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RESUMO

As peroxidases sdo oxidoredutases que catalisam uma variedade de reacGes tais como a
reducédo do peroxido de hidrogénio (H20>) e a oxidagdo de uma variedade de compostos
organicos e inorganicos. Estas enzimas sdo amplamente distribuidas na natureza, sendo
produzidas por uma variedade de fontes, incluindo plantas, animais e microrganismos.
As peroxidases de plantas da classe 111 (EC 1.11.1.7) sdo enzimas bem caracterizadas e
relacionadas com papeis fisiologicos tais como lignificacdo, suberizacdo, catabolismo de
auxina, cicatrizacdo de feridas e defesa de plantas. Esse trabalho teve como foco a
purificacdo e caracterizacdo de uma peroxidase de raizes de Moringa oleifera
(denominada MoPOX), bem como a avaliacdo de sua capacidade de degradar corantes
téxteis. MoPOX foi purificada através de cromatografia de DEAE-Sephacel e Superdex
75, apresentando uma massa molecular aparente de 45,6 kDa e um pl de 9,4. O pHe a
temperatura 6timos para a atividade de MoPOX foram 5,2 e 70 °C, respectivamente.
MoPOX manteve pelo menos 80% da sua atividade catalitica apds incubacéo a 70 °C
durante 60 min, mostrando ser altamente termoestavel. As constantes cataliticas de
MoPOX mostraram sua alta afinidade para os substratos guaiacol e perdxido de
hidrogénio. Além disso, essa enzima pode oxidar outros substratos tais como o-
dianidisidina, eugenol e ABTS. A atividade catalitica de MoPOX foi diminuida na
presenca de ditiotreitol. Em contraste, Na* e Ca* aumentaram ligeiramente sua atividade
enzimatica. MoPOX purificada (0,15, 0,03 ou 0,015 mg/mL) foi capaz de degradar
diferentes tipos de corantes téxteis (10, 25, 50 ou 100 mg/L), sendo Remazol® Blue RGB,
Remazol® Navy RGB e Telon® Turquesa M- 5G 85% os corantes mais suscetiveis. Para
estes compostos, as taxas de descoloracdo variaram de 15 a 90%, dependendo da
concentracdo de corante, concentracdo de enzima e tempo de exposicdo. MoPOX é a
primeira peroxidase purificada de raizes de M. oleifera. Sua alta termoestabilidade, além
da capacidade de degradar diferentes tipos de corantes téxteis, torna esta enzima uma
molécula com potencial de aplicacdo em estratégias para a biodegrada¢do de compostos

toxicos.

Palavras-chaves: Peroxidase. Moringa oleifera. Corantes téxteis.



ABSTRACT

Peroxidases are oxidoredutases that catalyze a variety of reactions such as reduction of
hydrogen peroxide (H20.) and oxidation of a variety of organic and inorganic
compounds. These enzymes are widely distributed in nature, being produced by a variety
of sources including plants, animals, and microorganisms. Class Il plant peroxidases (EC
1.11.1.7) are enzymes well characterized and related to physiological events such as
lignification, suberization, auxin catabolism, wound healing and plant defense. A
peroxidase from roots of Moringa oleifera (named MoPOX) was purified, characterized,
and its ability to degrade textile dyes was evaluated. MoPOX was purified by DEAE-
Sephacel and Superdex 75, presented an apparent molecular mass of 45.6 kDa and a pl
of 9.4. The optimum pH and temperature for MoPOX activity are 5.2 and 70 °C,
respectively. MoPOX maintained at least 80% of its catalytic activity after incubation at
70 °C for 60 min, showing to be high thermostable. MoPOX catalytic constants showed
its high affinity for guaiacol and hydrogen peroxide substrates. In addition, it can oxidize
other substrates such as o-dianidisidine, eugenol and ABTS. The catalytic activity
MoPOX was decreased in the presence of dithiotreitol. In contrast, Na* and Ca?* slightly
enhanced the MoPOX enzymatic activity. Purified MoPOX (0.15, 0.03 or 0.015 mg/mL)
was able to degrade different dyes (10, 25, 50 or 100 mg/L), being Remazol® Blue RGB,
Remazol® Navy RGB and Telon® Turquoise M-5G 85% the most susceptible dyes. For
these compounds, the decolorization rates varied from 15 to 90%, depending on the
concentration dye, concentration of enzyme, and time of exposure. MoPOX is the first
peroxidase purified from roots of M. oleifera. Its high termostability, plus the ability to
degrade different types of textile dyes makes this enzyme a potential molecule for
application in strategies for biodegradation of hazardous compounds.

Keywords: Peroxidase. Moringa oleifera. Textile dyes.
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1 INTRODUCAO

As atividades industriais vém provocando um aumento considerdvel da poluigdo
ambiental, com destaque para a industria de tingimento téxtil. Os efluentes oriundos dessa
atividade sdo complexos e compostos principalmente por corantes, sais alcalinos, sais
organicos e inorganicos, acidos e metais pesados (GHALY et al., 2014).

Os corantes téxteis sdo compostos que vém sendo utilizados hd milhares de anos
para tingir tecidos. As principais fontes naturais de corantes sdo as plantas, insetos,
mariscos e liquens (FERREIRA, et al., 2004). Entretanto, esses corantes naturais foram
facilmente substituidos pelos corantes sintéticos. O primeiro corante sintético foi
descoberto ao acaso pelo quimico William Henry Perkin em 1856, o qual foi chamado de
malveina. Esses corantes, em sua maioria, sdo formados por moléculas aromaticas
estaveis, bastante dificeis de degradar, sendo capazes de resistir a luz, agua, agentes
oxidantes e ataques microbianos (SARATALE et al., 2011).

Durante o processo de tingimento, entre 10 e 60% dos corantes reativos séo
perdidos e lancados no ambiente, gerando graves problemas ambientais, como a
contaminacdo de rios, lagos e do proprio lencol freatico, além de contaminagdo do solo
(FARGAN et al, 2014). Os corantes comprometem a transparéncia da agua, impedindo a
entrada de luz e prejudicando a fotossintese das plantas aquaticas (SOUZA et al., 2016).
Isso gera um processo de eutrofizacdo, onde ha reducao de oxigénio na agua, crescimento
de vegetais, acimulo de matéria organica e, adicionalmente, prejuizos a cadeia alimentar.
Estudos identificaram a presenca de corantes em enguias amarelas, um bioindicador de
substancias toxicas, garantindo a contaminagdo em altos niveis troficos (BELPAIRE et
al., 2015).

Alguns métodos convencionais para tratamento e remoc¢édo de corantes possuem
alguns inconvenientes como elevados custos, muitas vezes inacessiveis para industrias de
pequeno porte, o que dificulta o controle da poluicdo em paises subdesenvolvidos e em
desenvolvimento (KHANDARE et al., 2013a). Além disso, a maioria dessas praticas
possui limitacbes como a producgdo de lodo residual, transferéncia de contaminante de
uma fase para outra e formacéao de subprodutos que levam a necessidade de implantacdo
de tratamentos futuros (GHALY et al., 2014, ROBINSON et al., 2001). Nesse sentido,
h& varios estudos sendo realizados a fim de se desevolver novas técnicas para a
degradacdo desses compostos. Dentre essas técnicas, destacam-se 0s tratamentos

enzimaticos.
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Vérias oxidorredutases das plantas tém sido apontadas como moléculas
promissoras no que se refere a degradacdo de corantes. Enzimas como a lenhina
peroxidase, lacase, tirosinase, azo redutase, veratril alcool oxidase, riboflavina redutase e
diclorofenolindofenol redutase sdo conhecidas como enzimas chave em processos de
quebra de estruturas complexas de corantes (KHANDARE; GOVINDWAR, 2015). A
macrofita aquatica Alternanthera philoxeroides, por exemplo, foi capaz de degradar
corantes gracas ao envolvimento de suas oxiredutases (RANE, et al., 2015).

Peroxidases sdo oxidorredutases encontradas em diferentes organismos como
bactérias, fungos, plantas e animais. Representam uma familia de heme proteinas que
atuam oxidando uma grande variedade de substratos orgéanicos e inorgénicos, utilizando
como doador de elétrons o perdxido de hidrogénio. Essas enzimas estdo muito
relacionadas ao estresse oxidativo enfrentado por plantas como consequencia do
metabolismo aerdbico bem como pelas condic6es de estresse tais como o estresse hidrico,
salino, infeccdo por patdgenos e alguns herbicidas como a atrazina, (ERINLE et al.,
2016). A producdo de espécies reativas de oxigénio (ROS) em decorréncia desses
estresses leva a producdo de peroxidases que tém como funcdo a minimizagdo dos danos
causados por esses compostos. Alguns estudos apontam que as peroxidases vegetais da
classe Il apresentam potencial na remogé&o de corantes recalcitrantes oriundos das etapas
de tingimento da industria téxtil (GOVINDWAR; KAGALKAR, 2010).

