scale production of
E. carotovora L-asparaginases II. It should also be pointed out that the N-terminal amino acid
sequencing showed that AspMP was separated from its E. coli counterpart, which has an
important bearing on E. carotovora L-asparaginases Il preparation since these two enzymes
have distinct immunological specificities and provide alternative therapy if a patient develops
hypersensitivity to either L-asparaginases II (Bascomb and Bettelheim 1976).

The estimated molecular mass for the two L-asparaginases II without its signal peptide
is 34.5 kDa in contrast to the approximately 39 kDa observed by SDS-PAGE analysis. Owing
to its very alkaline character (estimated pl value of 9.04) the proteins may run differently
(slower) on SDS-PAGE than would be expected based on their known molecular mass
(Walker 1996). There appears to be two minor components present in the AspMP preparation
(Figure 3). As previously reported (Krasotkina et al. 2004), these low-molecular-mass
contaminants were probably proteolytic products of L-asparaginase II, which accumulated

during storage of the enzyme solutions. Incidentally, no cocktail of protease inhibitors were
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employed in the purification process because their presence in a therapeutic protein must be
avoided. Notwithstanding, the AspMP preparation is clearly superior to AspSP one (Figure 3).

An additional favorable feature for using the L-asparaginase II construction without
the signal peptide is that it can be purified by a single-chomatographic-step protocol as
compared to two steps for AspSP. A two-step purification protocol for recombinant E.
carotovora L-asparaginase II has been described in which a cation-exchange chromatography
is followed by an affinity chromatography with immobilized L-Asn and the protein eluted
with buffer containing 10 mM L-Asn (Kotzia and Labou 2005). However, no active protein
yield was reported by these authors. Recombinant E. carotovora L-asparaginase II has been
purified by a one-step purification protocol with 72 % yield of active protein (Kratsokina et al
2004), however the construct was protected by patent. Notwithstanding, the yield of active
recombinant AspMP described here was 81 % (Table 1), which is superior than reported by
Kratsokina et al. (2004). In addition, the yield of active recombinant AspSP employing the
protocol here described was 31 %, which strengthen the proposal of using the AspMP
construct for further attempts at large scale production.

The active assay coupled with glutamate dehydrogenase is based on a continuous
assay following hydrolysis of L-asparagine and release of ammonia, which is in turn
incorporated into 2-oxoglutarate by glutamate dehydrogenase with concomitant oxidation of
NADH to NAD'. The decrease in NADH concentration can be monitored
spectrophotometrically at 370 nm, accompanying the conversion of released ammonia,
NADH and 2-oxoglutarate to NAD* and L-glutamate. We considered this method more
convenient than the assay using the Nessler’s reagent (Wriston and Yellin 1973), since
continuous methods are easier to establish the assay conditions and are usually faster to obtain
results. In this report we found very similar specific activities for AspSP and AspMP, 62.0
and 59.5 U mg", respectively (Table 1). These values are approximately 10-fold lower as
compared to a method using the Nessler’s reagent to measure E. carotovora L-asparaginase 11
enzyme activity (Krasotkina et al 2004), and cannot be compared to a measurement using the
same method simply because this value was not provided (Kotzia and Labrou 2005).
Notwithstanding, the coupled assay was only employed to accompany the degree of
purification of recombinant E. carotovora L-asparaginase Il and a direct method was chosen
to determine the steady-state parameters described below.

Among the variety of assays for L-asparaginase II activity there are two methods that
are sensitive enough for K, determination. One of them is the method coupled with glutamate

dehydrogenase (Balcao et al. 2001), and the other is a direct continuous method that monitors
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the decrease in absorbance at 215 nm of the y-amide bond of substrate converted to carboxylic
acid of product (Krasotkina et al. 2004). The coupled method using glutamate dehydrogenase
enzyme could not be employed to determine L-glutaminase activity of E. carotovora L-
asparaginase II because its product (L-Glutamate) is a substrate for the reverse reaction
catalyzed by glutamate dehydrogenase. In contrast, the direct continuous monitoring is easy,
sensitive and readily reproducible but can only be employed to measure the purified enzyme
activity because of the low €;;5 of the y-amide bond of either asparagine or glutamine.

