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RESUMO

Enzimas fibrinoliticas tém recebido aten¢@o, devido ao seu potencial medicinal para doengas
tromboliticas, estas estdo se tornando uma das principais causas de morbidade e mortalidade em
todo o mundo. Este trabalho teve como finalidade obter condigdes de producdo e caracterizagdo de
proteases fibrinolitica, produzida por fungos filamentosos isolados de solo da Caatinga-PE-Brasil,
utilizando fermentag¢do em estado solido, e purificar essa enzima utilizando Sistema de Duas Fases
Aquosas. Dentre os fungos estudados, foi selecionado o Mucor subtillissimus SIS42 como melhor
produtor da protease e entre os residuos agroindustriais utilizados, o melhor substrato foi o farelo de
trigo. Através de um planejamento fatorial 2° as condigdes otimizadas de produgdo foram: 3g de
farelo de trigo, 50% de umidade, submetidos a 25°C apds 72 horas de fermentagdo, com uma
atividade fibrinolitica e proteasica de 144,58 U/mL e 48,33 U/mL, respectivamente. A protease
fibrinolitica contida no extrato bruto apresentou uma temperatura 6tima de 45°C e foi estavel nesta
temperatura por 150 minutos, a mesma teve sua atividade proteasica aumentada na presenga de K,
Ca” e Mn" ¢ diminuida na adi¢do de Cu'. De acordo com a especificidade a substratos
cromogénicos e a presenga de PMSF, esta enzima foi classificada como uma serino protease do tipo
quimiotrispsina. A partir dos resultados obtidos, foi realizado um planejamento experimental (2°)
para purificacdo da protease fibrinolitica produzido pelo M. subtillissimus SIS42 utilizando o
sistema de duas fases aquosas, onde foi possivel avaliar a influéncia das variaveis: concentragdo e
massa molar do PEG e concentragdo de sulfato de sodio na purificagdo da enzima. Trés variaveis-
respostas foram avaliadas (coeficiente de parti¢do, recuperagdo da enzima e fator de purificagdo).
Utilizando um planejamento central composto para ampliar os estudos e efeitos na purificacdo da
enzima, foram estudadas as variaveis: concentragdo de PEG (6000 g/mol) e sulfato de so6dio. Os
resultados atingidos foram: coeficiente de particdo para a fase rica em sal (0,049 a 0,795), um
aumento de pureza de 10 com uma recuperacdo de 102% da atividade enzimatica na fase inferior do
sistema. O sistema que proporcionou as melhores condi¢des de purificag@o foi constituido por: PEG
6000 (g/mol) e concentragdo de 30,00% (m/m) com uma concentracdo de sulfato de sodio de
13,20% (m/m). A protease fibrinolitica apresentou através de uma SDS-PAGE uma massa massa
molar apds a purificagdo de 94kDa e atividade no zimograma de fibrina. Apds a purificacdo, por
sistema de duas fases aquosas a protease fibrinolitica foi novamente avaliada a presenca de PMSF e
a substratos cromogénicos, indicando a enzima como uma quimiotripsina.

Palavras chaves: protease fibrinolitica, planejamento fatorial, fermentagdo em estado solido, farelo
de trigo, Mucor subtillissimus, sistema de duas fases aquosas.



ABSTRACT

Fibrinolytic enzymes have received attention owing to their medicinal potential for
thrombolytic diseases these are becoming a leading cause of morbidity and mortality worldwide.
This work aimed to obtain conditions for the production and characterization of fibrinolytic
proteases, produced by filamentous fungi isolated from soil of Caatinga-PE-Brazil, using solid-state
fermentation and purification of this enzyme by aqueous two-phase system. Among the studied
species, Mucor subtillissimus SIS42 was selected as the best protease producer and wheat bran was
the best of all agroindustrial residues.. Using a 23 factorial design, the best conditions of production
were: 3g wheat bran, 50% moisture, subjected to 25°C after 72 h, showing a protease activity and
fibrinolytic activity of 144.58 U/mL and 48.33 U/mL, respectively. The fibrinolytic protease
contained in the crude extract showed an optimal temperature of 45°C and was stable at the same
temperature for 150 minutes, increasing in the presence of a K, Ca®, Mn" and decreasing the
protease activity in the addition of Cu'. According to a specific chromogenic substrate and the
presence of PMSF, the enzyme was classified as a serine protease chymotrypsin-like. According of
the obtained results, was applied an experimental design (2°) for purification of fibrinolytic protease
produced by M. subtillissimus SIS42 using aqueous two-phase system how to evaluate the influence
of variables: PEG molar mass concentration and sodium sulfate concentration in the enzyme
purification. Three response variables were analysed (partition coefficient, enzyme yield and
purification factor). Using a central composite design, to expand the studies and effects on enzyme
purification, the variables were studied: PEG concentration (6000 g/mol) and sodium sulphate
concentration. The results were: the partition coefficient for the salt-rich phase (0.049 to 0.795)
increased purity of 10, with a recovery of 102% of the enzyme activity in the bottom phase of the
system. The best purification conditions were constituted by: PEG 6000 (g/mol) and concentration
30.00% (w/w) with a sodium sulfate concentration of 13.20% (w/w). The fibrinolytic protease
presented through a SDS-PAGE molecular mass of 94kDa after purification and activity on fibrin
zymography. After purification by aqueous two-phase system the fibrinolytic protease was again
evaluated in the presence of PMSF and chromogenic substrates, confirming the enzyme as
chymotrypsin-like.

Key words: fibrinolytic protease, factorial design, solid-state fermentation, wheat bran, Mucor
subtillissimus, aqueous two-phase system.



LISTA DE FIGURAS DA REVISAO BIBLIOGRAFICA

Figura 1. Estrutura do fibrinogénio e da fibrina. (A) Modelo da estrutura do fibrinogénio humano,
(B) Modelo da estrutura da fibrina mostrando a cadeia aA. (C) Modelo da fibra de fibrina. (D)
Micrografia eletronica do coagulo de fibrina. (E) Segmentos de fibra de fibrina através de

micrografia eletronica de sobreposicao de imagem. (Fonte: FALVO et al., 2010). ....ccceeeeivireennnneen. 6

Figura 2. Modelo de acdo dos agentes fibrinoliticos e ativadores da ativagdo proteolitica do
plasminogénio em plasmina, e a representacdo esquematica da fibrindlise. (adaptado de ARBIND;

JAGDEEP, 2011; BANERJEE et al., 2004). ....ccooiiiiiiiiieiecieeeee et e e 8

Figura 3. ITlustragdo sobre o crescimento dos fungos na superficie do substrato na FES (Fonte:

HOLKER; LENZ, 2005). . eetiiitieeite ettt ettt ettt et ettt ettt et eee e s eaieees 15

Figura 4. Crescimento do Mucor subtillisssimus: (A) M. subtillisssimus crescido em meio Czapek.
(B) M. subtillisssimus crescidos na FES utilizando farelo de trigo como substrato, (C) M.

Subtillisssimus CreSCIAOS NA FS. ..ot 18



LISTA DE FIGURAS DO ARTIGO 1

Fig.A.1. Pareto chart of variables effects in fibrinolytic activity (U/mL). ........ccccevveviiieieniineenne, 44
Fig. A.2. Optimum temperature of protease produced by Mucor subtillissimus SIS42. .................. 45
Fig. A.3. Stability of protease by Mucor subtillissimus SIS42 at 45°C after 120 min. ................... 46

LISTA DE FIGURAS DO ARTIGO 2

Figure 1. Binodal curve for the system PEG/Sodium sulfate pH 6.5 with water in different PEG

molar mass and temperature at 27°C £ 29C. ....cviiiiiiiiiiiecieie et 61

Figure 2. Effects of independent variables on the partition coefficient (K) of the fibrinolytic

PIOTEASE. ..ttt et ettt et e e ettt et e e e ettt e e e e e e bbb et ee e e e e e aab bttt te e e e e e eab bbbttt ee s e e babeteee e e e e aabbeeeeeeeas 63
Figure 3. Effects of variables on activity yield of fibrinolytic protease in bottom phase. ............... 64

Figure 4. (A) Determination molecular mass of fibrinolytic enzyme using SDS-PAGE (10%) and
fibrin zymography. Lane 1 is the protein molecular mass marker; Lane 2, crude extract; Lane 3,
crude extract precipitated; Lane 4, fibrin zymography of crude extract. (B) Purity of fibrinolytic
enzyme as determined by PAGE (12%). Lane 1 is crude extract; Lane 2 is purified sample from

bottom phase of aqUEOUS tWO-PhaSE SYSTEIM. ...cc.veiiieiiiiieeiiiieee et ee e eiee e e erre e e seeee e e eeraeeeenenes 65

Figure 5. Three-dimensional contour plots showing interactive effects of Cprg and NaxSOs

concentration in partition coefficient of the fibrinolytic protease. .........cccccceeevuveeerrcieeeencieeennnnnen. 67



LISTA DE TABELAS DA REVISAO BIBLIOGRAFICA

Tabela 1. Uso de proteases na aplicacao terapEUutiCa ...........cccvveeirevveierriiireeiiiereesirees eeveeseesnenanens 5

Tabela 2. Enzimas fibrinoliticas produzidas por fungos (Adaptada de ARBIND; JAGDEEP, 2011)..

LISTA DE TABELAS DO 1 ARTIGO

Table A.1 - Levels of the variables studied in 2° complete factorial designs for production of the

FIDTINOLYEIC PTOLEASES.  .uvvieeeeiiiieeiiiieeeetieeee st te e e et te e e ettt eeeeeteeeeneeeee e nseeeea st eeaenseeeeeanneeeeaanseeens 40

Table A.2. Production of fibrinolytic proteases by Rhizopus arrizus var. arrizus SIS30 and Mucor

subtillissimus SIS42 using different substrates in SSF. ..o 42

Table A.3. Production of fibrinolytic proteases produced by Mucor subtillissimus SIS42 using 23

2216100 8 1 G (o) Ty o O USPUPP 43
Table A.4. Effect of metal i0nS 0N Protease aCtiVity ........cccveeeecieeeeeiiieeeerciieeseieee e e e eeeee e 47
Table A.5. Effect of inhibitors on protease aCtivity ..........cccceeeeevireeriiieeeeiiiie e eirieeeeireeeeeereee e 47

LISTA DE TABELAS DO 2 ARTIGO

Table 1. Experimental design 2* for fibrinolytic protease purification using PEG/Sodium sulfate

(ATPS). o eoveeeeeeeeeeeeeee oo e e oo e s e e seee e e ese e eeees oo ees e ee e eeese e eeeeee 58

Table 2. Response surface design used for optimizing the purification of fibrinolytic protease in

PEG 6000/Sodium sulfate two-phase SYSTEIM. .....cceeiiiiririiiiieeeiie et e e eee e e e e 61
Table 3. Results of full factorial design (2%) the fibrinolytic protease partition. ................ccceeueee. 62
Table 4. Effect of inhibitors on protease aCtiVity. .......ceevveiiieeeiiieeeeieeeerite e eeteeeeee e eeee e e 65
Table 5. Analysis of variance for the experimental results of the central composite design. .......... 66

Table 6. Central composite design matrix with measured and responses of fibrinolytic activity. ... 68

Table 7. Estimated effects for partition coefficient (Kra), yield (YraP) and purification factor (PF?)

on fibrinolytic protease purification process using central composite design. ..........cceeveeeecueerrueenne 68



LISTA DE ABREVIACOES

AVC — Acidente vascular cerebral

AVCI — Acidente vascular cerebral isquémico
DCP — Doenga vascular periférica

DCV — Doenga cardiaca valvular

DCVs — Doengas cardiovasculares

EC — Classificagao Enzimatica

FES — Fermentagdo em estado solido

FS — Fermentag@o submersa

IAM - Infarto agudo do miocardio

IM — Infarto do miocérdio

LIP — Lignina peroxidase

MnP — Manganés peroxidase

MRS — Metodologia de superficie de resposta
OMS — Organizac¢ao mundial de saude

PAI — Inibidor do ativador do plasminogénio
PAI 1 - Inibidor do ativador do plasminogénio 1
PAI 2 - Inibidor do ativador do plasminogénio 2
SDFA — Sistema de duas fases aquosas

t-PA — Ativador do plasminogénio tecidual
U/mL — Unidades por

u-PA — Uroquinase



SUMARIO

1. INTRODUGCAQ . ......ooeeeeeerererenereressssesesesssessssssssssssssssssssssssssssessassesssssssssssssssssessssssssssssses 1
2. OBIETIVOS..uiiiiiiinsnnssissensssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssss 2
2.1 ODJEIIVO GEIAL ...ttt e ettt e e ettt e e e st te e e e et eeeeensteeeeaseeeeeeenes 2
2.2 ODJEtiVOS ESPECITICOS ..vvireiiiiirieiiiiieeeieieeeeiie e e estt e e e ste e e esbeeeeesatbeeeenreeeeessseeeesssseeensneens 2
3. REFERENCIAS BIBLIOGRAFICAS ......uuiumerninnsinnscnscnssssssssssssssssssossssssssssssssssssssssssssses 3
3.1 Proteases: Classificacdo, aplicacdo terapéutica e micro-organismos produtores................... 3
R TR o) 41T T TSRS 5
3.3 Caracteristicas dos diversos agentes fibrinoliticos ..........ceeevviireriiiiireciiie e 8
3.4 Fontes de enzimas fIbrinolitiCas. ........coeeeiiiiieiiiie e e 10
3.5 Producdo de enzimas por FES ... 12
3.6 Fatores que influenciam na produgdo de enzimas por FES...........cccooviivviiiiiiiciinienn. 15
3.7 Residuos agroindustriais utilizados na FES ..........cccooiiiiiiiii e 16
3.8 MUCOF SUBDLIILISSTINUS .....oeueeeiiiiiiiie ettt et et 17
3.9 Sistema de Duas FaseS AQUOSAS .......cccvrieeirieririeeeiiiieeenrieeeerireeeessreeeesesseeeesessseeessssseessaes 19
4. REFERENCIAS BIBLIOGRAFICAS .....ccvuuimeurinsensanscncnssescnsssssessssssssssssssssesssssssssessscsscss 21
5. CAPITULO L...uuuiiiiuniiinninsninnsseisssssnssssnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssassssss 36
PRODUCTION AND CHARACTERIZATION OF NEW FIBRINOLYTIC PROTEASE = FROM
Mucor subtillissimus SIS42 IN SOLID-STATE FERMENTATION .....cccccovviiiiiiiinieeiieeeee e 37
6. CAPITULO I ...cccuuuiiiniiiiniinieicssnencssnnsssssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssasssss 54
PURIFICANTION OF FIBRINOLYTIC PROTEASE FROM Mucor subtilissimus SIS42 USING
AQUEOUS TWO-PHASE SYSTEMS (PEG/ SULFATE) ...ovveiiiieie et 55
7. CONCLUSAQ ...uunrnircrinncsscsncsssssssssssssssssssnssssississsssasssssssssssssssssssssassssssssssssssssssssssssssssssssses 75
AINEXOS ettt et ettt e e bt e e bt ettt e ettt e et e et e e et e ennteas 76
NORMAS DAS REVISTAS ..ottt ettt et e e eneaenee e 76
Industrial Crops and Products............cccuveeiiiiieiiiiiiieeiiriee et 76
Separation and Purification Techonology ..........cccceeieeiiiieiiiiiiie e 99
NORMAS DA DISSERTACAO ...t 119
ANEXOS OPCIONAIS....uuiieiviienrsenessnnnsssnssssssnssssnssssssssssssssssssssssssssssssssssssssssssssssssassssssssssasssssss 121
RESULTADOS COMPLEMENTARES ..ottt 121