Diante do potencial biotecnoldgico das peroxidases vegetais no que se refere a
degradacdo de compostos organicos como corantes téxteis, o presente trabalho teve como
foco o isolamento de uma peroxidase a partir de raizes de Moringa oleifera. Esta espécie
é bastante adaptada as condi¢des climéaticas do Brasil, particularmente do estado do
Ceard, sendo conhecida pela capacidade de clarificar aguas tornando-as adequadas ao uso
pela populacdo (SHINOMOL et al., 2016). Estudos prévios realizados por nosso grupo
de pesquisa, mostraram que plantulas de M. oleifera apresentaram alta atividade
peroxidasica em raizes em comparacéo as folhas. Esse dado corrobora com os obtidos por
Shank e colaboradores (2013) que avaliaram os teores de peroxidase em folhas, caules e
raizes de plantulas de M. oleifera produzidas in vitro e observaram que os extratos das
raizes apresentaram maior teor de peroxidase. Apos o isolamento, a peroxidase foi
caracterizada em relacdo a aspectos moleculares e cinéticos, além de ter sido avaliada

frente a sua capacidade de degradar diferentes classes de corantes téxteis.
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2 FUNDAMENTACAO TEORICA

2.1 IndUstria Téxtil

A revolucao industrial ocorreu entre o final do século XVIII e o inicio do século
XIX na Inglaterra, e se espalhou rapidamente por toda a Europa e América do Norte. A
expansao da atividade industrial, desde entdo, tem levado a geracdo de empregos, além
de o padrdo e a qualidade de vida. Dentre as principais atividades industriais, podemos
destacar a industria téxtil, com uma demanda dos produtos gerados aumentando
rapidamente junto com o crescimento exponencial da populacdo mundial no século 21
(HEYMANN, 2011; SINGH; SINGH; SINGH, 2015). O Brasil se destaca no setor, sendo
0 quinto maior produtor téxtil do mundo com uma producéo de 1,8 milhdo de toneladas
de tecidos e um faturamento estimado em US$ 39,3 bilhGes, sendo investidos US$ 869
milhdes (ABIT, 2016).

O processo téxtil de producédo de tecidos integra a producgéo de fibras naturais e
sintéticas que, posteriormente, passara pelos processos de fiacdo, tecelagem e
beneficiamento (IEL, 2000). As fibras chegam ao mercado em forma de filamentos
continuos ou cortados que séo transformados em fios pelo processo de fiagdo. A segunda
etapa, tecelagem, é quando os fios séo entrelacados para se transformarem em tecidos.
Esses tecidos sdo encaminhados para o ultimo processo, o de beneficiamento
(branqueamento, tinturaria, estamparia, engomagem etc.) determinando ao produto final
a cor, aspecto e caracteristicas desejadas (FIGURA 1).

Durante todo seu processo, a industria téxtil usa grandes quantidades de
eletricidade, combustivel, com as correspondentes emissdes de gases de efeito estufa
(GEE) (HASANBEIGI; PRICE, 2015). Além disso, este é um dos segmentos industriais
que mais consome agua doce (FARIAS et al., 2017). Estimativas apontam que cerca de
600 milhdes de m® de agua por segundo sdo consumidos pelo maior exportador téxtil no
mundo, a Europa. De acordo com o cenario de crescimento econdmico médio, estima-se
que a demanda global de agua seja de 1500 bilhdes de m® em 2030 (VAIJNHANDL;
VALH, 2014). Grande parte dessa agua é usada nos setores de beneficiamento, ap6s o
tingimento para lavagem do excesso de corantes utilizados no processo de tingimento.
Durante o processo de tingimento, apenas cerca de 85% dos corantes usados de fato

colorem os tecidos. Os 15% restantes sdo descartados como efluente da indistria. Do



Figura 1 — Etapas envolvidas no processo téxtil
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total da agua consumida na industria, 60 a 70% sao destinadas ao processo de lavagem
(SALEN, 1998; FARIAS et al., 2017). Um exemplo deste consumo € o que ocorre em
Tirunpur, a principal cidade em producio téxtil da India. Quase 30 bilhdes de litros de
agua sdo usados anualmente no processo de coloracdo de tecidos levando ao desperdicio
total de 87 bilhdes de litros de agua como efluente téxtil (ARAVIND et al., 2016).

Em geral, os efluentes téxteis sdo altamente coloridos, ricos em metais, fendis e
outros compostos toxicos resultantes dos varios produtos quimicos utilizados na industria
téxtil (compostos inorganicos, polimeros, produtos organicos como dispersantes, acidos,
bases, sais, detergentes, umectantes, oxidantes) (HU et al., 2016; MORALI; UZAL,;
YETIS, 2016; CHEN, et al., 2017). As aguas destes efluentes apresentam portanto, altas
demandas quimicas e bioldgicas de oxigénio, alta condutividade e, normalmente, alta
alcalinidade (KALYANI et al., 2009).

Dentre os componentes dos efluentes, os corantes sao um dos mais importantes,
sendo facilmente detectados a olho nu. Estes compostos, devido a alta solubilidade na
agua, baixa taxa de degradacdo, alta toxicidade e natureza carninogénica e mutagénica,
ocasionam grandes impactos ambientais e efeitos danosos a saide (BILAL et al., 20163,
2016b; PUNZI et al., 2015). Portanto, esses compostos devem passar por etapas de
tratamento eficientes a fim de garantir a sustentablidade dos recusos hidricos, protecéo da
contaminagdo ao meio ambiente, evitando uma crise global de agua doce no futuro
(OZTURK, et al., 2016).

2.2 Corantes téxteis

O uso dos corantes pelo homem tem mais de 4000 anos, existindo mais de 100.000
corantes comercialmente disponiveis (FERREIRA, 2004). Eles podem ser definidos
como substancias que ao serem utilizadas em um substrato, como tecido, alimento, couro,
papel, madeira, entre outros, alteram, mesmo que por um tempo, qualquer estrutura
cristalina das substancias coloridas. Uma substancia para ser considerada um corante deve
apresentar algumas carcteristicas como serem estaveis a luz e aos processos de lavagem
e apresentar fixacdo uniforme com as fibras em todo o substrato (CHEQUER, et al.,
2013).

Os primeiros corantes usados para tingir substratos provinham de fontes naturais,
provenientes de plantas e de insetos, em seguida, rapidamente estes corantes deram
espaco para um processo de fabricacdo sintética (BAFANA; DEVI; CHAKRABARTI,



19

2011). Os corantes naturais, possuem uma melhor compatibilidade ambiental e
biodegradabilidade, causam menos reacGes alérgicas e toxicidade ao corpo humano
(REN, et al., 2017). Porém, os corantes naturais tém sido largamente substituidos pelos
corantes sintéticos, muitos deles considerados extremamente perigosos (KEMI, 2013).
Os principais corantes sintéticos utilizados incluem os corantes azo, trifenilmetano,
antraquinona, indigo e metano aromético (WANG et al., 2017).

A estrutura quimica dos corantes utilizados para tingimento de fibras téxteis pode
ser dividida em duas partes principais, 0 grupo cromaforo e a estrutura responsavel pela
fixacdo a fibra. A forma de fixacao do corante a essas fibras geralmente é feita em solucéo
aquosa e pode envolver basicamente 4 tipos de interacdes: ligacOes idnicas, de
hidrogénio, de Van der Waals e covalentes (GUARATINI; ZANONI, 1999).

Os corantes podem ser classificados segundo sua fixacdo, como por exemplo
acidos, diretos, a cuba, azoicos, dispersivos, de enxofre, pré-metalizados, branqueadores
e reativos, sendo estes Ultimos os mais utilizados mundialmente. J& de acordo com sua
estrutura quimica, eles podem ser classificados em antraquinonas, azos, ftalocianinas,
triarilmetanos, nitrosos e indigos (YAGUB, et al., 2014).

Quando liberados no ambiente, sem nenhum tratamento préevio, os efluentes
téxteis contendo esses corantes podem impedir a penetracdo da luz solar nas camadas
mais internas, afetando a atividade fotossintética na vida aquética e facilitando o processo
de eutrofizacdo. Além disso, como mencionado anteriormente, varios corantes sintéticos
sdo toxicos e mutagénicos devido a presenca de metais, e estruturas aromaticas etc
(BAFANA; DEVI; CHAKRABARTI, 2011; YAGUB, et al., 2014). Corantes como o
indigo e os azoicos, amplamente utlizados na industria téxtil, sdo recalcitrantes (BALAN;
MONTEIRO, 2001). Ja os corantes reativos como a antraquinona apresentam uma
elevada resisténcia bioldgica a biodegradacdo em condicbes aerdbicas (GHAZALIAN;
GHASEMI; GHANDIN, 2017).

Mesmo com todo a problematica ambiental, a fabricacdo e o uso de corantes ainda
é uma préatica muito usual, pela facil aplicacdo, baixo custo, resultados desejaveis e boa
aceitacdo pelo mercado consumidor. Dessa meneira, diversos pesquisas sdo realizadas a
fim de tratar estes efluentes contaminados e reduzir a concentragdo dos poluentes de
forma que alcance os padrdes especificados por leis ambientais, onde a quantidade de
poluentes ndo se torne uma ameagca para saude.

N&o ha um método Unico, totalmente eficaz para o tratamento de efluentes téxteis.

Isso ocorre, provavelmente, por causa da diversidade de estruturas quimicas e
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complexidade desses compostos (TABELA 1). Diferentes técnicas, incluindo os métodos
fisicos, quimicos e bioldgicos apresentam vantagens e também grandes inconvenientes
(WANG et al., 2017).

Dentre os processos fisicos destacam-se a adsor¢éo e filtracdo por membrana. O
carvao ativado como adsorvente € o mais utilizado, mas é pouco eficaz na remocéo de
corantes reativos. Para esta classe de corantes é mais indicado a nanofiltracdo por
membranas, porém elas precisam ser trocadas periodicamente ja que possuem uma vida
atil limitada. Os métodos quimicos tais como coagulacdo/floculacdo consistem em
netralizar as cargas elétricas do material em suspenséo através de coagulantes quimicos
(cloreto férrico ou sulfato de aluminio) seguida da agregacdo do coloide. Uma variagdo
desse processo, o eletroquimico, consiste na passagem de corrente elétrica através de
eletrodos resultando em diferentes reacdes quimicas, onde ha alta demanda de energia
elétrica e consumo de reagentes quimicos. Assim, 0s processos fisico-quimicos séo
considerados de alto custo além de produzirem uma grande quantidade de lodos residuais,
fazendo com que seja necessaria mais uma etapa de tratamento posterior (TURHAN et
al., 2012; WANG et al., 2017).