The K,, value for L-Asn was approximately 7-fold larger for AspMP as compared to
AspSP (Table 2), a result that is somewhat intriguing since they should be the same values for
a protein obtained from different constructs and purification protocols. However, the k.,
values for hydrolysis of L-Asn are the same for both proteins (Table 2). The K, value for L-
Gln was approximately 2-fold larger for AspMP as compared to AspSP and similar k., values
for hydrolysis of L-GIn (Table 2). The larger K,, value for L-GIn hydrolysis is a favorable
feature of AspMP protein as compared to AspSP because a higher concentration of this
substrate in the physiological milieu would be required to achieve maximum velocity.
Moreover, the K, value (4.4 mM) for L-GIn hydrolysis catalyzed by AspMP construct here
described is larger than that found for L-asparaginases II from E. carotovora (Krasotkin et al.
2004), E. coli (Derst et al. 2000) and E. chrysanthemi (Moola et al. 1994), which were 3.4, 3.5
and 1.7 mM, respectively. L-Asparaginases with low K, values for L-Asn and large values for
L-GIn have been reported to be preferable during the course of anti-cancer therapy (Hawkins
et al. 2004), since the toxicity of the enzyme is partially attributable to the L-glutaminase
activity (Howard and Carpenter 1972). The k../K,, ratio is an apparent second-order rate
constant that determines the specificity for competing substrates (Fersht 1999). Accordingly,
the ratio of L-Asn k../K,, value over L-Gln k.,/K,, value indicates that the former is a better
substrate for AspSP (432-fold increase) as compared to AspMP (90-fold increase). However,
AspMP is produced in higher yield using an one-step protocol.

The experimental approach here described represents an efficient and high-yield
method to obtain homogeneous recombinant E. carotovora L-asparaginase II with low
glutaminase activity. This process can be amenable to large scale production and may be of
interest to researchers and biopharmaceutical companies interested in developing biosimilars,
which offer a great opportunity to scientific, biotechnological, economical and industrial

growth.
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Figures
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Figure 1. Analysis of recombinant AspMP expression by SDS-PAGE. SDS-PAGE (12

% ) analysis showing the expression of AspMP in the soluble fraction of E. coli
BL21(DE3) host cells. Lane 1: Molecular mass markers (Bench Mark™ Protein Ladder,
Invitrogen). Lane 2: host cells containing the recombinant pET30a(+)-AspMP plasmid
induced with 1 mM IPTG; lane 3: host cells containing the pET30a(+) plasmid lacking the
coding sequence induced with 1 mM IPTG; lane 4: host cells containing the recombinant
pET30a(+)-AspMP plasmid without induction and lane 5: host cells containing the pET30a(+)
plasmid lacking the coding sequence without induction. The predicted molecular mass for L-

asparaginase is 34.5 kDa. The gel was stained with Coomassie Blue.
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Figure 2. Analysis of recombinant AspSP expression by SDS-PAGE. SDS-PAGE (12 %)
analysis showing the expression of AspSP in the periplasm and in the culture medium of
E. coli strain C41(DE3) host cells 6 hours post-induction. Lane 1: the cytoplasm fraction
showing negligible expression of AspSP (36.5 kDa); lane 2: AspSP expression in the
periplasm fraction; lane 3: AspSP expression in the culture medium; and lane 4: Molecular
mass markers (Low Range Protein Ladder, BIO-RAD). The predicted molecular mass for L-

asparaginase II is 34.5 kDa. The gel was stained with Coomassie Blue.
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Figure 3. SDS-PAGE (12 %) analysis of purification protocol fractions containing L-
asparaginase II. (A) AspSP Purification protocol fractions of SDS-PAGE stained with
Coomassie Blue: Lane 1: Protein molecular mass markers (Bench Mark™ Protein Ladder,
Invitrogen); lane 2: soluble fraction after cell disruption; lane 3: sample after 1% (w/v) of
streptomycin sulfate precipitation; lane 4: sample after dialysis and loaded on cation exchange
Hiprep SP XL column; lane 5: pooled fractions of cation exchange chromatography loaded on
Sephacryl S-200; and lane 6: homogeneous AspSP (34.5 kDa) after elution from size
exclusion chromatography. (B) AspMP Purification protocol fractions of SDS-PAGE stained
with Coomassie Blue: Lane 1: soluble fraction after cell disruption; lane 2: sample after 1%
(w/v) of streptomycin sulfate precipitation; lane 3: sample after dialysis loaded on cation
exchange Hiprep SP XL column; lane 4: homogeneous L-asparaginase II (34.5 kDa) pool
eluted from the cation exchange column; and lane 5: Protein molecular mass markers (Low
Range Protein Ladder, BIO-RAD). (C) SDS-PAGE stained with Silver of purified AspMP
and AspSP proteins: Lane 1: Protein molecular mass markers (Low Range Protein Ladder,