RESUMOS PUBLICADOS EM CONGRESSOS ... 126



1. INTRODUCAO

Com o aumento da producdo agroindustrial, a geracdo de residuos tém se tornado um problema para
a sociedade contemporanea, principalmente para os setores de alimentos. Contudo, ¢ de fundamental
importancia utilizar tecnologias que aproveitem este crescente volume de residuos gerados, entre essas
tecnologias, destaca—se a fermentagdo em estado sélido (FES) (ALEXANDRINO et al., 2007).

A FES, também chamada por alguns autores de fermentacao semi-solida (FSS) caracteriza-se pelo
crescimento microbiano sobre um material organico sélido que funciona como substrato e/ou suporte, ¢ um
processo bastante eficiente e muito promissor no desenvolvimento de varios bioprocessos, como na
obtencdo de produtos bioativos provenientes do metabolismo primario e secundario de micro-organismos
(alcaloides, acidos organicos, biopesticidas, antibioticos e enzimas) (BOGAR et al., 2003).

Varios micro-organismos podem crescer nos substratos solidos, como bactérias, leveduras e fungos,
entretanto os fungos filamentosos se destacam, por crescerem com pouca agua e muitos solidos presentes,
além da sua forma de crescimento favorecer a colonizacdo no meio em virtude da formacdo de hifas
(DURAND A., 2003).

Em 2003, entre as diferentes enzimas produzidas pelos micro-organismos, as proteases constituiram
um dos mais relevantes grupos de enzimas, devido a sua aplicabilidade serem bastante ampla no campo
médico e industrial, representando aproximadamente 60% do total de enzimas comercializadas no mundo
(SINGH et al., 2003; BARRET et al., 2001). Algumas destas proteases sdo enzimas fibrinoliticas capazes
de lisar a fibrina, proteina fundamental no processo de coagulagdo sanguinea (PENG et al., 2005). Essas
enzimas sdo capazes de prevenir ou curar doengas tromboticas pela degradagdo de coagulos sanguineos,
mantendo o fluxo sanguineo em sitios de lesdo vascular (UEDA et al., 2007; CHOI et al., 2011; WANG et
al., 2011).

Entretanto, apds o processo de producdo das proteases, ¢ necessario que se tenha uma segunda fase
relativa a recuperagdo e a pré-purificagdo dessas biomoléculas (YEGIN et al., 2011). O sistema de duas
fases aquosas (SDFA) vem sendo utilizado como um bom método alternativo para ser utilizado como uma
pré—purificagdo, principalmente de biomoléculas, biomateriais e engenharia de tecidos, uma de suas
caracteristicas ¢ que o SDFA pode ser formado pela adigdo de dois ou mais polimeros ou um polimero e
um sal especifico, sendo amplamente utilizado para biosseparacdo de enzimas e proteinas por conta do seu
baixo custo em relacdo a outros processos de separacdo (JARA & PILOSOF, 2011; ELBERT, 2011;
MARINI et al., 2011), sendo o sistema PEG/SAL um dos mais adequados para a separagao e purificacao de
proteases (PERICIN et al., 2009).




2. OBJETIVOS

2.1 Objetivo Geral

Produzir e caracterizar proteases com atividade fibrinolitica por espécies de fungos filamentosos

isolados de solo da Caatinga—PE, Brasil por fermentacdo em estado sélido e pré-purificar esta enzima

utilizando sistema de duas fases aquosas.

2.2 Objetivos especificos

Produzir proteases com atividade fibrinolitica por FES utilizando residuos agroindustriais;
Selecionar qualitativamente as culturas produtoras de proteases com atividade fibrinolitica;
Selecionar o melhor substrato para a produgdo de proteases com atividade fibrinolitica;

Estudar a influéncia das variaveis: quantidade de substrato, umidade e temperatura sobre a producdo

das proteases com atividade fibrinolitica por FES, utilizando um planejamento fatorial (2°);

Caracterizar bioquimicamente a protease com atividade fibrinolitica no extrato bruto e pré-
purificado, em relagdo a temperatura 6tima e estabilidade a temperatura; efeito de inibidores, ions

metalicos e substratos cromogénicos sobre a atividade da enzima;

Purificar a protease utilizando o sistema de duas fases aquosas, utilizando PEG/Sulfato de s6dio e
estudar a influéncia das variaveis: Massa molar e concentracdo do PEG e concentracdo do sulfato
de sodio sobre a protease, com atividade fibrinolitica utilizando um planejamento fatorial (2%) e

metodologia de superficie de resposta;

Determinar a massa molar da enzima através de SDS-PAGE e realizar um zimograma de fibrina.




3. REVISAO BIBLIOGRAFICA
3.1 Proteases: Classificacio, aplicacio terapéutica e micro-oganismos produtores

As proteases também conhecidas como peptideo—hidrolases ou peptidases sdo enzimas responsaveis
pela clivagem hidrolitica das ligagdes peptidicas das proteinas e formam a subclasse EC 3.4. das hidrolases.
As proteases podem ser divididas em dois grandes grupos: As exopeptidases (EC 3.4.11. até EC 3.4.19.)
que clivam sequencialmente as extremidades dos aminodcidos a partir do grupamento amino ou
carboxilico, sendo este grupo subdividido em aminopeptidases (acidos aminados com cisdo no N-terminal
da cadeia polipeptidica), carboxipeptidases (4acidos aminados com cisdo no C-terminal da cadeia
polipeptidica), dipeptidases (substratos dipeptidicos) e dipeptidil e tripeptidil-peptidases (responsaveis por
catalisarem a clivagem N-terminal de dois ou trés peptideos de uma cadeia polipeptidica). O segundo
grupo, sdo constituidos pelas endopeptidases (EC 3.4.21. até¢ EC 3.4.99.) responsaveis pela catalise iniciada
dentro de uma cadeia de polipeptideos (ESPOSITO; AZEVEDO, 2010; CASTRO et al., 2011; YIKE,
2011).

As proteases agem dentro de uma rede complexa que sdo compostas de pequenas moléculas que
podem ser ativadores e/ou inibidores, peptideos, receptores, substratos e dominios de ligagdo, influenciando
na localizagdo espacial e temporal da sua atividade (LI et al., 2013). Com relagdo ao seu pH o6timo, as
proteases podem ser classificadas em 4cidas, alcalinas ou neutras e de acordo com seu mecanismo de acao,
elas podem ser classificadas em cinco principais classes: as metalo proteases (~200), as serino proteases
(~180), as cisteino proteases (~160), treonina proteases (~30) e as proteases do acido aspartico ou aspartico
proteases (~25), sendo as demais proteases, pertencentes a grupos com mecanismos cataliticos
desconhecidos (DRAG; SALVESEN, 2010; YIKE, 2011).

Essas enzimas protedsicas realizam uma infinidade de funcdes, atuando desde a reciclagem de
proteinas intracelulares para a digestdo de nutrientes até a amplificagdo em cascata do sistema imunoldgico,
atuando ainda na ativacdo do sistema complemento, na patogénese, na apoptose, na resposta imune € no
metabolismo secundario, dentre outras fungdes (Bl et al., 2011; LI et al., 2013).

As proteases constituem o grupo de enzimas mais explorado e mais importante, por possuirem
atuagOes e aplicacdes tanto na pesquisa basica, quanto nos setores industriais, chegam a representar cerca
de 60% do mercado industrial de enzimas, sendo empregada no amaciamento de carnes, estabilizacdo de
vinhos e cervejas, clareamento de sucos, fabricacdo e amaciamento do couro, como agentes hidroliticos na
coagulagdo do leite e na maturagdo do queijo, em industrias de panificacdo, de detergentes, papeis,
celulose, seda, té€xteis, industrias farmacéuticas, indistrias de revestimento anti-incrustantes, processos de
biorremediacdo, e podem ser utilizadas também na recuperacao da prata de peliculas fotograficas, além de
poder atuar na sintese de peptideos em meios orginicos e no processamento de proteinas (SILVA et al.,
2009; RAL; MUKHERIJEE, 2009; LIMA et al., 2011; ANBU, 2013; GOHEL; SINGH, 2013).

Embora tenha um vasto uso, a produg¢do de enzimas proteoliticas ainda ndo ¢ o suficiente para

atender a demanda crescente do mercado mundial (SUNDARARAJAN et al., 2011). No ano 2005, o
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mercado externo brasileiro de enzimas foi avaliado em 147,2 milhdes de ddlares, correspondendo a apenas
3,7% do mercado internacional (ZIMMER et al.,, 2009). Dentre essas enzimas, as proteases sao
especialmente importantes porque sdo enzimas mais estaveis e ativas a pH alcalino, a temperaturas
elevadas e a presenga de tensioativos, ions metalicos, agentes oxidantes e solventes organicos (ANBU,
2013).

As proteases podem ser encontradas em uma ampla diversidade de fontes, sendo constituintes
essenciais de todas as formas de vida na terra e fisiologicamente necessarias para 0s organismos vivos,
podendo ser produzidas por: animais, virus e plantas, entretanto as proteases produzidas por micro-
organismos sdo as mais desejaveis uma vez que elas possuem todas as caracteristicas essenciais para
aplicagdes biotecnologicas, onde através dos micro-organismos pode-se aumentar a reprodutibilidade das
proteases, permitindo um menor tempo de geragdo da enzima através da manipulacdo genética (RAO;
NARASU, 2007; RAVIKUMAR et al., 2012; ABO-ELMAGD; HOUSSEINY, 2012).

A pesquisa por novas drogas ¢ um processo multidisciplinar e envolve duas fases distintas: a sua
descoberta e o seu desenvolvimento (LUCO; MARCHEVSKY, 2006). Nos ultimos anos a relagdo entre a
engenharia genética, biotecnologia e a bioquimica tém sido cada vez mais frequentes em busca de
especificidades de reagdes individuais e adaptadas conforme a necessidade especifica e terapéutica do seu
uso (LI et al., 2013).

A utilizacdo de proteases para aplicacdes terapéuticas tem sido um dos objetivos das industrias
farmacéuticas nos ultimos anos, pois a atividade catalitica dessas enzimas permite o uso de menores doses
para os tratamentos, com um potencial alvo e uma maior eficicia, além de diminuir efeitos colaterais dos
medicamentos ja existentes, mantendo ao mesmo tempo os beneficios terapéuticos desejados e reduzindo
custos, tornando-se interessantes para o ramo farmacéutico industrial, estima-se que cerca de 5 a 10% de
todos os alvos farmacéuticos para o desenvolvimento de drogas sejam proteases (DRAG; SALVESEN,
2010; LI et al., 2013).

Essas enzimas terapéuticas tem se representado como alvo de drogas potenciais no combate a
doengas, estudos sugerem que cerca de 60 proteases humanas sdo alvos de drogas, por exemplo, no
retardado da AIDS demonstrando um sucesso terapéutico substancial nos Ultimos anos e também no
combate a doengas cardiovasculares (CASTRO et al., 2011; RAVIKUMAR et al., 2012), cancer, ¢ na agao

contra parasitas e outros virus (ZIMMER et al., 2009) como pode ser observado na Tabela 1.




Tabela 1. Uso de proteases na aplicacdo terapéutica

Enzima Fonte Uso terapéutico Referéncia

Estreptoquinase Streptococcus f — hemolitico Coagulo sanguineo ZIMMER et al.

(2009)
Serino protease Penicillium aurantiogriseum Ulceras de pele; LIMA et al.
com atividade Ulceras intestinais (2011)
colagenolitica
Papaina Carica papaya Digestdo; Verminose =~ ZIMMER et al.
(2009)
Metalo protease Bacillus subtilis K42 Anticoagulante HASSANEIN et
al. (2011)
Protease fibrinolitica  Aspergillus oryzae KSK-3 Degradacao de SHIRASAKA et
coagulos sanguineos al. (2012)
Colagenase Clostridium histolyticum Ulceras de pele ZIMMER et al.
(2009)
Serino protease com Cirriformia tentaculata Trombose PARK et al.
atividade fibrinolitica (2013)
Protease fibrinolitica  Bacillus sp. UFPEDA 485 Degradacao de SALES et al.
coagulos sanguineos (2013)

3.2 Fibrinolise

Um sistema hemostatico saudavel ¢ constituido de plaquetas, vasos, proteinas envolvidas no
processo de coagulacdo sanguinea, anticoagulantes naturais e pelo sistema de fibrinolise. A hemostasia
consegue suprimir o desenvolvimento de coagulos de sangue em circulagdo normal, através da remocao
rapida por um sistema de fibrindlise eficaz, mas reage extensivamente no caso de uma lesdo vascular
contrapondo—se a perda excessiva de sangue e evitando a formacdo de trombos intravasculares decorrentes
da formagao excessiva de fibrina (FRANCO, 2001; BANERIJEE et al., 2004; LU; CHEN, 2010).