Os processos biolodgicos sdo mais utilizados por serem estaveis, terem baixo custo
de implementacéo e serem eficientes. Microrganismos como bactérias, leveduras, algas e
fungos sdo capazes de acumular e degradar diferentes poluentes, porém para corantes
reativos ndo sdo tdo eficientes, além de necessitarem de um pré-tratamento com
temperatura e pH na faixa adequada (WAGHMODE et al., 2012, YURTSEVER,;
CALIMLIOGLU; SAHINKAYA, 2017). Além disso, microrganismos anaerébicos que
degradam corantes produzem aminas aromaticas que também podem ser tdxicas e
cancerigenas (MEYER, 1981). Assim, medidas alternativas com melhores resultados
precisam ser estudadas e exploradas, buscando novas fontes mais econdémicas e de menor
impacto ambiental. Dentre essas estratégias, destacam-se as técnicas empregando
enzimas.

As enzimas apresentam uma alta especificidade e eficiéncia na degradacdo de
corantes recalcitrantes, dificeis de serem removidos. As técnicas envolvendo essas

biomoléculas normalmente apresentam maior rapidez mesmo em condicdes drasticas



Tabela 1 — Métodos de tratamento de efluentes téxteis

Fonte: CRINI, 2006.

Tecnologia

Coagulagao/Floculagao

Biodegradagao

Adsorgio - carbonos ativados

Separacdo de membrana

Troca idnica

Oxidacdo

Biomassa

Eletroquimico

Método

Quimico

Biologico

Fisico

Fisico

Quimico

Quimico

Biologico

Quimico

Vantagem

Simples, economicamente
viavel

Economicamente atraente,
tratamento aceitavel

O adsorvente mais eficaz,
capacidade de produzir um
efluente tratado de alta
qualidade

Remove todos os tipos de
corantes, Um efluente tratado
de alta qualidade

Regeneragdo eficaz

Processo rapido e eficiente

Baixo custo operacional, boa
eficiéncia, nenhum efeito
toxico nos microorganismos

Completa descoloracdo

Desvantagem

Alta produgdo de lamas
residuais e problemas de
eliminacéo

Processo lento, necessita da
criagdio de um ambiente
favoravel, manutengio e
necessidades nutricionais

Ineficaz  contra  corantes
dispersos, regeneragao € cara
e resulta em perdas do
adsorvente

Pressdes  elevadas,  caro,
incapazes  para  grandes
volumes

Nao ¢ eficaz para corantes
dispersos

Alto custo de energia e
necessita de produtos
quimicos

Processo lento, o desempenho
depende de alguns fatores
externos (pH, sais)

Geragdo de lodo, alto custo,
tempo de vida do eletrodo
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como amplas faixas de temperatura, pH, salinidade e altas concentragdes do
poluente, além de ndo dependerem das etapas de aclimatagdo microbiana exigidas nos
tratamentos bioldgicos convencionais (ANSARI et al., 2011, HUSAIN; HUSAIN, 2012,
RAO et al., 2014).

Pelo menos seis classes de enzimas podem ser utilizadas nos tratamento de
efluentes téxteis, dentre elas as oxidorredutases. Essas enzimas sdo capazes de degradar
compostos poluentes, oxidando-os como substratos e reduzindo o oxigénio a agua
(ASGHER et al., 2008). Dentro da classe das oxidorredutases podemos destacar as
lacases e as peroxidases. Elas desempenham papéis importantes em muitos processos
bioguimicos, tais como respostas ao estresse, eliminacdo xenobiética, biossintese da
parede celular e outras (LIU et al., 2017).

Lacases (EC 1.10.3.2) possuem quatro atomos de cobre ligados ao centro ativo e
catalisam a oxidacdo de numerosos compostos aromaticos (principalmente fendis).
Também sdo capazes de catalisar a oxidagdo de outros polifenois, aminas aromaticas,
corantes fenolicos, clorofendis, benzopirenos, organofosforados (DURAN; ESPOSITO,
2000; CHEN et al, 2002; DENIZLI et al., 2005). Essas enzimas, portanto, podem ser
utilizadas no tratamento de efluentes téxteis, oxidando os corantes ali presentes (LI et
al.,2017; TEERAPATSAKUL et al., 2017). Ja as peroxidases sdo enzimas produzidas
por diferentes organismos como bacteérias, fungos, animais e plantas. Ha varios relatos na
literatura acerca do potencial biotecnoldgico dessas enzimas no que se refere a
degradacdo de compostos recalcitrantes incluindo os corantes téxteis (CHIONG, et al.,
2016).

2.3 Peroxidases

Peroxidases (EC 1.11.1.X) s&o oxidorredutases que catalisam uma variedade de
reacOes tais como a reducdo do peroxido de hidrogénio (H202) e a oxidacdo de uma
variedade de compostos organicos e inorganicos (BANSAL; KANWAR, 2013). Essas
enzimas sdo encontradas em diferentes organismos como animais, plantas, bactérias e
fungos, representando um grupo heterogénio de proteinas (LAZZAROTTO; ZOLET;
PINHEIRO, 2015). A maioria das peroxidases possui 0 ferro como grupo prostético e
apresenta massa molecular variando de 30 a 150 kDa. Elas podem ser representadas por
formas anidnicas e catiénicas, sendo estas Ultimas mais abundantes e mais ativas que as
formas anidnicas (DICKO et al., 2006).
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Os membros das superfamilias de peroxidases foram divididas em trés classes
com base em suas relacdes filogenéticas: classe I, classe 1l e classe 111. As peroxidases da
classe | sdo as mais difundidas, estando presentes tanto em eucariotos como em
procariotos (LAZZAROTTO; ZOLET; PINHEIRO, 2015). Essa classe é composta por
peroxidases intracelulares como as ascorbato peroxidases (APx), catalase peroxidases
(CP) e citocromo-c peroxidases (CcP). As peroxidases classe Il compreendem as
peroxidases secretadas de fungos, tais como as lignina peroxidases (LiP) e manganés
peroxidases (MnP). Ja as peroxidases classe Ill representam aquelas encontradas em
plantas (ZAMOCKY, 2004).

As peroxidases da classe 11l sdo consideradas proteinas apoplasticas, secretadas
pela célula porém, apresentando isoformas vacuolares. As funcgdes fisiologicas dessas
enzimas estdo associadas a mecanismos de defesa, metabolismo de auxinas e a biossintese
de polimeros da parede celular tais como suberina e lignina, 0s quais atuam como uma
barreira fisica para estresses bidticos e abidticos (DUBROVSKAYA et al., 2017). E
sabido que essas enzimas sdo produzidas em maior quantidade como resposta a estresses
abioticos e/ou bioticos a fim de evitar a producdo excessiva de radicais livres (anion
superdxido, radical hidroxil e perdxido de hidrogénio) (MOLLER; JESEN; HANSSON,
2007; ZHANG et al., 2007).

Com relacdo aos estresses abidticos ocasionados por compostos quimicos, é
sabido que as peroxidases desempenham um efeito protetor relacionado a oxidacgédo de
metabolitos fenolicos toxicos e/ou substratos poliméricos como a lignina (GIANFREDA,
2015). Plantas submetidas ao estresse provocado pelo herbicida atrazina, por exemplo,
apresentaram aumentos significativos de peroxidase (POX) e ascorbato peroxidase
(APX). A atrazina é conhecida por inibir o fotossistema Il, blogqueando o transporte de
elétrons o que pode ocasionar a necrose dos tecidos vegetais das espécies sensiveis a ela
(ERINLE, et al., 2016). Além disso, esse herbicida possui uma baixa solubilidade em
agua e apresenta grande recalcitrancia quando presente nos solos podendo ser facilmente
lixiviada (COLDEBELLA, et al., 2016).

Vérias peroxidases mostraram capacidade de degradacgdo de corantes com elevada
atividade especifica e estabilidade no que se refere a variagcbes de pH e temperatura.
Peroxidases isoladas de Momordica charantia, Glycine max, Brassica oleracea,
Saccharum uvarum, Solanum tuberosum e Trichosanthes diocia sdo exemplos de enzimas

que se mostraram eficientes tanto na degradacdo de corantes azo como de corantes néo
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azo (SHAFFIQU et al., 2002; KHAN; HUSAIN, 2007; JAMAL; PANDEY; QIDWAI,
2010).

As peroxidases classe Ill representam, portanto, um recurso facilmente
disponivel, de baixo custo e sustentavel para o tratamento de efluentes contendo
diferentes tipos de corantes incluindo os da industria téxtil. Assim, o desenvolvimento de
bioprocessos eficazes utilizando enzimas para o tratamento destes efluentes tem grande

potencial para serem implantados, inclusive, em escala industrial.

2.4 Moringa oleifera Lamarck

Moringa oleifera é uma planta tropical de pequeno a médio porte, pertencente a
familia Moringaceae, Unica familia de arbustos. A arvore possui um troco unico e
delgado, folhas bipinadas ou tripinadas, flores brancas, frutos compridos e sementes
aladas para facilitar a propagacdo (FIGURA 2). A germinacdo desta espécie é rapida, a
partir do quinto dia ja ocorre a profusdo da raiz primaria e em aproximadamente vinte
dias ha expansdo do epicétilo e o surgimento das primeiras folhas (FIGURA 3). Mais
conhecida como moringa, essa espécie é nativa do Noroeste da india, sendo amplamente
cultivada em areas tropicais e subtropicais como Asia, Africa e América do Sul (ANWAR
et al., 2007). No Brasil, é encontrada na regido Nordeste, principalmente nos estados de
Maranhdo, Piaui e Ceara (MATOS, 1998; CYSNE, 2006).