BIO-RAD); lane 2: AspMP; and lane 3: AspSP.
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Tables

Table 1
Improved purification protocol for recombinant L-asparaginases II AspSP and AspMP from

E. carotovora

Enzyme Step Total protein  Total activity Specific activity ~ Purification Yield
(mg) U) (Umg™ (fold) (%)
AspSP  Crude extract 91.4 776.9 8.5 1.00 100
SP XL 3.2 182.1 56.9 6.7 23
S200 44 272.8 62.0 7.3 35
AspMP  Crude extract  53.1 419.5 7.9 1.00 100
SP XL 6.7 339.1 59.5 8.14 81

The results presented are for a purification protocol from 2.5 g of E. coli host cells

Table 2

Steady-state kinetic parameters of E. carotovora L-asparaginases II AspSP and AspMP*

Enzyme Substrates K,, (mM) kear (s kel Ky M s

AspSP L-asparagine  0.16 £0.01 160 (= 1) 9.98 (£ 0.62) x 10°
L-glutamine 2.6 +0.4 6.0 (+0.3) 231 (£0.37)x 10°

AspMP L-asparagine 1.1 £0.1 160 (£ 4) 1.45 (£0.14)x 10°
L-glutamine 4.4 +0.2 7.1 (20.1) 1.61 (£ 0.08) x 10°

* All initial velocities were determined in triplicate.
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5. CONSIDERACOES FINAIS

A utilidade comercial das asparaginases tem revolucionado a terapia molecular para a
leucemia. Porém, ainda sdo observados muitos efeitos colaterais com a aplicagdo terapéutica
de asparaginases bacterianas. Dessa maneira, tem-se lancado mao de numerosos estudos e
modificagdes para melhorar os parametros farmacodinamicos e a eficicia, como também para
minimizar os efeitos colaterais observados no uso clinico da asparaginase. Deste modo, a
caracterizacdo das asparaginases recombinantes e o desenvolvimento de métodos de producdo
rapidos, simples e efetivos ndo sdo apenas de interesse académico, como também de grande
importancia na pratica clinica.

Este medicamento possui um amplo espectro de atividade antitumoral. Além da ALL,
a enzima tem sido aplicada no tratamento de muitas outras doencas, como a doenca de
Hodgkin’s, leucemia mielocitica aguda, leucemia mielomonocitica aguda, leucemia linfocitica
cronica, linfossarcoma, reticulossarcoma e melanossarcoma (Duval et al, 2002). No Brasil, as
enzimas comercialmente disponiveis sdo obtidas a partir de culturas de E. coli (Crasnitin® e
Elspar®, e Kidrolase®) e Erwinia chrysanthemi (Erwinase®), onde a producdo de grandes
quantidades de asparaginase € restrita pela baixa eficiéncia da técnica de fermentacao.

No entanto, a asparaginase ndo ¢ produzida no Brasil, o que resulta em um alto custo
na importacdo deste medicamento. Em 2003, o pais importou 10 diferentes tipos de
medicamentos utilizados no manejo das neoplasias, gastando US$ 9,8 milhdes, sendo que
cerca de  US$ 1,450  milhdes  foram  gastos com a  asparaginase
(http://www.ivfrj.ccsdecania.ufrj.br). A fabricacdo da asparaginase no mercado nacional
provocaria uma diminuicdo nas importagdes desse medicamento evitando que seu preco
variasse conforme a oscilagdo do mercado internacional. Isso reduziria o seu preco,
facilitando o acesso da populagio e do Sistema Unico de Satide (SUS) ao fiarmaco.