A formacgdo dos coagulos é um fator de protecdo pelo corpo humano para se evitar o excesso de
sangramento de feridas e lesdes, entretanto elas podem atuar negativamente promovendo o bloqueio do
fluxo sanguineo (DEEPAK et al., 2010; RAAFAT et al., 2012). A presenga do trombo (do grego thrombos
que significa coagulo sanguineo) no sistema circulatorio vascular representa um processo critico para a
manutengdo da integridade vascular podendo ocasionar um bloqueio da passagem sanguinea levando a
consequéncias graves como: infarto do miocardio (IM), acidente vascular cerebral (AVC), embolia
pulmonar, doencga cardiaca valvular (DCV), doenga vascular periférica (DCP), arritmias cardiacas e outras
doengas cardiovasculares sendo que a trombose vascular, ou o tromboembolismo venoso pode inclusive

levar o paciente a Obito, esse problema clinico tem sido cada vez mais frequente, sobretudo nos paises
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ocidentais desenvolvidos (BARBOSA et al., 2009; CASTRO et al., 2011; VAIDYA et al., 2011;
SHIRASAKA et al., 2012).

A prevaléncia de doencgas cardiovasculares impde um impacto cada vez maior em nossa sociedade
tanto emocionalmente, quanto socialmente e financeiramente (KIM et al., 2011). Segundo a Organizagao
Mundial de Satde (OMS), as doengas cardiovasculares (DCVs) assim como a pressdo alta, se apresentaram
como a causa niumero um de mortes globais nos ultimos anos, onde cerca de 17 milhdes de pessoas morrem
a cada ano, vitimas de doengas cardiovasculares (BHAVANI et al., 2012; BAJAJ et al., 2013). Dentre estas
doengas, a trombose ¢ uma das mais prevalentes e que mais acometem a sociedade moderna (MAHAJAN
etal., 2012).

A dissolucdo dos codgulos quando mediado por uma enzima ¢ conhecida como trombdlise ou
fibrinodlise, estudos nessa area tem sido feitos para o melhor entendimento a cerca da compreensdao da
formagdo dos coagulos e da estrutura da fibrina (Figura 1) e sua dissolugdo (BANERIJEE et al., 2004;
WHITTAKER; PRZYKLENK, 2009).

Figura 1. Estrutura do fibrinogénio e da fibrina. (A) Modelo da estrutura do fibrinogénio humano, (B)
Modelo da estrutura da fibrina mostrando a cadeia aA. (C) Modelo da fibra de fibrina. (D) Micrografia
eletronica do coagulo de fibrina. (E) Segmentos de fibra de fibrina através de micrografia eletronica de

sobreposi¢do de imagem. (Fonte: FALVO et al., 2010).
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A fibrindlise também promove a cicatrizacdo de feridas, restabelecendo o fluxo sanguineo, sendo
efetuada pelo sistema de ativagdo do plasminogénio, que na circulagdo de mamiferos convertem o
plasminogénio inativo em zimogénio ativo através de uma serino protease denominada de plasmina (EC
3.4.21.7), uma enzima (semelhante a tripsina) fibrinoliticamente ativa, que ¢ produzida a partir do
plasminogénio da proteina inativa presente na circulagio (BANERJEE et al., 2004; DRAG; SALVESEN,
2010; STIE; FOX, 2012). Devido ao seu efeito direto na degradagdo dos coagulos de fibrina, a plasmina
tem grande importancia para o tratamento do acidente vascular cerebral isquémico (AVCI) e também como
ativadora de microglia, e da ativacdo dos fatores de crescimento e da matriz de metalo proteases
(RADNAABAZAR et al., 2011).

A conversdo do plasminogénio em plasmina inativa envolve uma clivagem proteolitica e uma
complexa cascata de interagdes que medeia a fibrindlise necessaria para a homeostase vascular, ou a
degradacdo ¢ remodelagdo do tecido necessaria para a fungdo imune, bem como o0s processos de
crescimento do tecido e seu desenvolvimento e reparagdo. Essa conversdo, ¢ mediada por dois tipos de
ativadores de plasminogénio: o do tipo uroquinase ativador do plasminogénio (u—PA) e do tipo ativador do
plasminogénio tecidual (t-PA) (BANERJEE et al., 2004; DRAG; SALVESEN, 2010; STIE; FOX, 2012).
A atividade proteolitica destes dois ativadores de plasminogénio ¢ modulada pelo inibidor do ativador do
plasminogénio (PAI) que pode ser do tipo PAI-1 ou PAI-2, enquanto que a atividade da plasmina ¢

controlada pela antiplasmina a2 (MEDCALF, 2007) como pode ser observado na Figura 2.
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Figura 2. Modelo de agdo dos agentes fibrinoliticos e ativadores da ativagdo proteolitica do plasminogénio
em plasmina e a representagdo esquematica da fibrindlise. (adaptado de ARBIND; JAGDEEP, 2011;
BANERIJEE et al., 2004).

Ativadores de plasminogénio

* Estreptoguinase,
* Uroguinase (u-PA)

e * Ativador tecidual do plasminogénio (-PA)
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plisminoéais 1 (PAT- 1) ? - plaaina

PLASMINOGENIO PLASMINA
- Profates semallanter s

e ™

FRODUTOS DE DEGRADACADIE

COAGTLO DE FIBRINA

3. 3 Caracteristicas dos diversos agentes fibrinoliticos

Um dos tratamentos terapéuticos oferecidos com o intuito de melhorar a sobrevida dos pacientes
submetidos a doengas cardiovasculares e diminuir a sua morbidade, ¢ a perfusdo intravenosa imediata no
inicio do tratamento com agentes tromboliticos, que estdo atualmente em uso clinico para a dissolugdo de
trombos arteriais em particular nos vasos sanguineos cardiacos. Esses agentes sdo utilizados para permitir o
fluxo coronariano ap6s a ocorréncia de uma oclusdo coronariana aguda, sobretudo em pacientes com [AM,
podendo salvar este individuo da mortalidade e mobilidade (LU; CHEN, 2010; VAIDYA et al., 2011;
RAAFAT etal., 2012; NAVEENA; GOPINATH; et al., 2012a).

Como foi esclarecido por OLIVEIRA (2001) o nome “trombolitico” ¢ utilizado indevidamente para
estes agentes, na verdade estes agentes deveriam ser chamados de agentes fibrinoliticos, pois 0s mesmos
ndo degradam a fibrina presente no trombo diretamente, mas sim catalisa a ativagdo proteolitica do
plasminogénio em plasmina, a principal enzima responsavel pela quebra dos coagulos sanguineos
(MURCIANO et al., 2003; PARK et al., 2013). Entretanto o termo “agentes tromboliticos” continua sendo
bastante difundido. Uma variedade desses agentes, tais como a estreptoquinase, a uroquinase (u—PA) e o

ativador tecidual do plasminogénio (t-PA) sdo utilizados no uso clinico, sendo as formas farmacologicas
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mais ativas e disponiveis no mercado (VAIDYA et al., 2011; NAVEENA; GOPINATH; et al., 2012a)
como pode ser observado na Figura 2.

Os principais agentes podem ser classificados em dois tipos. Os ativadores de plasminogénio:
uroquinase, ativador do plasminogénio tipo tecido (t-PA), e estreptoquinase, responsaveis por ativarem o
plasminogénio em plasmina, e os tipos de proteinas de plasmina, tais como: a nattoquinase € a
lumbroquinase, que agem degradando diretamente a fibrina (CHUNG et al., 2010).

A estreptoquinase (EC 3.2.1.35) € um dos agentes tromboliticos mais importantes, sua produgdo nas
industrias farmacéuticas ¢ produzida através de micro—organismos, ¢ a sua utilizacdo continua sendo a
terapia vital mais acessivel especialmente nos sistemas de satide mais pobres do mundo (BANERJEE et al.,
2004; MUKHERIJEE; RAI 2011). Ela foi produzida inicialmente por Streptococcus haemolyticus, uma
proteina natural, portanto capaz de causar reagdes alérgicas (MEDVED et al., 1966; OLIVEIRA, 2001) .

Uroquinase ou ativador de plasminogénio (u—PA, EC 3.4.21.31) ¢ uma molécula multifuncional que
serve tanto com uma serino protease especifica de fibrinogénio ou como um indutor de sinal, que facilita a
fungdo da plasmina em processos imunologicos, tais como o recrutamento de células imune, geracdo de
sinais anti—inflamatorios na cicatrizagdo, ¢ em condi¢des patoldgicas na propagacdo de tumores, ela é
expressa na forma de zimogénio, em que a ativagdo envolve a conversao proteolitica de uma pré-enzima de
cadeia simples (MEDCALF, 2007; MUKHERJEE; RAI, 2011; STIE; FOX, 2012). Atualmente ndo é
utilizado para o tratamento de IAM, entretanto ¢ frequentemente utilizado para trombolise nas salas de
hemodinamica e para tratamento da embolia pulmonar grave (OLIVEIRA, 2001).

O ativador tecidual do plasminogénio (t-PA) atua como protease fibrinolitica enddgena
intravascular. Nos ultimos anos tém se descoberto seu papel in vivo influenciando na resposta inflamatoria
(MEDCALF, 2007). Também tem se avaliado a sua administra¢do na capacidade de reduzir a deposicao de
fibrina induzida pela endotoxina e mortalidade concomitante em coelhos, assim como, a comparagdo da
eficacia clinica do recombinante t-PA e da estreptoquinase, entretanto essas investigacdes ainda ndo
revelaram uma clara preferéncia por uma ou outra droga (BANERJEE et al., 2004; SCHOOTS et al.,
2004). O t-PA ndo possui imunogenicidade, e tem uma especificidade razoavel pela fibrina e ndo tem
resisténcia ao PAI-1 (OLIVEIRA, 2001).

Apesar do seu intenso uso, muitos dos agentes fibrinoliticos t€ém apresentado algumas desvantagens
como: meia-vida curta, reacdes alérgicas, baixa especificidade pela fibrina, um alto custo, fontes restritas e
excessiva complicacdo hemorragica, principalmente dentro do trato intestinal (KIM et al., 2011; HUANG
et al.,, 2013; ZHANG et al., 2013). Nesse sentido, pesquisas para busca de novas fontes de enzimas
fibrinoliticas econdmicas e seguras, que causem menos efeitos colaterais tém sido estudadas nas ultimas
décadas (NAVEENA; GOPINATH; et al., 2012b).

OLIVEIRA (2001) mostra algumas das propriedades que os novos candidatos a futuros agentes

tromboliticos devem apresentar: reperfusdo rapida, especificidade pela fibrina, baixa incidéncia de
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sangramento sist€émico, baixa incidéncia de hemorragia intracraniana, resisténcia ao PAI-1, baixa taxa de

reoclusdo, ndo apresentar efeito na pressao arterial, ndo possuir antigenicidade e ter um custo razoavel.

3. 4 Fontes de enzimas fibrinoliticas

O CheongGukJang (pasta de soja sem sal, de origem coreana) e o Natto (um alimento tradicional
japonés, feito de soja e consumido a mais de 2000 anos) ambos sdo fermentados com o auxilio de bactérias
da espécie Bacillus, foram uma das primeiras fontes de enzimas fibrinoliticas, tendo o Bacillus subtilis
natto, como uma bactéria isolada a partir do Natto, e que produz a nattoquinase uma enzima fibrinolitica
capaz de reduzir a formacgao de coagulos sanguineos por hidrolise, diretamente nos trombos e também por
atuar na conversao de plasminogénio em plasmina (OMURA et al., 2005; RADNAABAZAR et al., 2011;
ZHANG et al., 2013).

Enzimas isoladas de animais vém sendo estudadas nos ultimos anos, sendo isoladas do veneno de
cobra como o Bothrops atrox (CINTRA et al., 2012), Agkistrodon saxatilis (KOH et al., 2001) e Bothrops
colombiensis esta Gltima, uma espécie de cobra envolvida na maioria dos acidentes ofidicos da Venezuela,
também tém demonstrado agdo de degradar a fibrina diretamente e eficientemente, além de ndo possuirem
uma acdo toxica e nem efeitos secundarios como hemorragias, sendo investigado seu uso para o tratamento
de doengas tromboliticas (GIRON et al., 2013). A lumbroquinase é uma enzima proteolitica que foi
extraida primeiramente e encontrada na cavidade do corpo e nos orgaos digestivos de Lumbricus rubellus
uma espécie de minhoca, esta enzima consegue dissolver coagulos de fibrina do sangue e inibir a ativagdo
de plaquetas e sua agregacdo (MIHARA et al., 1991; LU; CHEN, 2010).

Atividade fibrinolitica também tem sido encontrada em poliquetas Neanthes japonica (WANG et
al., 2011) e atividades fibrinogenolitica e anticoagulantes podem ser encontradas até mesmo em tecidos que
revestem alguns animais, por exemplo, os ferrdes de arraias marinhas como a das espécies Dasyatis sephen
e Aetobatis narinari (KUMAR et al., 2011).

As plantas também tém sido alvos de investigacdes, em virtude de suas ricas fontes de compostos
quimicos versateis promissores € com valores medicinais, sendo que nos ultimos anos, proteases que
afetam a coagulacdo e a fibrinolise foram isoladas e caracterizadas a partir do latex de Euphorbia hirta
(PATEL et al., 2012) de folhas de Spondias dulcis (ISLAM et al., 2013) ou de ervas ja utilizadas a centenas
de anos na medicina popular do leste asiatico, como a Ganoderma lucidum Vk12 (KUMARAN et al.,
2011).