Muitas propriedades terapéuticas sdo atribuidas a moringa: bactericida,
anticancer, diurética, antipirética, analgésica, anti-inflamatoria e hipoglicemiante
(ANAND, et al., 2015; GONZALEZ, et al., 2017; MUHAMMAD; ASMAWI; KHAN,
2016; PAULA, et al., 2016; DUBEY et al., 2013). Além disso, seus frutos, folhas, flores
e sementes sdo comestiveis, tornando-a uma alternativa para o combate a desnutricao,
visto que apresentam uma grande quantidade de vitaminas, sais minerais e proteinas ricas
em aminoacidos essenciais (WADHWA et al., 2013). Seus frutos possuem 7 vezes mais
vitamina C do que laranjas, 10 vezes mais vitamina A do que cenouras, 17 vezes mais
calcio do que o leite, 9 vezes mais proteinas do que iogurte, 15 vezes mais de potassio do
que bananas e 25 vezes mais de ferro do que o espinafre (GOPALAKRISHNAN;
DORIYA; KUMAR, 2016). Vérios estudos mostram o grande potencial dessa espécie na
melhoria nutricional de alimentos ja consumidos pela populacdo (OYEYINKA,
OYEYINKA, 2016).
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A resisténcia ao ataque de pragas e patdgenos da M. oleifera, também é uma de
suas caracteristicas, uma vez que essa espéecie é pouco afetada por insetos e outras doencas
(RAMACHADRAN; PETER; GOPALAKRISHNAN, 1980). Extratos de varias partes
da planta apresentaram acgdo antifungica contra Basidiobolus haptosporus, Basidiobolus
ranarum, Trichophyton rubrum e T. mentagrophytes (NWOSU; OKAFOR, 1995). Os
extratos de suas raizes tambeém tiveram agdo contra nematoides que atacam tomateiros
(Meloidogyne incognita) (HOAN; DAVIDE, 1979).

Outra utilizacdo da espécie é no tratamento de aguas superficiais por serem as
sementes de moringa, um coagulante natural, capaz de reduzir a turbidez da agua
tornando-a apropriada ao consumo (BAPTISTA, et al., 2017). Segundo Gassenschmidt e
colaboradores (1995), a purificacdo da agua é devido a presenca de peptideos catidnicos
de massa molecular variando de 6,0 a 16,0 kDa e de ponto isoelétrico em torno de 10,0.
FracGes enriquecidas dessas proteinas coagulantes sdo altamente termoestaveis,
mantendo a capacidade de aglutinar material em suspensdo, além de agregar e inibir o
crescimento de microrganismos como Escherichia coli e Bacillus thurigiensis, mesmo
quando aquecidas a 96 °C, por 5 horas (GHEBREMICHAEL et al., 2005).

Também ja tem sido relatada a capacidade da espécie em remover diferentes tipos
de contaminantes da adgua (OLSEN, 1987). Por exemplo, extratos de sementes dessa
espécie removeu 99% do corante do tipo azo Chicago Sky Blue 6B, um corante anidnico
muito recalcitrante (HEREDIA; MARTIN, 2008). Em outro estudo, o extrato de sementes
de moringa foi eficaz na remogao de 95% do corante Alizarin Violet 3R, antraquindnico,
por um processo de coagulacdo (HEREDIA et al., 2009). Sementes de moringa sem casca
também foram eficazes na remocédo do corante Acid Orange 7 (MARANDI; SEPEHR,
2011).

Os metais pesados sdo outros contaminantes encontrados nas aguas que sdo
prejudiciais a saude e se acumulam na cadeia alimentar dos animais. Alguns estudos
mostram que M. oleifera é capaz de remediar ambientes contaminados com metais como
cadmio chumbo e arsénio (SHARMA, et al., 2007; KUMARI et al.,2006; ADELAJA,
AMOO, ADERIBIGBE, 2011). Além das sementes, as cascas, raizes, folhas e vagens
dessa espécie mostraram eficiéncia na remocao de ions metalicos de aguas contaminadas,
mostrando a versatilidade desta planta (SHINOMOL et al., 2016). Amadi e Tanee (2014)
por exemplo, identificaram uma drastica reducdo na quantidade de metais pesados em

solos submetidos a fitorremediacdo por M. oleifera, sendo observado o maior acimulo
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desses elementos nas raizes, o que demonstra a capacidade de fitoextracdo de metais por
essa planta.

Dados previos obtidos por nosso grupo de pesquisa mostraram que raizes de M.
oleifera apresentavam uma consideravel atividade peroxidasica quando comparada a
outros 6rgdos da planta, como as folhas. Essa atividade era cerca de 200% maior, quando
as plantas eram submetidas ao contato com o herbicida atrazina. Provavelmente, o
estresse oxidativo ocasionado por esse composto foi capaz de induzir a producgédo dessas
enzimas, ja bem relatadas acerca de seu envolvimento nos eventos de reducéo de espécies
reativas do oxigénio. Como mencionado anteriormente, peroxidases apresentam grande
potencial biotecnoldgico na area ambiental devido a capacidade de degradar diferentes
tipos de compostos xenobioticos. Assim, o presente trabalho teve como objetivo, a
purificacdo e caracterizacdo de, pelo menos, uma peroxidase de raizes de M. oleifera e,

avaliar o potencial da proteina isolada na degradacao de corantes téxteis.



Figura 2 — Moringa oleifera Lamarck

Fonte: PINTO, 2014. (A) Arvore M. oleifera; (B) Folhas; (C) Flor (D) Sementes
aladas; (E) Fruto maduro.
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Figura 3 — Fases da geminacéo de Moringa oleifera Lamarck

Fonte: RAMOS et al., 2010 (com modificacao).
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3 PERGUNTAS DE PARTIDA

Sabendo que as peroxidases de raizes de M. oleifera sdo induzidas pela presenca
de atrazina, poderia esse herbicida ser utilizado como uma estratégia para o
aumento do teor dessa(s) enzima(s) nesse 6rgdo?

Qual seria a estratégia experimental mais adequada para a extracdo e purificagdo
de peroxidase(s) a partir de raizes de Moringa oleifera?

A peroxidase purificada das raizes de Moringa oleifera teria a capacidade de

degradar corantes téxteis?
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4 HIPOTESE
Raizes de Moringa oleifera representam uma fonte promissora de peroxidase(s), as quais

podem apresentar potencial biotecnologico na degradacdo de compostos organicos de
interesse ambiental incluindo os corantes téxteis.
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5 OBJETIVO

5.1 Objetivo Geral

Purificar, caracterizar bioquimicamente e avaliar o potencial de degradacdo de
corantes téxteis de uma peroxidase de raizes de Moringa oleifera

5.2 Objetivos Especificos

Definir as condicdes de extracdo de proteinas a partir de raizes de Moringa

oleifera;

e Definir a concentracdo de atrazina necessaria para a maior inducdo de peroxidase

e Purificar uma peroxidase de raizes de Moringa oleifera;

e Determinar as caracteristicas bioquimicas da peroxidase purificada;

e Avaliar a capacidade da peroxidase em degradar diferentes tipos de corantes

téxteis.
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Abstract

A class 111 peroxidase from Moringa oleifera roots (named MoPOX) was purified
using DEAE-Sephacel and gel filtration chromatography on a Superdex® 75 column.
MoPOX has an apparent molecular mass of 45.6 kDa and a pl of 9.4. The optimum pH
and temperature for MoPOX were 5.2 and 70 °C, respectively. MoPOX maintained at
least 80% of its catalytic activity after incubation at 70 °C for 60 min, showing to be high
thermostable. MoPOX follows Michaelis-Menten kinetics with a high affinity for
guaiacol and hydrogen peroxide. In addition, this enzyme present specificity for other
substrates as O-dianisidine and eugenol. The catalytic activity of MoPOX was slightly
increased in the presence of Ca?* and Na*, and totally inhibited in the presence of DTT.
Purified MoPOX (0.15, 0.03 or 0.015 mg/mL) degrades different dyes (10, 25, 50 or 100
mg/L), such as Remazol® Blue RGB, Remazol® Navy RGB and Telon® Turquoise M-5G
85%. For these compounds, the decolorization rates varied from 15 to 90%, depending
on the concentration of dye, enzyme, and time of exposure. MoPOX is the first peroxidase
purified from roots of M. oleifera that show the ability to degrade different types of textile
dyes, which turn this enzyme a potential molecule for application in strategies for

biodegradation of hazardous compounds.

Keywords: Peroxidase, Moringa oleifera, textile dyes
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1.0 Introduction

Peroxidases (EC 1.11.1.7) are oxidoreductases that catalyze a variety of reactions
such as reduction of hydrogen peroxide (H202) and oxidation of a variety of organic and
inorganic compounds (Bansal and Kanwar, 2013). These enzymes are widely distributed
in nature, being produced by a variety of sources including plants, animals, and
microorganisms. Based on the homologies in amino acid sequences, peroxidases have
been classified as: (i) Class | include the intracellular enzymes found in plant, bacteria
and yeast (ascorbate peroxidase, catalase peroxidase etc.); (ii) Class Il are fungal
extracellular peroxidases (manganese and lignin-peroxidase); and Class I11 (EC 1.11.1.7)
are plant secretory-peroxidases (Hiraga et al., 2001). Physiological functions of plant
peroxidases are related to defense mechanisms, auxin metabolism, and biosynthesis of
the cell-wall polymers performing the function of a physical barrier against biotic and
abiotic stress factors (Shigeto and Tsutsumi, 2016).