Esta é a primeira vez na literatura, até onde sabemos, que a seqii€éncia que codifica a
proteina madura de asparaginase de E. carotovora é clonada e expressa em E. coli. Outras
pesquisas relatam a clonagem da seqiiéncia de DNA que contém a seqiiéncia peptideo-sinal
(Kotzia e Labrou, 2005; Krasotkina et al, 2004). O nosso objetivo foi comparar a expressao e
a atividade de duas construcdes de asparaginase de E. carotovora (com e sem o peptideo-
sinal) para otimizar o processo de producdo em larga escala. Como as asparaginases
bacterianas sdo periplasmaticas, € esperado que o precursor deva conter uma seqiiéncia

peptideo-sinal que direciona o seu transporte através da membrana periplasmdtica (Kotzia e
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Labrou, 2005). Nossos resultados demonstraram que a proteina expressada a partir da
constru¢cdo de AspPS, com seqiiéncia peptideo-sinal j4 clivada pela célula, estava presente no
periplasma, assim como no meio extracelular e com o peptideo-sinal em niveis
negligencidveis no citoplasma (Figura 2 do manuscrito). As proteinas secretadas podem
escapar do periplasma em direcdo ao meio de cultura, possivelmente devido a permeabilidade
das membranas celulares. Proteinas pequenas secretadas para o espago periplasmdtico sdo,
freqiientemente, liberadas para o espago extracelular (Tong et al, 2000), o que pdde ser
observado com AspSP. Entretanto, este mecanismo de secrecao de algumas proteinas
superexpressas ndo € totalmente compreendido (Shokri, Sandén, Larsson, 2003).

Outra vantagem observada na utilizacdo da constru¢cdo de asparaginase sem a
seqiiéncia peptideo-sinal é em relagdo ao protocolo de purificagdo, que utiliza um tnico passo
de purificacdo, em contraste ao protocolo que utiliza duas etapas, utilizado para purificar a
proteina AspSP. Além disso, o rendimento de AspMP foi de 80,1%, enquanto que AspSP
apresentou um rendimento de 30,1%. Estas sdo caracteristicas importantes que devem ser
observadas objetivando a obtencdo de uma produgdo da enzima em larga escala. Em relacao a
atividade especifica, ambas as enzimas apresentaram valores de atividade amido-hidrolase
semelhantes: 62,0 € 59,5 U mg'1 para AspSP e AspMP, respectivamente.

O valor de K, encontrado para o aminodcido asparagina foi cerca de 7 vezes mais alto
para AspMP. Por outro lado, o valor de K, e a constante de especificidade para o aminodcido
glutamina para AspMP foi cerca de 2 vezes maior que AspSP, o que representa uma atividade
de glutaminase menor para a proteina madura. Além disso, AspMP apresentou um valor de
K, para glutamina mais elevado quando comparado as asparaginases de E. coli (Derst,
Henseling, Rohm, 2000) e de E. chrysanthemi (Moola et al, 1994), que foram 3,5 e 1,7 mM,
respectivamente. Asparaginases com alta afinidade por asparagina e baixa afinidade por
glutamina sdo preferiveis durante a série de terapia anticancer (Hawkins et al, 2004), visto que
a toxicidade da enzima asparaginase € parcialmente atribuida a atividade de glutaminase que
ela pode apresentar (Howard e Carpenter, 1972).

Este trabalho apresenta um método eficiente e com alto rendimento para a obtencdo de
asparaginase recombinante de E. carotovora, com baixa atividade de glutaminase. O avango
cientifico tem permitido o emprego industrial de microorganismos ou células modificadas
geneticamente objetivando a producdo de proteinas de interesse em diversas dreas e, em
especial, na saide humana. A realizacdo de experimentos de superexpressdo (técnicas de
DNA recombinante), purificacdo e caracterizagdo da proteina asparaginase recombinante

visam aperfeicoar a producdo desta em larga escala para futuramente suprir a demanda do
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mercado nacional. Sendo assim, a realizacdo deste projeto visa, futuramente, a producdo
nacional com tecnologia de ponta da enzima asparaginase recombinante. Este trabalho,
eventualmente, poderd permitir a produgao do fairmaco no Brasil e pretende contribuir para a
sensivel reducdo de custos com importagdo e o fornecimento do farmaco a um niimero maior

de pacientes que dele necessita para tratamentos de saude.
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ANEXO I

Testes de expressao da proteina asparaginase com e sem o peptideo-sinal

Expressao de AspMP

A expressdo da proteina madura de asparaginase recombinante, clonada sem o
peptideo-sinal no vetor de expressao pET30a(+), foi comparada utilizando-se diferentes cepas
de E. coli, como BL21(DE3), C41(DE3) e Rosetta-gami(DE3). As diferentes cepas de E. coli
foram transformadas, por eletroporaciao, com o plasmideo recombinante pET30a(+) contendo
o gene que codifica para a regido madura da proteina asparaginase de E. carotovora. O
mesmo procedimento foi realizado com o vetor pET30a(+), sem o gene de interesse clonado,
para controle negativo de expressao.