Ambientes marinhos também tem sido alvo de exploragdo, para produgdo de novas enzimas com
atividades fibrinoliticas por se tratar de um ambiente novo, pouco explorado e rico em uma diversidade de
micro—organismos. Nos ultimos anos, varias enzimas foram identificadas e caracterizadas a partir de micro-
organismo de ambientes marinhos, tais como: actinomicetos marinhos (NAVEENA; SAKTHISELVAN; et

al., 2012), Bacillus subtilis HQS-3 uma bactéria marinha isolada do mar de lama de Beihai, sudeste da
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China (HUANG et al., 2013) e Bacillus subtilis ICTF-1 (MAHAJAN et al., 2012). Além disso, essas
enzimas originadas de micro—organismos marinhos sdo capazes de funcionar em condi¢des que levam a
precipitagdo ou desnaturacdo da maioria das proteinas de micro-organismos ndo comuns nesse habitat, ¢
podem ter uma menor ou nenhuma toxicidade ou efeitos secundarios quando utilizados para aplicagdes
terapéuticas (MAHAJAN et al., 2012).

As bactérias da espécie Bacillus, sdo as maiores produtoras de enzimas fibrinoliticas em virtude de
metabolicamente serem mais diversificadas do que fungos, além de crescerem mais rapido em comparagdo
aos mesmos e serem mais facilmente passiveis de manipulagdes genéticas (BAJAJ et al., 2013), varios
trabalhos tem demonstrado seu uso (JEONG, 1997, CHANG et al., 2012; SALES, 2013) Entretanto,
Bacillus sp. produz enzimas que podem variar, sendo intracelulares ou extracelulares o que pode elevar os
custos de producdo em larga escala (MAHAJAN et al., 2012). Outras bactérias como os Streptomyces sp.
também tem demonstrado uma boa atividade fibrinolitica (CHITTE et al., 2011; BHAVANI et al., 2012;
MEDEIROS E SILVA et al., 2013).

Diferentemente os fungos tem a capacidade de produzir proteases com atividade fibrinolitica de
forma extracelular, entre esses se destacam os fungos fitopatogénicos como o Paecilomyces tenuipes (KIM
et al.,, 2011) e o fungo filamentoso Aspergillus oryzae KSK-3 (SHIRASAKA; NAITOU, 2012). No
trabalho de ARBIND; JAGDEEP (2011) foi apresentado uma variedade de enzimas fibrinoliticas
produzidas a partir de fungos (Tabela 2).

Tabela 2. Enzimas fibrinoliticas produzidas por fungos (Adaptada de ARBIND; JAGDEEP, 2011).

Nome da proteina Espécie Tipo de atividade Referéncia
FP Protease Fusarium sp. BLB Serino protease SUGIMATO et
al. (2007)
Enzima fibrinolitica Fusarium oxysporium Metalo protease ABDEL-
N.R.C1 FATTAH et al.
(1993)
Enzima fibrinolitica Fusarium semmitectum Nao definida BUCKLEY et al.
(1981)
Enzima FU - P Fusarium sp. Serino metalo proteases  BIN et al. 2009
Enzima fibrinolitica Rhizopus chinensis 12 Sulfuril-metalo KIRK et al.
proteases (2001)
PoFE Pleurotus estreutus Quimiotripsina—metalo WOL-SUK et al.
proteases 2010

Enzima fibrinolitica Pleurotus eryngii Serino protease OHM, R.A .
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Enzima fibrinolitica

Mushroquinase

Enzima fibrinolitica

Enzima fibrinolitica

FVP -1

TSMEP1 TSMEP2

Enzima fibrinolitica

GFMEP

FFP1
FFP2
Nova enzima

fibrinolitica

AMMEP

CMase

Enzima fibrinolitica

Enzima fibrinolitica

Enzima fibrinolitica

Enzima fibrinolitica

Schizophyllum commune
BL 23

Schizophyllum commune

Schizophyllum commune

Bionecteria sp.
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(2010)
PANDEE et al.
(2008)
PARK et al.
2010
LU et al. (2010)
ROVATI et al.
(2010)
PARK et al.
(2007)
KIM et al.
(2001)

ALl et al. (2008)
NONAKA et al.
(1997)

LEE et al. (2006)
LEE et al. (2006)
LARCHER et al.
(1992)
KIM et al.
(2001)
KIM et al.
(2006)

CUI et al. (2008)
THARWAT et
al. (2006)
KIM, J.H (2008)
KIM et al.
(2008)

3.5 Producio de enzimas por FES

A FES ¢ um processo fermentativo produtor de uma grande variedade de biomoléculas, entre essas

as enzimas proteasicas (RAVIKUMAR et al., 2012). A FES tem um enorme potencial para a produgdo de

enzimas, sendo um sistema melhor do que a fermentacdo submersa (FS), pois apresenta pontos de vista

tanto econdmicos quanto ambientais vantajosos (IANDOLO et al., 2011), embora ndo seja a tecnologia de

fermentag@o industrial mais amplamente utilizada devido a alguns fatores como: dificuldades na concepgao
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de biorreatores, devido a homogenicidade, superaquecimentos ¢ limitagdes relacionadas a quantidade de
indculo utilizando esporos, particularmente no caso de processos que envolvam micro—organismos como 0s
fungos (CASTRO et al., 2011). A FES envolve todos os processos que utilizam o material insolivel em
agua para o crescimento microbiano, na auséncia de agua livre (Figura 3), estas condi¢des sdo
especialmente adequadas e tendem a favorecer o crescimento de fungos filamentosos, devido as
necessidades de umidade mais baixas em comparagdo com as bactérias (YEGIN et al., 2011;
RAVIKUMAR et al., 2012).

BARRIOS-GONZALEZ (2012) explana que talvez a maior desvantagem da FES, em relagdo a FS,
¢ o pouco conhecimento da fisiologia dos fungos e outros micro-organismos utilizados nessa fermentagao,
necessitando que os pesquisadores e empresas tenham mais ateng@o a sua parte bioldgica, ja que a maioria
das pesquisas se detém aos estudos de otimizacdo de producdo das biomoléculas (temperatura, umidade,
aeragdo, entre outros) e esquece-se de estudar sobre o crescimento do fungo.

A FES tem sido utilizada ha séculos, sendo inicialmente utilizada na producdo de alimentos
fermentados em paises orientais (OMURA et al., 2005; RADNAABAZAR et al., 2011; ZHANG et al.,
2013). Nos ultimos 20 anos, este tipo de fermenta¢do tem atraido e renovado seu interesse e credibilidade
em muitas corporacdes industriais, pois 0s custos nos processos industriais atuais sdo bastante elevados
para a producdo de varias biomoléculas, especialmente enzimas (HOLKER; LENZ, 2005; RAHARDJO et
al., 2006; THANAPIMMETHA et al., 2012).

Sendo o processo de FES preferido a FS, devido a uma série de vantagens: que incluem uma maior
concentragdo e produtividade, alto rendimento do produto requerido, facilidade no processo de downstream
e requisitos de energias mais baixos tendo uma redug@o dos custos operacionais € com o uso de maquinas
mais simples para fermentagdo quando comparados com a FS, além de um baixo débito de aguas residuais,
tempo de fermentagdo mais curto, diminuicdo ou auséncia de degradagdo de enzimas por proteases
indesejaveis, utilizacdo de substratos de baixo custo, além de evitar fendmenos que influenciam
negativamente a produc@o de biomoléculas como a auséncia e/ou menor repressao catabolica, e inibi¢do de
biossintese de aminoacidos e amonia (CASTRO, et al., 2011; YEGIN et al., 2011; RAVIKUMAR et al.,
2012; BARRIOS-GONZALEZ, 2012).

Ha muitos casos em que as enzimas produzidas em FES diferem das produzidas em FS, pois essas
enzimas apresentam diferentes caracteristicas como: temperatura 6tima mais elevada ou estabilidade ao pH,
diferentes pardmetros cinéticos, ou mesmo enzimas que ndo foram segregadas para o meio liquido, sdo
segregadas em meio solido, além do produto gerado ser muitas vezes obtido mais rapido, embora possam
ser até mesmo produzidas pelo mesmo micro—organismo (ACUNA-ARGUELLES et al., 1995; HOLKER;
LENZ, 2005; BARRIOS-GONZALEZ, 2012).

Um exemplo de maior producdo de enzima por FES quando comparado a FS pode ser visto nos
estudos de HIGASHIO e YOSHIOKA (1982) onde utilizando estirpes de fungos como Mucor racemosus

para a producdo de protease coagulante do leite na FES atingiu uma producdo de 6500 U/g de substrato
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solido, o que corresponde a 600-1000 U/mL enquanto que na FS utilizando o mesmo micro—organismo
obteve uma atividade enzimatica entre 600 ¢ 800 U/mL. DUTTA (2008) utilizando Penicillium citrinum
para a produgdo de celulase em FES comparando com a FS também apresentou melhores resultados de
producdo da enzima quando utilizado o primeiro método mencionado de fermentagao.

VINIEGRA-GONZALEZ (2003) mostrou nos seus estudos que a taxa maxima de crescimento
especifico, nivel de biomassa maxima, producdo de enzima/biomassa e a taxa de producdo secundaria ou
de decomposicdo, revelou uma produtividade da enzima usando um sistema de FES maior do que na FS em
todos os parametros estudados.

Pode-se utilizar residuos agricolas e alimentares para a produgdo industrial de enzimas,
principalmente pertencentes a classe de enzimas ligninoliticas, como as lacases, a manganés peroxidase
(MnP) e lignina peroxidase (LIP), e de enzimas de hidrélise de carboidratos, tais como as amilases, as
xilanases , as celulases, pectinases e sobretudo as proteases (IANDOLO et al., 2011).

Atualmente existem dois tipos de sistemas de FES que sdo separados de acordo com a natureza da
fase solida utilizada, podendo ser: FES em substratos solidos naturais, ou FES em suportes inertes
impregnados, embora essa Ultima ndo apresente resultados de producdo tdo satisfatorios quando
comparados ao método classico (BARRIOS-GONZALEZ, 2012).

No esquema da Figura 3, podem ser observados alguns dos processos que ocorrem em microescala
durante a fermentacdo em estado solido (FES). Apos a esporulacdo, as hifas dos fungos se desenvolvem em
um tapete de micélio (preto), que se espalha sobre a superficie das particulas que constituem o substrato
solido (castanho). A partir do tapete de micélios, as hifas aéreas sobressaem para o espago gasoso, ao passo
que outros penetram no substrato por crescimento em poros cheios de liquido. Em niveis normais de
umidade, os espacos vazios entre as hifas aéreas sdo mais susceptiveis de serem preenchidos com gas (g),
ao passo que os espacgos vazios no interior vdo sendo cobertos por um tapete de micélio e dentro do
substrato sdo preenchidos com liquido (1) (HOLKER; LENZ, 2005).

As atividades metabodlicas mostradas ocorrem principalmente perto da superficie do substrato e no
interior dos poros, no entanto, as regides expostas do micélio (por exemplo, as hifas aéreas) mostram
também o metabolismo ¢ pode haver um transporte de substincias a partir da penetragdo para as hifas
aéreas. Enzimas hidroliticas (azul claro), que sdo produzidos pelo micélio, difusa para a matriz solida e
catalisam a degradacdo de macromoléculas em unidades menores (verde). Oz é consumido ¢ CO», H>O,
calor e produtos bioquimicos interessantes sd3o produzidos durante a fermentagdo. Assim, os gradientes
desenvolvem dentro do biofilme, que, por exemplo, forca a difus@o de O a partir da fase gasosa para as
regides mais profundas do biofilme (lilas) e CO2 a difundir a partir destas regides para a fase gasosa
(vermelho). Desenvolvimento de calor (Q; laranja) leva a um aumento rapido da temperatura (T), que € um
problema sério durante FES (HOLKER; LENZ, 2005).

O calor ¢, por conseguinte, removido do substrato ndo so através de conducdo, mas também por

meio de evaporacdo, que ¢ parte do complexo balango de 4agua no sistema (azul escuro). Ao lado de
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evaporagdo, o equilibrio de agua inclui a absor¢do de agua pelo micélio no decurso do crescimento, o
consumo de agua durante as reacdes de hidrolise e de producdo de agua através da respiracdo. Como outro
fator importante, o pH local, pode ser alterado devido a liberagdo de acidos de carbono e da troca de
amonia (cinza). Os produtos bioquimicos de interesse que sdo libertados para a matriz solida e os espacos
cheios de liquidos durante a fermentacdo pode absorver o solido e pode ter que ser extraida para uso
posterior no final do processo. Todos estes e muitos outros fenomenos podem influenciar fortemente o

desempenho do processo durante FES (HOLKER; LENZ, 2005).

Figura 3. Ilustrag@o sobre o crescimento dos fungos na superficie do substrato na FES (Fonte: HOLKER;

LENZ, 2005).
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3.6 Fatores que influenciam na producio de enzimas por FES

Para a producdo, sobretudo de enzimas fibrinoliticas muitas tentativas em laboratorios tém sido
feitas para melhorar a expressdo dessas enzimas, sendo importantes nos processos industriais para
determinar uma melhor atividade e estabilidade de enzimas que determine uma viabilidade econémica ¢
uma aplicagcdo da enzima mais rentdvel (RAVIKUMAR et al., 2012; ABO-ELMAGD; HOUSSEINY,
2012).

Algumas estratégias como a selecdo de um meio ideal de cultura, otimizacdo das condigdes

ambientais, superexpressdo por linhagens geneticamente modificadas, modificagdo quimica no sitio ativo,
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introdugdo de pontes de dissulfeto, imobilizagdo, estabilizacdo entropica, teor de umidade inicial, pH e
porosidade do substrato, temperatura da cultura, presenca de nutrientes ¢ a quantidade de inoculo
adicionada sdo fatores determinantes na producdo da biomolécula de interesse (PENG et al., 2005;
GOHEL; SINGH, 2013).