Plant peroxidases are known to exhibit broad substrate specificity such as
aromatic compounds and synthetic compounds (Dubrovskaya et al., 2016). Because of
this, these enzymes have potential for biotransformation of organic compounds, removal
of phenolics and aromatic amines from polluted water and water-miscible organic
solvents. The abilities of peroxidases for decolorization of synthetic dyes from
contaminated water and industrial effluents have also been reported (Kalsoon, Bhatti and
Asgher 2015).

Textile dye manufacturing and processing industry liberate huge volumes of
effluents to the ecosphere (Khandare and Govindwar 2015). Synthetic dyes are
recalcitrant molecules that constitute the main residue found in the effluent of the textile

dying industry (Dellamatrice et al., 2017). It has been estimated that the losses of
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colorants to the environment can reach 10-50% (Mansour et al., 2012). These compounds
may decrease the dissemination of daylight, reducing the overall rate of photosynthesis
of algae and other aquatic vegetation, the gas solubility, and esthetic merit of
contaminated water (Kalsoon et al., 2015). Furthermore, some dyes and their breakdown
products are highly toxic, carcinogenic and mutagenic to living organisms (Xu et al.,
2007; Chequer et al., 2013).

Various chemical, physical and biological techniques have been applied to
remove dyes from industrial wastewater prior to their release into the aquatic
environment. All of them present advantages, but also disadvantages, such as high cost,
use of environmentally hazardous chemical substance, generation of large amounts of
sludge, and long time for complete dye mineralization (Kalsoon et al.,2015).
Biotreatment offers a cheaper and environmentally friendlier alternative for colour
removal, but presents some inconveniences such as the susceptibility for toxic dyes and
other substances present in the effluent. Therefore, in cases where there is limitation of
organism growth, isolated enzymes systems are preferred (Chacko and Subramaniam
2011).

Enzymatic treatments have attracted much attention as cost effective and
environment friendly technique for detoxification of dye-contaminated industrial
effluents. The high specificity of enzymes enables targeted recalcitrant pollutants in
wastewater to be removed by precipitation or transformation them into innocuous
products. Enzymatic treatment processes can occur at extreme pollutant concentrations
and over wide ranges of temperatures, pH and salinity (Chiong et al., 2016). Moreover,
these treatments are considered fast because are not dependent of microbial
acclimatization (Husain, 2010). Peroxidases are enzymes that have been correlated with

the decolorization of dyes. The enzyme horseradish peroxidase (HRP), for example, is a
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versatile enzyme effective in the removal of a wide spectrum of aromatic compounds
(phenols, biphenols, anilines) and in the degradation and precipitation of important
industrial azo dyes (Sekuljica et al., 2015; Bilal et al., 2016; Janovic et al., 2017).
However, the high cost of commercial HRP has led recent research efforts towards
discovering cheaper sources of plant peroxidases for the treatment of dye effluents
(Chiong et al., 2016).

Moringa oleifera is a tree native to India that grows at tropics and subtropics of
Africa, Asia, and Americas. Almost every part of the plant can be used as food or with
medical and therapeutic purposes (Anwar et al., 2007). Moreover, M. oleifera is very
effective natural agent used for water treatment (Kansal and Kumari, 2014). Preliminary
data obtained by our research group showed that roots of M. oleifera present a high
peroxidase activity. In the present study, we reported the purification and characterization
of a new peroxidase from roots of M. oleifera. We also investigated the potential of this

enzyme in the degradation of different classes of textile dyes.
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2.0 Materials and Methods

2.1 Chemicals

DEAE-Sephacel, Superdex® 75, molecular mass markers were purchased from
GE Healthcare (Uppsala, Sweden). Guaiacol, dithiothreitol (DTT), o-dianisidine,
eugenol, ascorbic acid, NADH, 2,2'-Azinobis [3-ethylbenzothiazoline-6-sulfonic acid]-
diammonium salt (ABTS), aminoantipyrine, syringaldazine and tryptophan were
obtained from Sigma-Aldrich Ltd. (St. Louis, USA). Textile dyes were gently provided

by the company DyStar. All other chemicals were of analytical grade for biochemical use.

2.2 Plant material and growth conditions

Moringa oleifera seeds were harvested, at 65 days after anthesis from trees
naturally growing at the Campus do Pici, Fortaleza, Ceard, Brazil. The seeds with no
cracks or other injuries, were surface sterilized with 0.2% active chlorine (hypochlorite)
for 5 min, rinsed exhaustively with and soaked in distilled water for 1 h and germinated
in Germtest paper humidified with MilliQ grade water. The seeds were kept near 100%
relative humidity in the dark for 8 days. After this period, the seedlings were transferred
to 2.0 L plastic pots (three per pot) containing 1.5 L distilled water and dilutes (10 x)
Hoagland nutritive solution. These plants were kept in a greenhouse for 30 days under
natural conditions of a semiarid region of Brazil, with day/night, temperatures of 31.0 =
3.0° C/26.0 = 0.8°C, respectively and 80.0 + 7.9% relative humidity, with periodic
exchanges of nutritive solution.

Previous data obtained by our research group showed that M. oleifera plants
treated with the herbicide atrazine presented higher levels of peroxidase in their roots

when compared with no treated plants. Thus, before the beginning of the processes of
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extraction and purification, the plants were treated with this herbicide at three
concentrations (0.02, 0.2 and 2.0 mg/L) in different time (0, 1, 2, 4, 6, 12, 24, 48 h)
intervals aiming to evaluate which one induced a higher level of peroxidase. The
concentration of 0.2 mg of atrazine per liter at a contact time of 1 h were chosen. In the
next stage, germinated seeds were transferred to pots containing 1.5 L of atrazine solution
(0.2 mg/L). After 1 hour, the plants were collected, weighted and immediately frozen

using liquid nitrogen (N2). Then, the roots were stored at -80 °C for later analysis.

2.3 Extraction procedures

M. oleifera roots (70 g) were harvested and ground in liquid N2 with mortar and
pestle. After the N2 had evaporated away, the frozen powder was immediately brought
into contact with 0.1 M sodium acetate buffer (1:3 w/v) at pH 5.2 and was subjected to
moderate stirring for 2 h, at 4 °C. The crude extract was filtered and centrifuged at 15.000
x g at 4 °C for 20 min, and the supernatant was dialyzed (12 kDa molecular weight cutoff
membrane) against distilled water for 24 h and designated as the soluble protein extract

(SPE). The SPE was concentrated by freeze-drying and used for further purification.

2.4 Purification of M. oleifera root peroxidase (MoPOX)

The lyophilized soluble protein extract (SPE) from M. oleifera roots was
resuspended in 0.1 M sodium acetate, pH 5.2, centrifuged (10.000 x g at 4 °C for 10 min)
and the supernatant (155.2 mgP) applied in a DEAE-Sephacel column (20.0 x 1.5 cm)
previously equilibrated with 0.1 M sodium acetate buffer (pH 5.2). The column was
washed with equilibration buffer. Retained proteins were eluted with the same buffer
containing 0.5 M NaCl. For both retained and non-retained proteins fractions of 2 mL

were collected, flow 1 mL/min. Absorbances at 280 nm, SDS—PAGE electrophoresis
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(Laemmli, 1970) and peroxidase activity were monitored (Urbanek et al., 1991). The
eluted fractions containing peroxidase activity were named D2, pooled and used for
subsequent steps.

The fraction D2 (6.9 mgP) obtained from the DEAE-Sephacel (20.0 x 1.5 cm)
chromatography presenting a high peroxidase activity and, in addition, a low number of
protein bands, was loaded onto a Superdex® 75 (60.0 x 1.6 cm) column, previously
equilibrated with 0.1 M sodium acetate buffer (pH 5.2). Absorbances at 280 nm, and
peroxidase activity were monitored (Urbanek et al., 1991). The purified peroxidase,

named MoPOX, was subjected to further analysis.

2.5 Protein quantification
Protein at each step of the purification procedure was determined according to the
bicinchoninic acid (BCA) method (Smith et al, 1985) or following the method described

by Bradford (1976). Bovine serum albumin was used as the standard.

2.6 Peroxidase activity

Colorimetric assays were performed according to Urbanek, Kuzniak-Gebarowska
and Herka, (1991) using guaiacol and H20: as substrates. Aliquots of 0.02 mL of the
samples were added to a solution composed of 0.5 mL 60 mM H202, 0.5 mL 20 mM
guaiacol, and 0.980 mL 50 mM Na-acetate buffer, pH 5.2. Reaction was conducted for
incubation 10 min at 30 °C and absorbances were taken at 480 nm in 30-second intervals

up to 3 min, express in UA/mgP.

2.7 Protein profile analysis by SDS—PAGE Electrophoresis
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Protein profile of extracts and chromatography eluted fractions were analyzed by
denaturing electrophoresis (SDS-PAGE) using 10% (w/v) polyacrylamide gels (8.5 x 8.0
cm) as previously described (Laemmli, 1970). Samples were dissolved in the sample
buffer, boiled (98 °C) for 5 min in a water bath, centrifuged (12,500 x g, 10 min, 4 °C)
and the supernatants loaded on the gel. Electrophoresis run at 20 mA, 150 V and 10 W
for 45 min. Phosphorylase b (97 kDa), bovine serum albumin (66 kDa), egg albumin (45
kDa), carbonic anhydrase (29 kDa), soybean trypsin inhibitor (20.1 kDa) and a-
lactoalbumin (14.4 kDa) were used as protein markers. The protein bands were visualized

after staining with blue silver (Candiano et al. 2004).