As células transformadas foram selecionadas em meio LB sélido contendo os
antibidticos apropriados para cada cepa de E. coli (Tabela I). Um pré-indculo (ODgyy 1,0) a
partir de uma coldnia foi utilizado para inocular 50 mL de meio de cultura contendo os
mesmos antibidticos e concentracdes usadas no meio LB sélido e crescidas a 37°C sob
agitacdo de 180 rpm até alcangarem uma ODggyy de 0,4. As culturas foram induzidas, ou ndo,
com a adicdo de 1 mM de isopropil B-D-tiogalactopiranosideo (IPTG) e incubadas a 37°C.
Apos 3, 6, 12, 18, 24 e 48 horas de incubagdo, 1 mL de cada cultura foi coletado. As amostras
foram centrifugadas a 20.800 g, por 5 minutos a 4°C e estocadas a -20°C para posterior

analise.
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Tabela I. As cepas de E. coli transformadas com o plasmideo pET30a(+) usadas na
expressdo da proteina asparaginase e os antibidticos apropriados para cada cepa com suas

concentracoes de uso.

Cepas de E. coli transformadas com o
Concentracao de uso dos antibiéticos

plasmideo pET30a(+)*
BL21(DE3) 30 ug/mL de kanamicina
C41(DE3) 30 pg/mL de kanamicina

34 ug/mL de Cloranfenicol, 30 pg/mL de kanamicina e

Rosetta-gami(DE3)
12,5 pg/mL de Tetraciclina

*O plasmideo pET30a(+) contém um gene para resisténcia a kanamicina.

A expressdo da proteina foi avaliada por meio do rompimento das células por
sonica¢do em tampao Tris-HCI 50 mM pH 8,0 (5 mL de tampao para cada 1 g de célula). As
células rompidas foram entdo centrifugadas a 20.800 x g durante 30 minutos, a 4°C e o
conteddo protéico das fracdes solivel e insolivel foi analisado em SDS-PAGE 12%.

A proteina foi expressa nas fracdes solivel e insolivel de todas as cepas testadas. Nas
cepas C41(DE3) e Rosetta-gami(DE3), a proteina foi expressa com a indu¢do de 1 mM de
IPTG, enquanto que na cepa BL21(DE3) foi verificada a expressdo da proteina com e sem
indugdo.

Foram realizados outros testes de expressdao com a cepa BL21(DE3) em meios LB e
TB com outras temperaturas de cultivo, como 30 e 37°C, conforme descrito acima. Entretanto,

com a diminui¢do da temperatura de cultivo, ndo hd aumento da expressdo da proteina.

Expressao de AspSP

A expressao da proteina asparaginas recombinante, clonada contendo o peptideo-sinal
no vetor de expressdo pET30a(+), foi comparada em diferentes cepas de E. coli, como
BL21(DE3), C41(DE3) BL21(DE3)pLysS. Os testes de expressdo foram realizados em meio
LB, a 37 °C, conforme descrito na expressao de AspMP.

A expressdo da proteina foi avaliada por meio do rompimento das células por

sonicacdo em tampao Tris-HCI 50 mM pH 8,0 (5 mL de tampdo para cada 1 g de célula). As
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células rompidas foram entdo centrifugadas a 20.800 x g durante 30 minutos, a 4 °C e o
conteddo protéico das fracdes solivel e insolivel foi analisado em SDS-PAGE 12%.

A proteina foi expressa nas fracdes solivel e insolivel de todas as cepas testadas, com
a indu¢do de 1 mM de IPTG. Foi verificada a melhor expressio da proteina na cepa

C41(DE3), apés 6 horas de cultivo apds a indu¢do com IPTG.
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ANEXO IT

Ensaio descontinuo de atividade de AspMP e AspSP

Foi realizado o ensaio de atividade utilizando o reagente de Nessler para determinar a
atividade qualitativa do extrato bruto de ambas as enzimas (AspSP e AspMP) nas cepas
C41(DE3) e BL21(DE3). Neste ensaio, € analisada a capacidade da asparaginase de hidrolisar
o aminodcido asparagina, convertendo-o em aspartato e amodnia, onde se pode verificar a
formacdo de uma coloragido amarelo-alaranjada (Wriston e Yellin, 1973).