Dentre esses parametros, a temperatura de cultivo, o teor de agua e o pH do meio de crescimento
mostram como sendo as variaveis constantes mais significativas e também mais complexas no processo de
biorreacao, sendo a temperatura a que mais propicia a existéncia de uma ligagdo entre a sintese de enzimas
e seu metabolismo energético (ITO et al., 2011; BHUNIA et al., 2012).

O baixo teor de umidade utilizado na FES possibilita que esse tipo de fermentagdo s6 possa ser
efetuado por um namero limitado de micro-organismos, principalmente leveduras e fungos, embora
algumas bactérias também viessem sendo utilizadas. Além disso, o minimo teor de dgua presente inibe ou
diminui o crescimento de bactérias e leveduras contaminantes (HOLKER; LENZ, 2005; COUTO;
SANROMAN, 2006).

O tamanho do substrato também tem sido um fator importante para a producdo da enzima pelo
micro—organismo, ja que o tamanho do mesmo influencia no crescimento microbiano, pois geralmente,
particulas de substrato menores fornecem uma maior area de superficie para o micro—organismo, entretanto
resulta em uma aglomeracdo do substrato, ocasionando num crescimento limitado. Por outro lado,
particulas maiores propiciam uma melhor aeracdo e uma superficie limitada para o crescimento
microbiano, estudos devem entdo ser feitos para ver essa relacdo e o melhor tamanho de particula do
substrato de acordo com o micro—organismo estudado (COUTO; SANROMAN, 2006).

A FES também pode ser realizada principalmente por culturas mistas, que regulam internamente o
crescimento e a formagdo de determinado produto, o que poderia ser dificeis de alcancar de outra forma ou

utilizando uma tnica cultura (HOLKER; LENZ, 2005; PUROHIT et al., 2006).

3.7 Residuos agroindustriais utilizados na FES

Um critério importante para a produg¢do de enzimas por FES ¢ a selegdo do substrato, pois com o
aproveitamento dos mesmos, pode—se agregar valor a estes produtos e reduzir os custos de producdo das
enzimas (SILVA et al., 2009; NAVEENA; GOPINATH; et al., 2012b). A industria de processamento de
alimentos, por exemplo, gera uma grande quantidade de residuos por ano em todo o mundo, causando um
problema sério de deposicio (GOMEZ et al., 2005), vale ressaltar que ¢ importante ao pensar em larga
escala na producdo de uma biomolécula, que o substrato utilizado em questdo tenha um baixo custo e uma
ampla disponibilidade (COUTO et al., 2006).

Varios substratos tém sido utilizados na FES como: bagaco de cana, residuos de banana, raizes de
canola, farelo de trigo, residuos de uva, palha de trigo, madeira (IANDOLO et al., 2011), sabugo de milho
(CHA et al., 2010), farelo de soja, casca de café (PANDEY et al., 2000), palma doce ou forrageira
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(Nopalea coccinellifera) (CARVALHO et al., 2012), torta de babagu (Orbygnia sp) (CASTRO et al.,
2010), casca e farelo de arroz (SILVEIRA; FURLONG, 2007). A selecdo dos componentes do meio ¢é
geralmente critica para a produg@o fermentativa, sobretudo de enzimas fibrinoliticas (PENG et al., 2005). A
utilizagdo de residuos de baixo custo pode reduzir o custo de producdo das enzimas entre 40 a 60%
(DHILLON et al., 2012). Além disso, a reciclagem dos residuos agroindustriais reabastece os solos com
nutrientes, sendo importante do ponto de vista ambiental e sustentavel (VASSILEV et al., 2007).

Substratos a base de cereais, tais como farelo de arroz, farelo de trigo, flocos de aveia, descascados
ou em pérolas de cevada, promovem uma fonte adequada de nutrientes para o crescimento de fungos por
conter elevado teor de carbono, e niveis adequados de nitrogé€nio organico, servindo ndo s6 como fontes de
nutrientes necessarios ao crescimento do micro—organismo, mas também fornece compostos que podem
induzir a producdo de determinada biomolécula (HALTRICH et al., 1997; CERTIK; ADAMECHOVA,
2009).

Os farelos de arroz e de trigo sdo frequentemente utilizados como substrato, para a fermentacdo em
estado so6lido visando a produgdo de insumos para a industria de alimentos, devido a sua abundancia e
serem ricos em nutrientes como proteinas, lipidios, vitaminas e compostos funcionais (COELHO et al.,
1999; MOREIRA; FURLONG, 2007). Além de esses farelos serem pouco utilizados na alimentagdo
humana, pela indisponibilidade biologica e caracteristicas organolépticas pouco agradaveis (MOREIRA;
FURLONG, 2007).

A soja ¢ outra matéria-prima de custo acessivel e apresenta em sua composi¢do, importantes
compostos quimicos: lipidios, carboidratos, minerais, vitaminas, fibras, polissacarideos, lecitina e
isoflavonoides, além de ser uma rica fonte de proteina vegetal constituindo um excelente meio nutricional
para o crescimento e desenvolvimento de micro-organismos ao longo da FES (AGRAWAL et al., 2004;
PARIS, et al., 2012).

De acordo com SOCCOL & VANDENBERGUE (2003), o Brasil tem um potencial biotecnologico
para utilizar seus residuos agroindustriais, ndo s6 por ser um pais agricola que se destaca
internacionalmente por suas exportagdes, mas também por existir grupos de pesquisa que geram grandes
esfor¢os no desenvolvimento de bioprocessos industriais, baseados na FES com expectativas que no futuro
possam produzir pelo menos alguns dos produtos mais utilizados no mercado, tais como: enzimas,
pigmentos, aromas, polissacarideos, biopesticidas, acidos organicos, entre outros, utilizando residuos agro-

industriais como substrato.

3.8 Mucor subtillissimus

Os fungos filamentosos tém se destacado por serem ideais para a FES, uma vez que eles crescem na
natureza em substratos solidos tais como madeira, caule, raiz, folhas de plantas e na auséncia de agua livre,

e também tém o poder de intrusdo para penetrar profundamente nos espagos intercelulares, e intracelulares
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da matriz do substrato para o melhor aproveitamento dos nutrientes presentes (MUKHERJEE; BANERIJEE,
2011; BARRIOS-GONZALEZ, 2012). Dentre esses fungos filamentosos, o género Mucor, pode se
apresentar sobre a forma leveduriforme ou podendo formar um pseudomicélio ou constituir hifas, que
podem agrupar-se ou justapor-se (ESPOSITO; AZEVEDO, 2010; YIKE, 2011).

Estima-se que cerca de 60% das enzimas comercializadas, se originam a partir de fungos
(ERJAVEC et al., 2012). Proteases extracelulares sdo facilmente produzidas e isoladas a partir de culturas
fingicas, sendo a expressdo destas, reguladas em resposta a fonte de carbono, fonte de nitrogénio e o pH
extracelular (YIKE, 2011). Representantes desse género Mucor, sio utilizados em muitos paises da Asia e
da Africa para a fermentagdo de alimentos & base de soja e outros produtos agricolas ricos em lipidios
(ZHANG et al., 2013).

A espécie Mucor subtillissimus pertence ao filo Zygomycota, classe Zygomycetes, ordem
Mucorales, género Mucor. Essa ordem € um grupo filogeneticamente antigo de fungos, a qual pertence
também os géneros Rhizopus, Rhizomucor, Lichtheimia corymbifera, Cunninghamella, Absidia ¢ Blakeslea
(ESPOSITO; AZEVEDO, 2010; PHULPIN-WEIBEL et al., 2013). O reconhecimento de Mucorales pode
ser feito facilmente, observando apenas as caracteristicas macroscopicas, devido a formagao de colonias de
1a (Figura 4) com pequenos pontos (espordngio) que aparecem em alguns dias e bem distribuidos

(SHARIFIA, 2007).

Figura 4. Crescimento do Mucor subtillisssimus.: (A) M. subtillisssimus crescido em meio Czapek. (B) M.
subtillisssimus crescidos na FES utilizando farelo de trigo como substrato, (C) M. subtillisssimus crescidos

na FS.

O género Mucor contém cerca de 3000 espécies, que sdo amplamente distribuidas no solo, podendo
ser isolados das superficies de plantas e vegetais em decomposicdo, e em fezes de herbivoros, sendo um

zygomycota dimoérfico que pode alternar seu modo de crescimento entre leveduriforme e filamentoso
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dependendo do estimulo ambiental, esses fungos desempenham um papel importante sendo responsaveis
pela colonizagdo primaria do substrato (ALVES; TRUFEM, 2002; INOKUMA et al., 2013; KARIMI;
ZAMANI, 2013). Além de apresentar um excelente crescimento em substratos & base de cereais (CERTIK
etal., 2013).

Os representantes de Mucor reproduzem-se, assexuadamente, por meio de aplandsporos formados
internamente em esporangios e clamiddsporos; Sexuadamente, pela fusdo de dois gametingios
geneticamente compativeis, pertencentes ou ndo ao mesmo micélio e dando origem ao zigésporo (ALVES
et al., 2002).

O género Mucor ¢ utilizado biotecnologicamente na producao de acidos organicos (INOKUMA et
al., 2013), etanol (VINCHE et al., 2012). lipases (ALVES et al., 2002; ULKER; KARAOGLU, 2012),
proteases (SOMKUTI; BABEL, 1968; ESCOBAR; BARNETT, 1993; ALVES et al., 2005; LUIZ et al.,
2008) e proteases coagulante do leite (AYHAN; TANYOLAC, 2001; SATHYA et al., 2010; YEGIN et al.,
2011, 2012). Sendo o género Mucor, bons produtores de proteases asparticas em culturas solidas. (YEGIN
etal., 2011).

Qualquer processo de produgdo de biomoléculas independente do tipo de fermentagdo requer uma
fase de operagdo e produgdo do produto de interesse, ¢ uma segunda fase relativa a recuperacdo ¢ a
purificacdo desse produto. Enzimas produzidas por fungos filamentosos, geralmente sdo produzidas de

forma extracelular o que facilita a etapa do processo de recuperacdo (YEGIN et al., 2011).

3.9 Sistema de Duas Fases Aquosas

M¢étodos de purificagdo como o sistema de duas fases aquosas (SDFA) e cromatografias sdo as mais
utilizadas e adequadas para a pré-purificagdo e separacdo adequada entre o produto e outros
“contaminantes”. As industrias necessitam de etapas que propiciem uma afinidade mais rapida, e que seja
eficaz e essencial para o desenvolvimento do produto (ERJAVEC et al., 2012). Neste sentido, o SDFA um
tipo de extragdo liquido—liquido, que desde meados de 1950, iniciado por Albertsson (MONTEIRO —
FILHO, 2010) vem sendo utilizado como alternativa aos métodos tradicionais de purificagao.

O SDFA pode ser formado pela adigdo de dois (ou mais) polimeros, ou um polimero e uma solugdo
salina especifica, que acima de certas concentragdes criticas e temperaturas, resultam nas duas fases
aquosas imisciveis, onde a biomolécula migra preferencialmente para uma das fases enriquecidas com o
polimero ou para o sal presente (MARINI et al., 2011; ASENJO; ANDREWS, 2012; SALES et al., 2013).
Essa migragao para uma determinada fase ocorre: dependendo do tamanho e/ou conformagdo da molécula,
hidrofobicidade e das interagdes eletroquimicas e especificas feitas entra a molécula ¢ o polimero
(MARINI et al., 2011; ASENJO; ANDREWS, 2012).

Com relagdo ao particionamento de proteinas especificamente, os fatores que mais influenciam na

sua migracdo para uma das fases sdo: a massa molar do PEG, a concentracdo do polimero presente no
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SDFA, a resisténcia ionica do sal, temperatura, pH e hidrofobicidade (PERICIN et al., 2009; ASENJO;
ANDREWS, 2012).

Dentre as vantagens do SDFA destacam-se: a clarificacdo simultanea, concentragdo e fracionamento
de um extrato bruto, curto tempo de processamento, baixo consumo de energia, ambiente compativel para a
biomolécula devido a alta quantidade de agua presente no sistema (mais de 80% de agua em ambas as
fases), facilidade de ampliacdo de escala, e elevada area interfacial de contato de operagdo (YEGIN et al.,
2011; RAJA etal.,, 2012; COELHO et al., 2013).

Diversos estudos mostram a utilizagdo do SDFA, composto pelo polietilenoglicol (PEG) um
polimero, que ¢ utilizado em uma das fases e tém inumeras vantagens em virtude da sua alta
disponibilidade, seu baixo custo, propiciar a recuperagdo da atividade proteica, ser uma substincia atoxica,
e ndo causar distirbios ao meio ambiente por ser biodegradavel (SARMENTO et al., 1994). Além desse
polimero, ter sido aprovado para o consumo interno pela FDA (Food and Drug Administration) (LI; KAO,
2003).

O sistema PEG/SAL permite uma maior seletividade, propriedades fisicas favoraveis no que se
refere a sua viscosidade, a sua rapida separacdo, diferenca de densidade entre as fases, € um menor custo,
sendo o fosfato, sulfato e citrato os sais comumente utilizados (XIE et al., 2011; PADILHA et al., 2011;
RAJA et al., 2012).