2.8 Glycoprotein nature

The glycoprotein nature of the MoPOX was investigated by periodic acid-Schiff
(Sigma-Aldrich Co., MO, EUA) staining as described by Zacharius et al. 1969. Samples
of the purified enzyme (10 pg) were applied onto an electrophoresis (SDS-PAGE) as
mentioned previously. After this, the gel was fixed in 7.5% (v/v) acetic acid solution for
2 h, immersed in 0.2% (v/v) periodic acid solution at 4 °C, for 45 min, followed by
immersion in the Schiff reagent at 4 °C, for 45 min. Then, the gel was immersed in a 0.5%
(w/v) potassium metabisulfite solution prepared in 0.05 M HCI for the investigation of

glycoprotein nature.

2.9 Carbohydrate content

The carbohydrate content of MoPOX was estimated by the method of Dubois et
al. (1956) using galactose as standard. To 50 uL of MoPOX (1 mg/mL), 30 uL of phenol
5% (v/v) and 150 pL of concentrated sulfuric acid 37% were added. The mixture was

stirred and left at 98°C for 5 min. Readings were taken at 490 nm. The carbohydrate
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content was estimated based on a calibration curve built with different concentrations of

galactose. The value is expressed in percentage (%) of carbohydrate per protein mass.

2.10 Isoelectric point (pl)

MoPOX (50 ug) was solubilized in a solution of 7 M urea and 2 M thiourea. A
polyacrylamide gel strip with immobilized pH gradient, 11 cm, pH 4-11 was placed into
contact with 0.25 mL of rehydration buffer (8 M urea, 2% [w/v] CHAPS, 0.3% [w/v]
dithiothreitol [DTT] and 0.001% [w/v] bromophenol blue) and MoPOX (50 ng) for 16 h
at 20 °C. Isoelectric focusing (IEF) was performed using a Multiphor Il Electrophoresis
System (Pharmacia Biotech) at 20 °C using the following schedule: 500 V for 30 min;
3000 V for 6 h and 9500 V for 2 h. After IEF, the strip was stained with blue silver

(Candiano et al. 2004) and analyzed using Marker 11 software (Amersham Bioscience®).

2.11 Kinetic parameters

The Km and Vmax values of the M. oleifera root peroxidase were estimated, using
the guaiacol and H2O> as substrates, from the Lineweaver—Burk plots. The reactions took
place at 30 °C. The enzyme activity was measured at 480 nm for different concentrations
(0.0015 — 0.10 M) of guaiacol while the H202 concentration was constant (0.06 M), and
for different concentrations (0.00011 — 0.06 M) of H202 while guaiacol concentration was

constant (0.02 M).

2.12 Optimum pH
The optimum pH value for the peroxidase activity of MoPOX (0.21 ng) was
evaluated by assaying enzyme activity using the following buffers: 0.1 M glycine- HCI,

pH 2.6; 0.1 M sodium acetate, pH 4.0 and 5.2; 0.1 M sodium phosphate, pH 6.0 and pH
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7.0; 0.1 M Tris-HCI, pH 8.0; 0.1 M glycine-NaOH, pH 9.0 and 0.1 M sodium borate pH

10.0. The peroxidase assay conditions were similar to that previously described.

2.13 Optimum temperature and heat stability

The optimum temperature value for the peroxidase activity of MoPOX (0.21 nug)
was evaluated using guaiacol and H2>O: as the substrates at temperatures of 30, 40, 50,
60, 70, 80 and 90 °C at pH 5.2. The heat stability was also evaluated using guaiacol and
H20- as the substrates and incubating the enzyme at 30, 60, 70 and 80 °C for 10, 20, 30
and 60 min in 0.1 M sodium acetate, pH 5.2. After heating, the enzyme solutions were
cooled and residual peroxidase activity was immediately evaluated under standard assays

conditions.

2.14 Effect of metal ions on peroxidase activity

The effect of the metal ions on the enzymatic activity of MoPOX was done adding
to the reaction mixture NaCl, MnCl, MgCl. or CaCl; at the following concentrations:
0.01,0.05,0.10,0.20 and 0.50 M. The MoPOX (0.21 nug) activity was measured according

to the procedure described previously.

2.15 Effect of inhibitors on peroxidase activity

Inhibitory effect of different compounds (dithiothreitol, SDS, azide or EDTA) on
MoPOX activity was determined by combining reaction mixture containing guaiacol (20
mM) as substrate, MOPOX (0.21 ug), inhibitor (1 mM) and 60 mM H202 in 50 mM
sodium acetate buffer (pH 5.2). The peroxidase activity was measured according to the

procedure described previously.
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2.16 Determination of substrate specificity

The specificity of MoPOX (0.21 ug) was tested using some compounds as
substrate in substitution to guaiacol: ABST [2,2 -azino-bis (3-ethylbenzthiazoline-6-
sulphonic acid)], o-dianisidine, eugenol, ascorbic acid, NADH (nicotinamide adenine
dinucleotide), aminoantipyrine, syringaldazine, coomassie brilliant blue, tryptophan and
tyrosine. These compounds were used at a final concentration of 20 mM dissolved in 50
mM sodium acetate buffer, pH 5.2 plus 60 mM H20. (Johri et al., 2005). The specific
activity was described as an increase in absorbance over time, with exception of ascorbic

acid, for which the decrease in the absorbance represented the activity.

2.17 Decolorization of dyes

Dyes Remazol® Blue RGB (RB), Remazol® Navy RGB (RN), Levafix® Orange
E-3 GA (LO), Telon® Turquoise M-5G 85% (TT), Astrazon® Yellow 5GL 200% (AY),
and Astrazon® Red FBL (AR) in the concentrations of 10, 25, 50 and 100 mg/L, were
subjected to decolorization assay to analyze if these serve as reducing substrates to
MoPOX.

Microtitration plates wells were added of 0.001 M hydrogen peroxide, 0.05 M
sodium acetate, pH 5.2, and buffered dye solution under the conditions described above.
Then, MoPOX was added in the concentrations of 0.15, 0.03 and 0.015 mg/mL. The assay
was done using a microplate spectrophotometer (Epoch, Biotek) at the maximum
wavelength of each substrate: RB (595 nm), RN (600 nm), LO (490 nm), TT (610 nm),
AY (555 nm), AR (725 nm). The measures were done at the periods of 0, 1, 6, 12, 24 and
48 h of incubation. Percent dye decolorization was calculated as follows:

% decolorization = AbSinitia — AbSfinat X 100

ADbSinitial
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3.0 Results and Discussion

3.1 Effect of atrazine on peroxidase activity

It’s known that some biotic and abiotic stress may alter the arsenal and content of
some proteins in plants (War et al., 2011; Jiang et al., 2016). Data obtained by our
research group, for example, showed that M. oleifera plants treated with the herbicide
atrazine presented higher levels of some enzymes related to oxidative stress when
compared with no treated plants. Among these enzymes, there are peroxidases. Therefore,
with these results we chose pre-treat M. oleifera plants with atrazine to increase the
peroxidase content of roots before to adopt an extraction and purification protocols. For
this, the best concentration (0.02, 0.2 and 2.0 mg/L) and time of contact (0, 1, 6, 12, 24,
48 h) with atrazine were tested. Figure 1 shows that the maximum induction (200.3%
relative to controls) of peroxidase was observed at a concentration of 0.2 mg/L and an
exposure time of 1 h.

Atrazine is a photosynthetic herbicide that blocks the flow of electron through
photosystem 11, and thus blocks the transfer of excitation energy from chlorophyll to the
photosystem I reaction center (Alla and Hassan, 2006). Consequently, an oxidative stress
is formed leading to production of reactive oxygen species (ROS) which may lead to
damage in biomacromolecules such lipid, protein and DNA. The most important
mechanism used by plants to prevent the effects of these ROS is through ROS scavenging.

Antioxidants enzymes such as superoxide dismutase (SOD), catalase
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Figure 1 - Effect of atrazine on the content of root peroxidases. Moringa oleifera plants
were treated with different concentrations of atrazine (0.02, 0.2 and 2.0 mg/L), and
different time intervals (0, 1, 2, 4, 6, 12, 24 and 48 h). Control: Distilled water and dilutes

(10 x) Hoagland nutritive solution.
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(CAT) and peroxidases are important in the removal of ROS, and normally are induced
when plants are under an oxidative stress (Jiang et al., 2016). In the present work, the
contact of M. oleifera roots with atrazine, probably, caused an oxidative stress that was

responsible for a significant increase of peroxidase levels in this tissue.

3.2 Purification of MoPOX

The crude extract obtained from M. oleifera roots (specific activity 23.55
UA/mg of protein) was submitted to dialysis (12 kDa cut off) with the objective of remove
salts, carbohydrates and low molecular weight molecules. The dialysate exhibiting a
specific peroxidase activity of 261.4 UA/mg of protein was further concentrated by freeze
drying, then solubilized at a minimum volume of 0.1 M sodium acetate, pH 5.2 and
applied in an anion-exchange chromatography (DEAE-Sephacel) at a flow of 60 mL/h.
Peroxidase was distributed into two peaks: one of them obtained from non-retained
pooled fractions (213 UA/mg of protein) while the other, eluted with the 0.1 M sodium
acetate, pH 5.2, containing 0.5 M NaCl (Figure 2A). Because the retained fractions
presented a low number of electrophoresis band besides a high peroxidase activity (278
UA/mg of protein), we chose it to proceed with the purification process (data not shown).
Thus, this fraction was loaded onto a molecular exclusion chromatography, and it was
obtained two peaks. The first one (S1) corresponding to a molecular mass of 66.1 kDa
with no peroxidase activity and the other (S2) with a mass of 45.6 kDa and a specific
activity of 2109.1 UA/mg of protein (Table 1). After this final purification step, 89.56
fold was achieved with a yield of 0.13%. The purified fraction S2, named MoPOX, shows

one band under non-denaturing conditions (Figure 2B).