Um volume final de 1 mL contendo 50 mM de tampao fosfato de potéssio, pH 7,0, 20
mM de asparagina e 5 ug de enzima asparaginase foi incubado a 37 °C por 20 minutos. Um
controle negativo foi realizado utilizando a mesma mistura, sem a adi¢do da enzima. 125 pL
de uma solucao de 4cido tricloroacético 15% foram adicionados as amostras, a fim de cessar a
reacdo catalisada pela enzima. As amostras foram centrifugadas a 20.800 x g durante 3
minutos. Aos 150 uL do sobrenadante foram adicionados 775 pL de dgua e 75 uL do reagente
de Nessler. As amostras foram incubadas a temperatura ambiente por 10 minutos e pode-se

observar a formacdo de uma coloragdo amarelo-alaranjada em ambas as amostras.
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ANEXO III

Testes de purificacdo da proteina asparaginase clonada contendo o peptideo-sinal

Os testes de purificagdo foram realizados utilizando o sistema de purificacdo de
Cromatografia Liquida de Alta Eficiéncia (HPLC) AKTA (GE Healthcare) para o controle do
fluxo, pressdo da coluna cromatografica, deteccdo de varios comprimentos de onda, pH,
temperatura, controle de gradiente, aplicacdo e coleta de amostras. As células foram
preparadas conforme descrito no manuscrito e, para a determinacdo do melhor protocolo de
purificagdo, vdrias colunas cromatograficas foram utilizadas a fim de obter o melhor

rendimento e a otimizagdo do processo.

Teste de purificacao no meio de cultivo

Para o teste de purificacdo, células foram crescidas em 1 L de meio LB, conforme o
teste de expressao no meio de cultivo citado no manuscrito. Apds o crescimento de 6 horas
com inducdo de 1 mM de IPTG, o meio de cultura foi centrifugado a 20.000 rpm, a 4°C, por
15 min. O sobrenadante foi concentrado até 10 mL em Amicon Bioseparations (Millipore),
dialisado contra o tampao fosfato de s6dio 50 mM, pH 7,5 e aplicado na coluna. Foram
utilizadas as colunas cromatograficas de troca cationica HiTrap SP XL e HiTrap SP FF,
utilizando o tampao fosfato de s6dio 50 mM, pH 7,5 como tampao de corrida e fosfato de
s6dio 50 mM + NaCl 1 M, pH7,5 para realizar o gradiente de 0 a 100% a fim de eluir a
proteina.

Em ambas as colunas testadas, a proteina nao interagiu com a resina da coluna, pois a

mesma foi observada em todos os lavados e nunca no gradiente.
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Testes de purificacdo no citoplasma

Para os testes de purificacdo, as células de AspSP foram crescidas e tratadas conforme
descrito no manuscrito. Foram utilizadas colunas cromatograficas de troca catidnica (como a
HiTrap SP XL, HiTrap SP FF, HiTrap CM FF e Mono S) e de gel filtracdao (Sephacryl S200).
Os tampdes testados foram fosfato de sédio 50 mM, pH 7,0 e fosfato de potassio 20 mM pH
5,5 utilizando como gradiente fosfato de sédio 50 mM + KCl 1 M, pH 7,0 e fosfato de
potassio 20 mM + KCI 1 M, pH 5,5, respectivamente. Houve interacdo da proteina de
interesse apenas na segunda condi¢do testada, onde a proteina foi eluida com 38% do
gradiente e ndo foi totalmente separada das outras proteinas presentes na amostra.

Também foi testada a purificagdo da enzima utilizando um gradiente de pH, conforme
descrito no manuscrito. Além deste, foi realizado o mesmo teste, porém utilizando como
gradiente o tampao fosfato de potdssio 20 mM, pH 7.5 e, apds este, foi adicionado o tampao
fosfato de potdssio 20 mM, pH 8,5. Houve interagdo da proteina alvo com a resina em ambos
os testes, onde a purificagdo mais eficiente foi observada na mesma relatada no manuscrito.

Apés a amostra contendo a proteina alvo ser eluida da coluna HiPrep SP XL,
utilizando o gradiente de pH descrito no manuscrito, foi testada uma segunda coluna, a
Sephacryl S200 e uma terceira, a Mono S, na tentativa de separar algumas proteinas
contaminantes visiveis quando as fracdes eluidas foram agrupadas e concentradas. Nao
havendo diferenca do resultado com a adi¢ao de qualquer dessas colunas, optou-se, como
protocolo final de purificagcdo, utilizar apenas a coluna de gel filtracio Sephacryl S200,

conforme descrito no manuscrito.
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