Diversas biomoléculas e particulas podem ser particionadas pelo SDFA: proteinas, virus, organelas,
fragmentos de membrana (COELHO et al., 2013), metabolitos de cianobactérias (CHAVEZ-SANTOSCOY
et al., 2010), lectinas (PORTO et al., 2011; SOARES et al., 2011), proteases queratinoliticas (BACH et al.,
2012), colagenoliticas (LIMA et al., 2011), a-amylase (PORFIRI et al., 2011), ascorbato oxidase (PORTO
et al., 2010), fitase (NEVES et al., 2012), lipase (SHOW et al., 2012) e enzimas fibrinoliticas (SALES et
al., 2013; CHANG et al., 2012; MEDEIROS E SILVA et al., 2013) demonstrando a sua variedade de

aplicacdes industriais.
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ABSTRACT

Fibrinolytic enzymes have received attention owing to their medicinal potential for thrombolytic
diseases these are becoming a leading cause of morbidity and mortality worldwide. Various natural
enzymes purified from animal, plant and microbial sources have been extensively studied. The aim of our
study was to produce fibrinolytic protease by Rhizopus arrhizus var. arrhizus SIS30 and Mucor
subtillissimus SIS42 filamentous fungi species isolated from soil of Caatinga-PE, Brasil, by solid-state
fermentation using agroindustrial residues: passion fruit peel, corncob, cassava peel, soybeans, Malpighia
emarginata seed, wheat bran and citrus pulp. A 2* full factorial design was used to evaluate the main
effects and interactions of the amount substrate, moisture and temperature over the fibrinolytic activity
production and protease activity. The best producer of enzymes was Mucor subtillissimus SIS42 using 3g
wheat bran, moisture (50%) at a temperature of 25°C for 72 hours with a fibrinolytic activity and activity
protease of 144.58 U/mL and 48.33 U/mL respectively. This enzyme was very stable at 45°C for 150 min.
The optimum temperature was 45°C. The protease activity was enhanced by K*, Ca”™ and Mn", in
opposition Cu* showed strong inhibition. The high specificity to chromogenic substrate and strongly
inhibited by PMSF clearly indicates that is a chymotrypsin-like serine protease. According to these results,

the enzyme seems to be an interesting alternative as a possible candidate for thrombolytic therapy.

Key words: Mucor subtillissimus, fibrinolytic protease, solid-state fermentation, thrombolytic activity.
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1. INTRODUCTION

According to data provided by the World Health Organization (WHO) in 2000, heart diseases were
responsible for 29% of the total mortality rate in the world. About 17.3 million people die each year of
cardiovascular disease victims. It is estimated that in 2030 the number of deaths could reach 23.6 million
(Mine et al., 2005). Cardiovascular diseases, including acute myocardial infarction, ischemic heart disease,
valvular heart disease, peripheral vascular disease, arrhythmias, high blood pressure and stroke (Mukherjee
et al., 2012; Simkhada et al., 2010). These problems are usually caused by accumulation of fibrin (blood
clots) that adheres to the wall of the blood vessels leading to thrombosis (Montriwong et al., 2012).

Various thrombolytic agents have been used in the therapeutic treatment of thrombosis, but due to
their high cost and hemorrhagic side effects, have been sought for new sources. Especially for fibrinolytic
enzymes produced by microorganisms that have the potential to inhibit blood coagulation which are able to
degrade the fibrin, beyond them are more advantageous in view of large scale production. Between
microorganisms stand out bacteria of the genus Bacillus, cyanobacteria, fungi, and Streptomyces (Banerjee
et al., 2013; Chang et al., 2012; Lu et al., 2010a, 2010b; Medeiros e Silva et al., 2013; Shirasaka et al.,
2012).

Filamentous fungi have been shown to be a good choice for the production of fibrinolytic enzymes
because they are good producers and their enzymes are easily extracted, since most of them are produced
extracellular (Germano et al., 2003). The order Mucorales comprised the genus Rhizopus, Mucor, Rhizo-
Mucor, Cunninghamella and Absidia are known in literature by demonstrate a potential for production of
proteinases with milk clotting activity. The genus Mucor is known as producer of extracellular proteases,
amylases and lipases (Yegin et al., 2011).

Among the types of fermentation for enzyme production by filamentous fungi the solid-state
fermentation (SSF) is the most suitable since they the microrganisms grow in nature in solid substrates such
as wood, stem, root, plant leaves, and in the absence of free water. The SSF is increasingly gaining more
interest for enzyme production because it is a low-cost technology, easy recovery of biomolecules formed,
and higher yields when compared to submerged fermentation. SSF is an alternative to the use of agro
industrial substrates source avoiding impacts to environment, being an economically viable method and
clean environmental point of view (Pandey et al., 2000; Banerjee et al., 2005; Certik et al., 2009).

Other advantages of SSF are the presence of phenomena that helps prevent negative influence the
biosynthesis of enzymes, and cases of catabolite repression by glucose or inhibition of the biosynthesis of
amino acids and ammonia (Bansal, et al., 2012; Soccol and Vandenberghe, 2003; Gombert et al., 1999;
Yegin et al., 2011). The present study was evaluated the production of fibrinolytic protease by Rhizopus
arrhizus var. arrhizus SIS30 and Mucor subtillissimus SIS42 in solid-state fermentation using

agroindustrial residues.
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2. MATERIAL AND METHODS
2.1 Microorganisms

In this study, was used two species of filamentous fungi Rhizopus arrhizus var. arrhizus SIS30 and

Mucor subtillissimus SIS42 both isolated from soil Caatinga, Serra Talhada, PE-Brazil.
2.2 Medium for maintaining and sporulation

These strains were maintained periodically on Czapek medium at 7 days for sporulation. The
sterilization of the medium was performed by autoclaving at 121°C, 1 atm pressure for 20 minutes. The

strains were incubated in BOD (Body Oxygen Demand) at 30°C for 7 days.
2.3 Preparation of inoculum

The spores were collected by nutrient solution comprised of 0.5% (w/v) Yeast extract, 1% (w/v)
Glucose, 0.01% Tween 80 (w/v); diluted in sodium phosphate buffer 245mM and pH 7.0 previously
sterilized, the spores were counted in Neubauer chamber to a final concentration of 107 spores/mL.
Erlenmeyer flasks 125mL were inoculated with fungal spores into the autoclaves substrates for producing

of enzymes.
2.4 Selection substrates for the SSF

Rhizopus arrizus var. arrizus SIS30 and Mucor subtillissimus SIS42 were inoculated in Erlenmeyer
flasks 125 mL containing 5g of substrates (moisture of 40%) in BOD at 30°C for 72 hours. The substrates
used for were: passion fruit peel, corncob, cassava peel, soybeans, Malpighia emarginata seed, wheat bran
and citrus pulp, sieved for whom possessed granulometry between 0.6 to 2.0mm. These substrates were

dried in at 65°C until complete dehydration and then stored in plastic containers.
2.5 Production of fibrinolytic protease by SSF

The fermentations were carried out in Erlenmeyer flasks 150mL containing of different substrates
autoclaved for 20 min at 121°C. These substrates were moistened as needed with nutrient solution and
water to reach the desired moisture. To producing fibrinolytic proteases, was done using full factorial
design (2°) to determine the influence of the parameters: amount of substrate, moisture and temperature
(Table A.1). After inoculation with microorganism, the flasks were incubated in BOD according to the

factorial design.
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Table A.1 - Levels of the variables studied in 23 complete factorial designs for production the fibrinolytic

proteases.
Variables Levels
Low (-1) Central (0) High (+1)
Substrate Amount (g) 3 5 7
Temperature (°C) 25 30 35
Moisture (%) 30 40 50

2.6 Enzyme extraction

Extraction of the enzyme was performed after 72 hours of fermentation. Were added 7.5 ml of
sodium phosphate buffer pH 7 (245mM) per 1g of substrate, these flasks were placed in an orbital shaker at
150 rpm for 90 min at room temperature. After this period, the contents were centrifuged at 3500 rpm for

10 min, and the supernatant was used for determination of the biochemical activity.
2.7 Protease activity

The determination of protease activity was done by the method of Ginther (1979). One units of
enzyme activity was defined as the amount of enzyme that produced an increased in the optical density of

0.1 per hour at 440 nm. The experiments were done in duplicate.
2.8 Fibrinolytic activity

The fibrinolytic activity was determined using the spectrophotometric method described by Wang et
al (2011). The supernatant diluted was collected and the absorbance at 275 nm was measured. In this assay,
1 unit (fibrin degradation unit, FU) of enzyme activity is defined as a 0.01 per—minute increase in

absorbance at 275 nm of the reaction mixture.
2.9 Protein determination

The protein determination method was made by Bradford (1976) using Coomassie Brilliant Blue G-
250 and bovine serum albumin as a standard. Each experiment was performed in triplicate and the average

value was then calculated after correction of the corresponding blank.
2.10 Amidolytic activity

Amidolytic activity was measured using the synthetic substrates: (S7388 Sigma) N-Succinyl-Ala-
Ala-Pro-Phe-p-nitroanilide—Chymotripsin substrate, (G8148 Sigma) Gly-Arg-p-nitroanilide-
dihydrochloride-urokinase and plasmin substrate. The determination method was described KIM et al.

(1996).
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2.11. Effect and stability temperature on protease activity

The temperature effect was determined by incubating the crude extract at temperatures ranging
between 10 and 100°C for 60 min. To determine the stability to temperature, aliquots were withdrawn
every 30 min for a period of 3 hours. These aliquots were submitted to the determination of protease

activity.
2.12 Effect of metal ions on protease activity

The crude extract was evaluated in the presence of ions. These ions are described as inhibitors or
activators of protease activity. The effect of ionic solutions was evaluated at a concentration of 2.5mM;
SmM and 10mM. The crude extract was exposed to the following ions: zinc (Zn"), magnesium (Mg"),
copper (Cu"), ferrous (Fe"), calcium (Ca®), magnesium (Mg"), sodium (Na"), potassium (K*), and cobalt

(Co™)-and incubated at 37°C for 60 min. The ions were dissolved in Tris—HCI pH 7.75 with 0.15 M NaCl.
2.13 Effect of inhibitors in protease activity

To evaluate the effect of inhibitors on enzyme activity, the crude extract was exposed to the
following inhibitors: PMSF (fluoride-methylphenylsulfonyl C;H7FO,S), 2-mercaptoethanol (2-hydroxy-1-
ethanethiol-C2HsSO), ethylenediaminetetraacetic acid (EDTA-acetic-C10H16N20sg), Pepstatin A and
Iodoacetic Acid. These inhibitors were incubated for 60 min at 37°C, they were dissolved in according to

the protocol provided by Sigma, and the concentration of the solutions was standardized at SmM.
2.14  Statistical analysis

The effects were evaluated by an analysis of variance with a significance level of 95% to make
estimates of the main and second-order effects a linear, absolute value of the factors in relation to the
response variables studied. Statistical analysis of the experimental design was performed using the software

Statistical 8.0 (Statsoft Inc., Tulsa, OK, USA).
3. RESULTS AND DISCUSSION
3.1 Selection of substrate for production of fibrinolytic protease

The production of fibrinolytic protease by Rhizopus arrizus var. arrizus SIS30 and Mucor
subtillissimus SIS42 was carried out using 7 agroindustrial residues used as substrates, where not showed
growths of the strains when used does: passion fruit peel, citrus pulp and Malpighia emarginata seed. This
phenomenon may be due low rates of protein present in these substrates, which can be seen in the studies
presented by Oliveira et al. (2002), Aguiar et al (2010); Henrique et al. (2003). Already the substrates that
have higher protein content in their constitution as soybeans and wheat bran were those with a higher

protease production from fungi studied, as can be seen in Table A.2. In runs were obtained fibrinolytic
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activity of 47 U/mL using soybeans and 78 U/mL using wheat bran by Mucor subtillissimus SIS42 and the
strain Rhizopus arrhizus var. arrhizus SIS30 was obtained 39 U/mL and 58 U/mL when grown in wheat
bran and soybean respectively.

The maximum protease production was observed with wheat bran used as the substrate. Similar to
studies by Ravikumar et al. (2012) that for to produce protease, using SSF from Pleurotus sajor-caju used
different products agricultural, and showed that of all the substrates tested, wheat bran was the best

substrate for the production of protease obtained 35 U/mL.

Table A.2. Production of fibrinolytic proteases by Rhizopus arrizus var. arrizus SIS30 and Mucor

subtillissimus SIS42 using different substrates in SSF.

Substrates FA (U/mL) U/gdb (FA) PA (U/mL)

Mucor  Rhizopus Mucor  Rhizopus Mucor  Rhizopus

Corncob 10.81 10.47 162.15 157.05 9.87 11.76
Cassava peel 18.24 16.42 273.60 246.3 16.10 14.54
Soybean 47.00 39.03 705.01 585.06 27.06 23.87
Wheat Bran 78.00 58.05 1170.05 870.07 38.08 30.77

FA - Fibrinolytic Activity; U/gdb - Unit gram of the dry basis; PA — Protease activity

3.2 Production of fibrinolytic protease by SSF

Considering the results presented for production fibrinolytic protease using wheat bran as substrate
from M. subtillissimus SIS42 were performed factorial designs 2° according to the variables shown in Table
A.1 using wheat bran as substrate. One of the advantages of using wheat bran as the substrate, for SSF is
that these grains are rich in nutrients such as proteins, lipids, vitamins and functional compounds, and are
not used as food, due the unavailability biological and organoleptic unpleasant (Silveira and Furlong.,
2007).

Besides, wheat bran serves as sources of nutrients necessary for microorganism growth, and also
provides compounds, which can induce the production of determined biomolecules (Haltrich et al., 1996
Certik; Adamechiva, 2009). Studies by Alves (2002, 2005) shown protease production by genus Mucor,
where the first work was about the production of proteases by 12 species studied, and the largest producer
was Mucor racemosus Fres. f. chibinensis. In the second study, of 56 isolates of Mucor starting from dung
of herbivores, 82% showed production of enzymes with protease activity. Sathya (2009) also obtained
extracellular protease produced by Mucor circinelloides using agroindustrial residues through SSF.