3.3 Molecular weight and purity
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The molecular weight and purity of MoPOX was also analyzed by SDS-
PAGE. As mentioned previously, after the molecular exclusion chromatography
(Superdex), a single band was detected for MoPOX corresponding to a Mr of 45.6 kDa
(Figure 2B). MoPOX was subjected to reducing (2-mercaptoethanol or dithiothreitol)
SDS-PAGE, and again a single band was detected, confirming the monomeric nature of
MoPOX like most plant peroxidases (data not shown) (Duarte-Vazquez et al., 2001,
Kumar et al., 2011; Diao et al., 2014; Oliveira et al., 2017). In comparison to other
molecular weights of purified plant peroxidases, MoPOX was similar to those of M.
oleifera leaves (43 kDa) (Kathun et al., 2012), Jatropha curcas leaves (48 kDa) (Cai et

al., 2012), and Brassica rapa roots (45 kDa) (Dalal and Gupta, 2010).

3.4 Glycoprotein nature and carbohydrate content

Because many class I11 peroxidases have been characterized as glycoprotein,
the presence of carbohydrate in MoPOX was investigated. After staining by periodate-
Schiff’s reagent on SDS-PAGE, MoPOX exhibited a pink color, characteristic of
glycoproteins (Figure 2B - insert). According to the phenol-sulfuric acid reaction, the
carbohydrate content was 3.4%, which is less than that found in other species such as
Vanilla planifolia (15.0%), Viscum angulatum (12.6%) and Brassica rapa (18.0%) (Das
Sharma, Mishra, 2011; Marquez et al., 2008; Duarte-Vazquez et al., 2003). However, this
value was similar to that of a peroxidase of wheat germ (4.1%) (Converso and Fernandez,

1995).
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Figure 2 - Chromatographic steps for the purification of MoPOX. A) lon-exchange
chromatography of root proteins on DEAE-Sephacel (20.0 x 1.5 cm) column previously
equilibrated with 0.1 M Na-acetate buffer, pH 5.2. The retained proteins were eluted with
0.5 and 1.0 M NaCl. B) Exclusion size chromatography of D2 on Superdex® 75 (60.0 x
1.6 cm) column previously equilibrated with 0.1 M Na-acetate buffer, pH 5.2. A red line
denotes the peroxidase activity of the eluted proteins. Insert: SDS-PAGE of the purified
peroxidase obtained during the purification steps of MoPOX. Lane M — Molecular weight

markers; 1 — MoPOX; 2 — stained with Schiff’s reagent.
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Table 1 — Purification steps of a peroxidase from M. oleifera roots.

Step Total Total activity® Specific Yield® Purification®
protein? (UA) activity (UA (%) (fold)
(mg) mg™?)
SPE® 1380+ 32566 +4.80 2355+022 100 1
0.90
DEAE- 0.34+£0.03 9462+850 278.00+04 2.46 11.82
Sephacel
Sephadex-75 0.02+0.00 3646231  2109.09+0.51 0.13 89.56

& The total amount of protein recovered from 70 g of M. oleifera roots

b One unit of peroxidase activity (UA) was defined as the change of an absorbance unit
per min at 470 nm.

¢ The recovery of protein at each purification step (SPE, 100%).

d purification index is calculated as the ratio between the specific activity obtained at each
purification step and that of the SPE taken as 1.0.

¢ SPE — Soluble protein extract.
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3.5 Isoelectric point

The isoelectric focusing of MoPOX showed a single band corresponding a pl
of 9.4, confirming the cationic nature of the enzyme (data not shown). Some basic
peroxidases are related in plants such as those of Euphorbia cotinifolia latex (pl 8.1) and
Viscum angulatum tissues (pl 9.6) (Kumar et al., 2011; Das et al., 2011). However, many
others present anionic characteristics (Sakharov, 2004; Oliveira et al., 2017). In fact, in
all fruits and vegetables peroxidases seem to occur in a wide range of isoenzyme forms
with pl values varying from approximately 3.5 to 10.0 (Khan and Robinson, 1994;
Kvaratskhelia et al., 1997, Dubrovskaya et al., 2017). In the present work, for example,
it was observed that M. oleifera roots have, at least, one anionic and one cationic
peroxidase since in the ion exchange chromatography it was observed that both the non

retained and the retained fraction presented peroxidase activity (Figure 2A).

3.6 Kinetic parameters

MoPOX exhibited a characteristic Michaelis-Menten kinetics for both guaiacol
and H20. substrates (Figure 3). In order to determine the specificity of the enzyme toward
these substrates, kinetic parameters (Vmaxand Km) were determined by Lineweaver-Burk
plots. Effect of guaiacol on the peroxidase activity was determined by varying the
concentration of guaiacol while keeping a fixed concentration of H2O2 or the opposite .
MoPOX presented K values of 0.01 and 0.09 mM for guaiacol and H20- substrates,
respectively, and Vmax values of 2,500 UA. mL™2. min? for guaiacol and 1,429 UA. mL"
! min? for H20,. The very low K, values obtained in the present work suggest that, for
both substrates, MoPOX exhibits high affinity, being this specificity even higher for

guaiacol. Comparison of these data with those reported by several authors confirm the
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high specificity of MoPOX. For example, a peroxidase from Brassica rapa roots presents
Km values of 4.09 and 12.49 mM for guaiacol and H20>, respectively (Kalin et al., 2014).
For peroxidase of Marsdenia megalantha latex, Oliveira et al. (2017) reported a Km of
0.6 and 4.3 mM, respectively, for these same substrates. A peroxidase purified from
leaves of M. oleifera, the same plant species of the present study, presents a Km of 0.23
mM for guaiacol showing to be, at least 20 times less specific than MoPOX in relation to
this substrate. However, other plant peroxidases exhibit lower K values in comparison
with MoPOX, such as the peroxidase from Sorghum bicolor roots that presents a Ky of
0.045 mM for H>O, (Basha and Rao, 2017). Catalytic activities of peroxidases vary
depending upon the chemical structure, nature and composition of the substrates. The Km
values, for the same substrate, may even change depending upon sources e.g. for the same

pair of substrates (Sisecioglu et al., 2010).

3.7 pH optimum

MoPOX showed optimum activity at the pH 5.2 using guaiacol as substrate
(Figure 4A). Under extreme pH (basic or acidic side) there was a decrease in its enzymatic
activity. Plant peroxidases present different optimums pH, which vary from 3.6 to 8.0.
Comparisons with some peroxidases that use guaiacol as donor of H show a similarity
with our date. For example, a root peroxidase from Brassica napus L., peroxidases from
latex of Marsdenia megalantha and peroxidases from beans of Vanilla planifolia present
maximum enzymatic activity between pH 5.0 and 6.0 (Duarte-Vazquez et al., 2001;
Marquez et al., 2008; Oliveira et al., 2017). pH is an important parameter in the enzyme
activity as it changes the ionization states of amino acid side chains can modify the
conformation of the active site, enzyme-substrate binding or reaction catalysis (Di Russo

etal., 2012).
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3.8 Optimum temperature and thermal stability

To determine the optimum temperature of MoPOX, the activity
measurements were performed at the optimum pH (5.2) and temperature hanging from
30 to 100 °C, assessed by 10 °C increments. Figure 4B shows that MoPOX presented a
maximum activity the band 60-90°C. In a second set of assays, the thermal stability of
MoPOX was investigated (Figure 4C). The protein maintained at least 80% of its activity
after incubation at 70 °C for 60 min and about 50% even at 80 °C for 60 min, showing to
be highly thermostable. This result is similar to that observed for VanPrx, a thermostable
peroxidase from Viscum angulatum that retained ~80% of the activity after incubation at
65 °C for 10 min (Das et al., 2011). Different plant peroxidases present optimum activity
in different application in bioremediation strategies (Regalado et al., 2004). In the case
of MoPOX, temperature may not be a limitation as this enzyme showed a high

thermostability, as mentioned above.

3.9 Effect of metal ions

Figure 5A shows the effects of metal ions (Na*, Ca*, Mg?*, Mn?*) on the catalytic
activity of MoPOX, determined at pH 5.2. Mg?" and Mn?* had no effect on MoPOX
activity. However, Na* and Ca?" increased the catalytic activity around 30% at the
concentration of 0.5 M, indicating their potential role as cofactor. Metal cations may act
as activators or inhibitors of peroxidase activity. For example, a peroxidase from roots of
Zea mays (pmPOX2) had its activity reduced in the presence of Ca?* (Mika and Luthje,
2003), while a peroxidase from roots of Glycine max showed increase around 42% of
activity in the presence of CaCl, (Vianello et al., 1997). In general, Na* ions cause an

inhibition of peroxidase activity (Diao et al., 2014; Al-
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temperature, and thermal stability (C) of MoPOX. The optimal pH was tested by assaying
enzyme activity in pH buffers ranging from 2.6 to 10.0. The optimal temperature was
measured at different temperatures (30-100 °C) in 0.05 M Na-acetate buffer (pH 5.2) and
using guaiacol as the substrate. Thermal stability was evaluated first incubating MoPOX
for 0-60 min under 60, 70, 80 and 90 °C, then the residual activity was measured using
guaiacol as substrate. Each point represents the mean of three biological replicates (£ SD).
The asterisk indicates significant differences (p < 0.05) compared to the specific activity

under the standard conditions (first bar, peroxidase activity at pH 5.2 and 30°C for 10

min).
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Senaidy and Ismael, 2009; Ajila and Rao, 2009). However, as observed for MoPOX, Na*
acted as an activator of this enzyme.

temperature ranges and their thermal stabilities are variable, depending on their amino
acid composition and three-dimensional conformation (Kalsoom et al., 2015). It is known

that the low thermostability of most plant peroxidase is a limiting factor for their

3.10 Effect of inhibitors

The influence of some chemicals on the purified MoPOX is reported in Figure 5B.
All compounds were tested in the concentration of 1 mM. Sodium dodecyl sulfate (SDS)
and ethylene diamine tetra acetic acid (EDTA) did not affect MOPOX activity. Azide, a
sequester of heme groups, inhibited the peroxidase activity of MoPOX in 23%, indicating
the importance of Fe in the action of the enzyme. Sensitivity to this inhibitor is common
a large number of heme catalyzed reactions. For example, azide reduced by 80% the
activity of PO-2, a peroxidase from roots of sorghum, and by 90%, a cationic peroxidase
of Viscum andulatum tissues (Dubrovskaya et al., 2016; Das et al., 2011). However, for
a peroxidase from Vigna radiata roots, azide reduced just by 48% the peroxidase activity
(Basha and Rao, 2016). This peroxidase, did not suffer inhibition of EDTA, as well as
MoPOX. By contrast, with these inhibitors, MoPOX was completely inhibited by DTT.
It is possible that intramolecular disulfide bonds contribute to stabilization of protein

structure and consequently to the maintenance of its catalytic activity.

3.11 Substrate specificity
The specific activity of MoPOX towards other substrates as H donors is shown in

Figure 6. There was no difference between the rates of oxidation of guaiacol and
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Figure 5 - Effect of metal ions and peroxidase inhibitors on MoPOX activity. (A) Activity
measurements were calculated adding to the reaction mixture NaCl, MnCl;, MgCl. or
CaCl; at the following concentrations: 0.01, 0.05, 0.10, 0.20 and 0.50 M. Control:
enzymatic assay performed with 50 mM sodium acetate, pH 5.2. (B) Each peroxidase
inhibitor was tested at 1 mM. Control: enzymatic assay performed without the peroxidase
inhibitors. The asterisk indicates significant differences (p < 0.05) compared to the

specific activity under the standard conditions.
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o- dianisidine by MoPOX, being these two compounds the best substrates for the enzyme.
In comparison with guaiacol, the degree of oxidation of ABTS and eugenol were 27%
and 42%, respectively. In the presence of ascorbic acid, tyrosine, coomassie brilliant blue,
tryptophan, aminoantipyrine, NADH and syringaldazine there was no detectable MoPOX
activity (Figure 6).

Similarly to MoPOX, guaiacol and o-dianisidine were the best substrates for a
peroxidase from M. oleifera leaves, and for a peroxidase from Marsdenia megalantha
latex (Kathun et al., 2012; Oliveira et al., 2017). Some reports show that eugenol, an allyl
chain-substituted guaiacol, can be oxidized by some peroxidases resulting in the
formation of cytotoxicity products (Rojas-Reyes et al., 2014; Anita et al., 2015). MoPOX
utilized eugenol as substrate presenting 42% of the peroxidase activity obtained when
guaiacol was used as substrate. ABTS (2,2'-azino-bis 3-ethylbenzthiazoline-6-sulphonic
acid) is the main substrate for many plant peroxidases (Nadaroglu et al., 2013; Rojas-
Reyes et al., 2014; Dubrovskaya et al., 2017). However, as mentioned previously, for
MoPOX its relative oxidation was just 27% of the activity presented by guaiacol.

One way of distinguishing ascorbate and guaiacol peroxidases is to compare the
relative enzymatic activities for guaiacol and ascorbate oxidation, since the use of
ascorbic acid by the class Ill peroxidases is not common (Kvaratskhelia et al., 1997).
However, this method might lead to confounding APX activity with POX activity because
POX reactions can use ascorbate as the electron acceptor, just as APX, and that some
APXs show rather high affinity to guaiacol and similar phenolic substrates (Doorn and
Ketsa, 2014). In the present study, the rates of oxidation of these compounds by MoPOX
was very different since no oxidation of ascorbic acid occurred, being this behavior,

therefore, characteristic of POX enzymes. A peroxidase from Withania
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somnifera readily catalyzed the oxidation of phenolic substrate like guaiacol and o-
dianisidine but not ascorbic acid (Johri et al., 2005).

Some peroxidases are related with the catalysis of the last step in the synthesis of
lignin. The oxidation of syringaldazine, a lignin monomer analog, by a particular
peroxidase was suggested to be indicative of its involvement in the synthesis of lignin.
As mentioned before, MoPOX did not present peroxidase activity in the presence of
syringaldazine, suggesting that it is not related with this metabolic role. However, there
must be a confluent information from kinetic, structural and gene expression studies for
involving an enzyme in a specific metabolic step (Lewis and Yamamoto, 1990).

In summary, MoPOX presented specific activity for four substrates decreased in
the order of guaiacol = o-dianisidine > eugenol > ABTS. The ability of MoPOX to interact
with different substrates revealed its potentials for industrial application such as industrial

effluents detoxification.

3.12 Decolorization of dyes

The ability of MoPOX to decolorize industrial textile dyes was tested at the
optimum pH of the enzyme (pH 5.2), in the presence of 1 mM hydrogen peroxide, and at
room temperature (25°C). The degradation rates were monitored at time intervals of 0, 1,
6, 12, 24 and 48 h. Purified MoPOX decolorized different dyes at various extents tested
from different classes. In general, Remazol® Blue RGB (RB), Remazol® Navy RGB
(RN), and Telon® Turquoise M-5G 85% (TT) were the most susceptible dyes to
degradation by MoPOX. The Levafix® Orange E-3 GA (LO), Astrazon® Yellow 5GL
200% (AY), and Astrazon® Red FBL (AR) dyes were slightly degraded even when they

were tested in lower concentrations (10 and 25 mg/L) and with the highest concentration
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of MoPOX (0.15 mg/mL). Figure 7 shows the decolorization rates (%) of the most
susceptible dyes by purified MoPOX (0.15, 0.03 and 0.015 mg/mL). It was observed that
RN dye, at a concentration of 50 mg/L and after 48 h of incubation with MoPOX (0.15
mg/mL), was degraded almost 30% (Figure 7A). Under the same conditions, the
degradation was 15.3%, for a dye concentration of 100 mg/L (Figure 7B). In relation to
RB (50 mg/L), 64.1% of the dye was decolorized after 48 h of exposition with MoPOX
at the concentration of 0.15 mg/mL (Figure 7C). It should be noted that already in the
time of 6 h of incubation, the degradation percentage was almost 60%. In a higher
concentration of RB dye (100 mg/L) the degradation rate was 73.2% (Figure 7 D). The
results were still more promising for the TT dye (50 mg/L), since its decolorization rates,
after 48 h of incubation with the enzyme (0.015, 0.03 and 0.15 mg/mL), were 86.6, 91.1,
and 89.2%, respectively (Figure 7E). Using a double concentration of this dye (100
mg/L), the decolorization rates remained high (78.2, 80.2 and 77.1%) for the same
MoPOX concentrations (0.015, 0.03 and 0.15 mg/mL), respectively.

The different decolorization rates observed in the present study may be explained
by the structural diversity of the dyes. These compounds contain different chromophores,
attached to aromatic rings imparting the color of the dye. Several of these functional
groups are present on aromatic ring in ortho or para positions, which could accelerate or
reduce the decolorization rate or, inhibit completely the decolorization process. Besides
the chemical structure, the degradation rates of a specific dye are dependent on
environmental conditions (pH, temperature, dye concentration), enzymatic specificity,
enzymatic concentration etc. The Remazol dyes, for example, are industrially used
compounds that present a complex structure containing at least one aromatic group.

Because this complexity, their degradation rates
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are variable between different enzymes. Souza et al., 2007 observed that horseradish
peroxidase was able to degrade 59% of Remazol Turquoise Blue G 133%. However, a
soybean peroxidase degraded more than 95% of the same dye (Marchis et al., 2011). A
low degradation rate (3.3 to 8.7%) was observed for the acid Telon® Turquoise dye by a
free polyphenol oxidase from Cydonia oblonga leaves (Arabaci and Usluoglu, 2014).
Nevertheless, in the present work it was shown that MoPOX was able to degrade more
than 90% of this dye. As mentioned previously, many factors can affect the success of an
enzyme in degrade a specific dye or a mixture of them. Thus, the best conditions must be

defined in each specific case.
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4 Conclusions

This is the first report of a peroxidase isolated from M. oleifera roots. MoPOX, a
class 111 peroxidase, proved to be thermostable as it maintened at least 50% of its catalytic
activity at the temperature of 80 °C for 60 min. In addition, MoPOX was able to degrade
the Remazol® Blue RGB, Remazol® Navy RGB, and Telon® Turquoise M-5G 85% at
rates between 15 and 90% depending on concentration of dye and enzyme. These results
show the biotechnological potential for decolorization of textile dyes present in industrial
effluents. However, additional investigations could be carried out to improve the
decolorization process, including immobilization of the enzyme and its application for

real industrial substrate decolorization.
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7 CONCLUSAO

Este é o primeiro relato de uma peroxidase isolada de raizes de M. oleifera.
MoPOX, uma peroxidase da classe I1l. Esta se mostrou termoestavel, mantendo-se pelo
menos 50% da sua atividade catalitica a temperatura de 80 °C durante 60 min. Além disso,
MoPOX foi capaz de degradar o Remazol® Blue RGB, 0 Remazol® Navy RGB e o
Telon® Turquoise M-5G 85% a taxas entre 15 e 90%, dependendo da concentracdo de
corante e enzima. Estes resultados mostram o potencial biotecnolégico para a
descoloracdo de corantes téxteis presentes em efluentes industriais. No entanto,
investigacOes adicionais podem ser realizadas para melhorar o processo de descoloragéo,

incluindo a imobilizacdo da enzima.
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