Determination of activity protease and fibrinolytic activity from M. subtillissimus SIS42 was

performed with 72, 96 and 120 hours of fermentation. The highest values of enzyme production occurred
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with 72 hours of fermentation using wheat bran as substrate. Soares et al. (2013) using wheat bran as
substrate for protease production by the nematophagous fungus Monacrosporium sinense (SF53) by solid-
state fermentation, obtained values of activity of 38.0 U/mL at 211 hours of incubation time. These results
were presented below in this work, but, obtained with less fermentation time (72 hours) and the protease
activity of 48.33 U/mL.

Table A.3 shows the values of the protease activity and fibrinolytic activity using factorial design,
the best conditions for the production of the enzyme was 3g substrate amount, 50% moisture and
temperature of 25°C. Some authors have reported that enzyme production by Mucor spp. in SSF using
wheat bran mixture was optimal cultivation at 30°C (Yegin et al., 2011; Tubesha; Al-Delaimy, 2003).
Studies by Agrawal et al. (2004) shows that most fungi have an optimum temperature of protease
production by SSF between 28°C to 30°C, unlike the optimal conditions obtained by our studies that show

a better enzyme production at temperature of 25°C.

Table A.3. Production of fibrinolytic proteases by Mucor subtillissimus SIS42 using 2* factorial design.

Variables Wheat Bran
Runs  Substrate Moisture = Temperature PA U/gds FA (U/mL) U/gds
amount (g) (%) (°C) (U/mL)
1 3 30 25 36.20 440.74 106.66 799.95
2 7 30 25 27.23 316.62 84.16 631.20
3 3 50 25 48.33 801.93 144.58 1084.35
4 7 50 25 47.90 644.97 84.58 634.35
5 3 30 35 26.26 223.29 38.33 287.47
6 7 30 35 23.36 218.72 75.83 568.72
7 3 50 35 45.83 668.72 90.83 681.22
8 7 50 35 38.66 569.64 32.08 240.60
9C 5 40 30 35.56 456.67 79.16 593.70
10C 5 40 30 36.20 465.69 80.41 603.07
11C 5 40 30 22.43 253.73 80.00 600.00
12C 5 40 30 29.16 367.56 80.83 606.22

U/gdb - Unit gram of the dry basis; PA —Protease activity; FA — Fibrinolytic activity; C — Central Points

The statistical analysis showed that all variables were significant (Fig. A.1). However, the variable
temperature was more statically significant showing a negative effect. The decrease of the temperature
indicated the greater of the enzyme production by microorganism. The temperature is essential in regulate

and in the enzyme synthesis (Calik et al. 2001; Ito et al., 2011; Bhunia et al., 2012).
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(3)Temperature : -90.77

12 | -66.37

(1) Substrate amount -51.48

1%3 | 30.39

1*2*3 -29.15

(2) Moisture 23.37

23 | g -14.68

p=0.05
Standardized Effect Estimate (Absolute Value)

Fig.A.1. Pareto chart of variables effects in fibrinolytic activity (U/mL). PA — Protease activity

However, the moisture demonstrated a positive effect (Fig. A.1). The high level moisture tends to
increased enzyme production, may be due a rise the substrate porosity, consequently a better oxygen
transfer favoring the development of microorganism (Delabona et al., 2013). In this work, the moisture
presented (50%) was found in accordance with that reported by Chutmanop et al. (2008) that used to
produce proteases by Aspergillus oryzae (Ozykat-1) using wheat bran and rice bran as substrate.
Thanapimmetha et al. (2011) also showed similar results, the data indicated that the optimum moisture
content for the protease production in SSF in this study was at 45% in optimization of protease production

in solid-state fermentation using Jatropha curcas as residue.

3.3 Amidolytic activity

The crude extract produced by M. subtilissimus exhibited highest activity against N-succinyl-Ala-
Ala-Pro-Phe-pNa, a substrate for chymotrypsin, suggesting that it is a chymotrypsin-like protease.
Sugimato et al. (2007) using specie of Fusarium sp. BLB to produce a protease with fibrinolytic activity
was also characterized as serine protease. Similar results were presented by Cordiceps militaris (Choi et al.,

2011), Perennipiria fraxinea (KIM et al., 2008) and Armillaria mella (LEE et al., 2005).
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3.4 Effect and stability to temperature on activity protease

The temperature is one of the most critical parameters that have to be controlled in bioprocess
(Sathya et al., 2009). As shown in Fig. A.2 M. subtillissimus SIS42 exhibited an optimum temperature of
the enzyme protease at 45°C. Proteases from fungi show similar results for optimum temperature such as
45°C for Colletotrichum gloeosporioides (Dunaevsky et al., 2007), Rhizopus chinenesis 12 (Kirk et al.
2001), Schizophyllum commune (Lu et al. 2010a) and Myceliophthora sp. (Zanphorlin et al., 2011), 50°C
for Trichoderma reesei QM9414 (Dienes et al., 2007) and Fusarium culmorum (Pekkarinen et al., 2002).

o0

PA (U/mL)

10 20 30 40 50 &0 70 20 o0 100 110
Temperature (°C)

Fig. A.2. Optimum temperature of protease produced by Mucor subtillissimus SIS42.
PA — Protease activity

The protease from M. subtillissimus SIS42 M. retained 75.52% its original activity after submit to
45°C for 120 min (Fig.A.3), it was more stable than the enzyme reported by Zanphorlin et al. (2010) where
this enzyme in SSF maintained 95% of the maximum activity at 60°C. No activity protease was detected

after heating the enzyme at 100°C for 15 min.
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Fig. A.3. Stability of protease by Mucor subtillissimus SIS42 at 45°C after 120 min.

3.5 Effect of metal ions on protease activity

It was found that the addition of ions K, Mn?", Ca?', increased protease activity at all
concentrations used, while the reduction was observed when Zn?*,Co?" were added at concentrations of 5
mM and 10 mM already the addition of Cu?" ions had reduced enzyme activity (Table A.4). Similar results
were obtained by Ravikumar et al. (2012), where the protease from Pleurotus sajor-caju enhanced the
enzyme activity with addition the Ca®*.

The protease isolated from Ulocladium botrytis by solid-state fermentation from Heba et al. (2012)
were inhibited in the presence of Zn* or Cu?* and increased significantly in the presence of Ca?*Mg?*, and
K*. This increase of protease activity by metallic ions was due the binding link between enzyme and
substrate, combining with both and so holding the substrate in the active site of the enzyme. Also can be
due to changes in electrostatic, bonding that would change the structure of enzymes (Roy et al. 1990; Heba
et al., 2012).
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Table A.4. Effect of metal ions on protease activity

Ions Residual activity (%)
25mM  5mM 10 mM

Control 100.0 100.0 100.0
K* 130.0 133.9 106.7
Ca* 123.1 124.8 116.1
Mn* 109.3 104.3 110.4
Zn* 108.4 98.7 85.8
Mg* 103.8 102.9 96.5
Cot 101.1 91.9 84.5
Cu” 85.7 78.2 64.5
Fe" 101.3 80.7 107.1
Na* 89.8 94.4 115.7

3.6 Effect of inhibitors in protease activity

The enzyme activity was significantly inhibited by PMSF (81%) and not by any other inhibitor
(Table A.5). These results demonstrated that is a serine protease. Corroborating the results presented, by
Germano et al. (2003) that using Penicillium sp. for protease production by SSF had 93% of the protease
activity inhibited by PMSF. Zanphorlin et al. (2011) also obtained through of SSF by thermophilic fungus
Myceliophthora sp an inhibited of protease by PMSF (100%) indicating that is it a serine-protease.

Table A.5. Effect of inhibitors on protease activity.

Inhibitors Control Residual activity (%)
Control 100.0
EDTA 90.9
B-Mercaptoethanol 93.4
PMSF 18.4
Pepstatin A 98.9

Iodoacetic Acid 97.6
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4. CONCLUSION

In conclusion, a new protease was produced by Mucor subtillissimus SIS42 using wheat bran as
substrate in SSF. Inhibition studies and high specificity to chromogenic substrate clearly indicate that is a
chymotrypsin-like serine protease. The enzyme exhibited stability over a wide range of temperature.

Further studies will be made to the purification of the enzyme.
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ABSTRACT

A fibrinolytic protease was produced by Mucor subtillissimus SIS42 in solid-state fermentation. The
partitioning in aqueous two-phase systems was composed of polyethylene glycol (PEG) and sodium
sulfate. The influence of PEG molar mass, PEG concentration, sulfate concentration, on partition
coefficient, yield and purification were investigated. A central composite rotary design was applied to
optimize the purification. The best purification conditions (PF=10) and yields (102%) were achieved using
an ATPS composed by 30.00% (w/w) PEG 6000 g/mol, 13.20% (w/w) Na>SOs. SDS-PAGE and fibrin
zymography showed the molecular mass of the purified enzyme (94kDa). Among the synthetic substrates,
the most sensitive was N-succinyl-Ala-Ala-Pro-Phe-qNA, and PMSF almost completely inhibited the
purified enzyme activity. These results indicated that the purified fibrinolytic protease was a chymotrypsin-

like serine protease.

Key words: Mucor subtillissimus, fibrinolytic protease, ATPS.
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1. INTRODUCTION

The Mucor subtilissimus is a Zygomycota dimorphic, which can switch between yeast and
filamentous growth modes depending on environmental stimuli received [1]. This fungus belongs to the
order Mucorales further comprising genus, Rhizopus Mucor, Rhizomucor, Cunninghamella and Absidia
known in the literature to demonstrate a potential for producing of protease milk clotting and the
production of lipases, amylases and extracellular proteases [2].

Protease constitutes a large and complex group of enzyme, which plays an important nutritional and
regulatory role in nature [3]. Those enzymes are considered chemically bio- supporting products, being the
most important group industrial enzyme with a great variety of industrial and biotechnological applications
accounting for about 60% of the total enzyme market in the world and 40% of the total worldwide enzyme
sale [3, 4, 5]. Among these enzymes stand out fibrinolytic protease by being able to degrade fibrin, the
major protein component of blood clots, the accumulation of this protein leads to thrombosis responsible
for cardiovascular disease including myocardial infarction [6]. In recent years, several studies have been
made to search for new sources of thrombolytic agents such as bacteria, algae, plants, worms, snake
venom, insects, and fungi [6, 7, 8, 9, 10]. Filamentous fungi have been shown to be a good choice for the
production of fibrinolytic enzymes because they are good producers and their enzymes are easily extracted,
since most of them are produced extracellular [11].

Partitioning in aqueous two-phase system (ATPS) is a good method, which has proved to be a
valuable tool for separating and purifying mixtures of biomolecules [12, 13, 14, 15] since many traditional
methods generate chemical pollutants impairing the environment and are so difficult large-scale
production. Therefore traditional techniques as chromatography and ammonium sulfate precipitation are
slowly being replaced by cheaper methods of purification and a lower cost of production and operation.
The ATPS have been shown to be a promising alternative to pre purifications, especially proteases [6, 12,
16, 17].

Aiming to improve the conditions of purification of these enzymes reducing costs and considerable
amount of work and time some methods have been used, as the response surface methodology (RSM). This
is a collection of mathematical and statistical techniques that are useful for modeling and analysis in
applications where a response of interest (or output) is influenced by several factors. The objective of RSM
is to optimize this response [18,19,20] which includes experimental design, model fitting, validation and
optimization condition involving a minimum number of experiments for a large number of factors in
improving in production or purification enzyme [8,21].

The objective of this study was to examine the optimal operation conditions of the purification
process in order to maximize the purification of fibrinolytic protease from Mucor subtilissimus SIS 42 by

ATPS by response surface methodology (RSM).
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2. MATERIAL AND METHODS
2.1 Microorganisms

The filamentous fungi Mucor subtillissimus SIS42 isolated from soil Caatinga, PE-Brazil was used

in this study.
2.2 Medium for maintaining and sporulation

This strain was sporulated, maintained periodically on Czapek medium for 7 days. The sterilization
of the medium was performed by autoclaving at 121°C, 1 atm pressure for 20 minutes. The strain was

incubated in BOD (Body Oxygen Demand) at 30°C for 7 days.
2.3 Preparation of inoculum

The spores were collected by nutrient solution comprised of 0.5% (w/v) Yeast extract, 1% (w/v)
Glucose, 0.01% Tween 80 (w/v); diluted in sodium phosphate buffer 245mM and pH 7.0 previously
sterilized, the spores were counted in Neubauer chamber to a final concentration of 107 spores/mL.
Erlenmeyer flasks 125mL were inoculated with fungal spores into the autoclaves substrates for producing

of enzymes.
2.4 Production of fibrinolytic proteases by solid-state fermentation (SSF)

The spore solution of Mucor subtillissimus SIS42 was inoculated, in Erlenmeyer flasks 125 mL

containing 3g of wheat bran as substrates, moisture (50%) and incubated in BOD at 25°C for 72 hours.
2.5 Enzyme extraction

The extraction of the enzyme was performed after 72 hours of fermentation, were added 7.5 ml of
sodium phosphate buffer pH 7 (245mM) per 1g of substrate, these flasks were placed in an orbital shaker at
150 rpm for 90 min at room temperature. After this period, the contents were centrifuged at 3500 rpm for

10 min, and the supernatant was used for determination of the biochemical activity.
2.6 Fibrinolytic activity

The fibrinolytic activity was determined using the spectrophotometric method described by Wang
(2011) [23]. Briefly, 0.4 mL of 0.72% fibrinogen was placed in a test tube with 0.1 mL of 245mM
phosphate buffer pH 7 and incubated at 37°C for 10 min, 0.1 mL of diluted enzyme solution was added,
and incubation continued at 37°C. This solution was again mixed after 20 and 40 min. At 60 min, 0.7 mL
of 0.2M trichloroacetic acid was added, and mixed. The reaction mixture was centrifuged at 15,000 xg for
10 min. Then, 1 mL of the supernatant was collected and the absorbance at 275 nm was measured. In this

assay, 1 unit (fibrin degradation unit, FU) of enzyme activity is defined as a 0.01 per minute increase in
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absorbance at 275 nm of the reaction solution. Each experiment was performed in triplicate and the average

value was then calculated after correction of the corresponding blank.
2.7 Protein determination

The protein determination method was performed by Bradford (1976) [24], using Coomassie
Brilliant Blue G-250 and Bovine Serum Albumin. Each experiment was performed in triplicate and the

average value was then calculated after correction of the corresponding blank.
2.8 Binodal curve

The PEG concentrated solution (400, 4000 and 8000g/mol) was 30% (w/v) and it was prepared by
dissolving PEG in distilled water. The sodium sulfate (Na>xSO4) solution was 30% (w/v) and it was
prepared by dissolving the salt in distilled water. The concentrations of binodal curves were determined by

mixing appropriate volumes of sodium sulfate with PEG using the titration method described by Albertsson

[25].
2.9 Preparation of the aqueous two-phase systems (ATPS)

Aqueous two-phase systems (ATPS) were prepared in 15 mL graduated tubes with different
concentrations of sulfate sodium salts mixture solutions and 50% (w/w) PEG solutions at 25°C+2 according
to statistical design described in Table 1. The amount of 2g crude extract and water was added to a final
amount of 10g with pH 6.5 at 37°C. After addition of all components of the system and vortex shaking for
1.0 min, the two-phases were separated by settling for 60 min. Then, the top and bottom phases were
measured and analyzed separately. The both phases were assayed for protein and fibrinolytic activity

determinations.

Table 1. Experimental design 23 for fibrinolytic protease purification using PEG/Sodium sulfate (ATPS).

Variables Levels
Low (-1) Central (0) High (+1)
MpkG (g/mol) 4000 6000 8000
Crec (% w/w) 18 24 30
Cnaxsos (Yo W/w) 15 20 25

Mprec — PEG molar mass; Creg— PEG concentration; C na:sos — Sulfate sodium concentration
2.10 Factorial design

The influence of the variables PEG molar mass (Mpeg), PEG concentration (Cpgg), and sodium
sulfate concentration (Cnasos) On the response variables, partition coefficient (K), yield (Y) and purification

factor (PF) were analyzed according to factorial design 23, with four replications at the central points




59
(Table 1) to allow estimation of pure experimental error [26]. The values selected for these variables were
chosen according to the binodal curves (Figure 1).

2.11 Determination of partition coefficient and yield in ATPS

The activity partition coefficient of fibrinolytic proteases is calculated as the ratio of the fibrinolytic
activity in the top phase to that of the bottom phase Eq. (1). Where, FA is the fibrinolytic activity (U/mL).

The subscripts “t” and “b” represent the top and bottom phases, respectively.

K. =
FA4,

The activity yield (Yra) was determined as the ratio of total activity in the top phase or bottom
phase to that in initial fibrinolytic proteases solution and expressed as percentage Eq.(2). Where FA; or
FAu, are the fibrinolytic activity in the top phase and bottom phase, respectively and FA; initial fibrinolytic
proteases solution.

FA .
Y, = —’V’ x 100
FAV

The purification factor (PF) was calculated as the ratio of the specific activity (U/mg) in the top
phase (SA) and bottom phase (SAyp) to the specific activity (U/mg) of the initial crude extract (SA;) Eq. (3).

S4,
SA,

PF =

2.12 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out using a
12% polyacrylamide running gel according to the method of Laemmli [27]. The molecular mass was
calibrated using a molecular mass marker (Low-Range Rainbow Molecular Weight Markers - GE

Healthcare) as a standard. Protein bands were detected by staining with Coomassie brilliant blue R-250.

2.13 Fibrin zymography

Fibrinolytic activity was analyzed using a fibrin zymography gel. Fibrin zymography was carried
out as described by Kim et al. [28]. Fibrinogen and thrombin were mixed with 12% polyacrylamide gel
solution, and the mixture was electrophoresis on a fibrin gel. The molecular mass was calibrated with a

molecular mass marker as a standard. After electrophoresis, the gel was washed with 2.5% Triton X-100
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for 1 h, rinsed three times with distilled water, and incubated in reaction buffer (0.1 M glycine, pH 8.4) at
37°C for 18 h. The staining and distaining procedures were similar to those of SDS-PAGE.

2.14 Effect of inhibitors in protease activity

To evaluate the effect of inhibitors on enzyme activity, the purified enzyme was exposed to the
following inhibitors: PMSF (fluoride-methylphenylsulfonyl C;H7FO,S), 2-mercaptoethanol (2-hydroxy-1-
ethanethiol-C2HeSO), ethylenediaminetetraacetic acid (EDTA-acetic-C1oH1sN20g), Pepstatin A and
Iodoacetic Acid. The inhibitors were incubated for 60 min at 37°C, they were dissolved in according to the

protocol provided by Sigma, and the concentration of the solutions was standardized at SmM.
2.15 Amidolytic activity

Amidolytic activity was measured using the synthetic substrates: (S7388 Sigma) N-Succinyl-Ala-
Ala-Pro-Phe-p-nitroanilide—Chymotripsin substrate, (G8148 Sigma) Gly-Arg-p-nitroanilide-
dihydrochloride-urokinase and plasmin substrate. The determination method was descrited KIM et al.

(1996) [29].

2.16 Response surface methodology

To establish the optimum conditions for purification of fibrinolytic protease in ATPS, response
surface methodology (RSM) was used. A two-factor central composite design was applied. The variables
chosen were concentration levels of PEG 6000 g/mol and the concentration of Na;SO4. The design was
centered on the variable values where the highest purification factor of fibrinolytic activity was previously
achieved based on design factorial 23 ATPS. The values were coded according to the chosen design . The
coded values for the independent variables were -1.4142 (lowest level), -1, 0, +1, and +1.4142 (highest
level) (Table 2).

The complete design consisted of 12 experimental points which included four replications at the
central point. The 12 samples were prepared in random order. In each experiment, the following parameters
were calculated: fibrinolytic activity in PEG phase (FA/mL), fibrinolytic activity in NaxSO4 phase
(FA/mL), partition coefficient, activity yield (top and bottom phase) and purification factor (top and bottom
phase).

2.17  Statistical analysis

The effects were evaluated by an variance analysis with a significance level of 95% to make
estimates of the main and second-order effects a linear, absolute value of the factors in relation to the
response variables studied. Statistical analysis of the experimental design was performed using the software

Statistical 8.0 [22].
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Table 2. Response surface design used for optimizing the purification of fibrinolytic protease in PEG

6000/Sodium sulfate two-phase system.

Variables Range and levels
-1.4142 -1 0 +1 +1.4142
Creae000(% W/w) 15.60 18.00 24.00 30.00 32.40
Cnazs04 (Yo W/w) 9.36 10.00 11.6 13.20 13.84

Crec — PEG concentration; C na:sos — Sulfate sodium concentration.

3 RESULTS AND DISCUSSION

3.1 Binodal curve (PEG/Sodium sulfate)

For purification using ATPS, binodal curves were constructed to obtain the minimum concentration
of polymer and salt needed to form an ATPS, where were established using the methodology proposed by
Albertsson [16].

The binodal curve of PEG 4000, 6000 and 8000 - sodium sulfate is shown in Figure 1, where the
top phase contained 46.5% (w/w) PEG 4000 (g/mol) and the bottom phase of the system contained 10.3%

(w/w) of sodium sulfate.

iy
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0 2 4 6 3 10 12
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Figure 1. Binodal curve for the system PEG/Sodium sulfate pH 6.5 with water in different PEG molar mass

and temperature at 27°C + 2°C.

3.2 ATPS in the partition coefficient fibrinolytic protease.

The experimental results for the partition coefficient (K) the fibrinolytic protease in APTS using

PEG/Na;SOy4 are presented in Table 3. The most runs of the factorial design occurred enzyme partitioning
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to the bottom phase (Kra ranged 0.26 to 0.86). This partition of fibrinolytic protease was preferentially to
the bottom phase (salt-rich phase) according to the studies Sales et al. [31] that evaluated the partition of
fibrinolytic proteases by the integrated process of production and purification from Bacillus sp. UFPEDA
485 and in all assays, the enzyme preferentially partitioned to the bottom phase.

The maximum values of the partition coefficient (Kra) were 2.32 and 2.25 observed in runs 7 and 8§,
respectively. This increase in the partition coefficient the fibrinolytic protease indicates that these runs
migrated to the top phase, which was more hydrophobic due to the predominance of PEG, causing a
decreased affinity of the enzyme for salt phase [12, 30]. Such phenomenon may be explained by the effect
of salting out, where in the biomolecules was directed to another stage in consequence of the large amount
of salt in the bottom phase [6, 30].

The parameter Cpeg was the most contributed for the partition of the enzyme. A positive effect of
CrpeG, Cnazso4 and lower for Mpeg was observed in Figure 1. Medeiros e Silva et al. [6] also evaluated the
partition of fibrinolytic proteases from Streptomyces sp. DPUA1576 using PEG—phosphate salts in ATPS
displayed positive (Cpeg) and negative (Mpgrg) effects, indicating that the increase on Cpeg and a decrease

on MpkG causes an improvement on enzyme partition to top PEG rich phase.

Table 3. Results of full factorial design (2%) the fibrinolytic protease partition.

Runs  Mpec  Crec C Na2s0s FA! FA® Kra  Yra' Yra®  PFt PP
(g/mol) (% wiw) (% wiw) (U/mL) (U/mL)
1 4000 18 10 11.66 44.16 0.26 18.96 73.31 1.05 0.89
2 8000 18 10 24.16 47.08 0.51 35.10 81.41 1.59 0.96
3 4000 30 10 19.16 9.58 2.00 40.43 9.61 1.03  0.81
4 8000 30 10 12.08 1583 0.76  25.07 1642 0.58 1.39
5 4000 18 13.2 20.83 28.75 0.72  28.81 49.71 1.74  0.68
6 8000 18 13.2 14.58 37.50 0.38  20.17 64.84 0.73 1.16
7 4000 30 13.2 17.50 15.0 232 169.13 3497 350 2.03
8 8000 30 13.2 11.25 5.0 225  22.56 5.18 0.68 0.63
9(C) 6000 24 11.6 23.75 57.08 0.81 128.71 13036 2.55 3.21
10(C) 6000 24 11.6 20.83 5291 0.83 121.30 12450 2.61 3.68
11(C) 6000 24 11.6 20.41 57.08 0.59 70.20 106.51 1.59 3.29
12(C) 6000 24 11.6 22.08 55.00 0.56 78.86 115.62 2.05 4.51

Mpeg — PEG molar mass; Cpeg — PEG concentration; Cnasos — Sulfate sodium concentration; Kga -
Partition coefficient of fibrinolytic proteases; Yra' - Activity yield in the top phase; Yra® - Activity
yield in the bottom phase; PF' - Purification factor in the top phase; PF® - Purification factor in the
bottom phase; FA! - Fibrinolytic activity in the top phase; FAP - Fibrinolytic activity in the bottom
phase; (C) - Central points.
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Figure 2. Effects of independent variables on the partition coefficient (K) of the fibrinolytic protease.

This work, corroborates with observed by [6], which polymers using higher PEG molar mass
(8000g/mol) for a partition in ATPS fibrinolytic protease creates a repulsive effect on fibrinolytic protease

partition, leading to a decrease in the coefficient partition.
3.3 Effect of variables using ATPS in yield and purification factor of fibrinolytic protease

The results of activity yield demonstrate that the Cprg negative effect was the most significant. The
interaction between Cpec and Cna2sos was positive, which indicates that simultaneous decreases in both
variables led to improved protease yield. The highest recovery value Yra® (106.51 at 130.36%) in bottom
phase (central points) was obtained with Mpeg 6000 (g/mol), Cpeg 24.00% (w/w) and Cnazsos4 11.60%
(w/w). This high recovery, more than 100% in the bottom phase are associated, with removal of
contaminants and inhibitors during the purification system, which enhances the enzymatic activity [33, 34].

The purification factor in the bottom phase had values of purification PF® (3.21 at 4.51) occurred
also in central points; these values are in agreement studied of [35] that obtained values between 0.5 and4.0
of purification factor by fibrinolytic protease from Auricularia polytricha and using ATPS (PEG/potassium

phosphate).
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Figure 3. Effects of variables on activity yield of the fibrinolytic protease in bottom phase.

3.4 SDS-PAGE and fibrin zymography

SDS-PAGE and fibrin zymography were employed to verify the enzyme purity (Fig 5). The
molecular mass of the fibrinolytic enzyme from Mucor subtilissimus SIS 42 was found to be 94 kDa, using
bottom phase (central points) in ATPS. The molecular mass of the purified enzyme was according with the
value of Novel fibrinolytic enzyme (66-97kDa) from culture supernatant of Schizophyllum commune BL23
[35] and fibrinolytic enzyme (80-173kDa) produced by Bionectria sp. isolated from Las Yungas rainforest
[36].

Although these values confirmed by SDS-PAGE are larger than the majority of known fibrinolytic
enzymes, have reported a fibrinolytic enzyme by fungus of molecular mass ranging of 27kDa to 32 kDa
from Fusarium sp. BLB [37], Rhizopus chinensis 12 [38], Pleurotus ostreutus [39], Schizophy!lum

commune [40].
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Figure 4. (A) Molecular mass determination of fibrinolytic enzyme using SDS-PAGE (10%) and fibrin
zymography. Lane 1 is the protein molecular mass marker; Lane 2, crude extract; Lane 3, crude extract
precipitated; Lane 4, fibrin zymography of crude extract. (B) Purity of fibrinolytic enzyme as determined
by PAGE (12%). Lane 1 is crude extract; Lane 2 is purified sample from bottom phase of aqueous two-

phase system.

3.5 Amidolytic activity and effect of inhibitors in protease activity

The amidolytic activity of fibrinolytic protease was investigated. The most sensitive substrate for
purification enzyme was N-succinyl-Ala-Ala-Pro-Phe-pNa, a substrate for chymotrypsin, suggesting that it
was a chymotrypsin-like protease. So, fibrinolytic protease was considered as an enzyme, similar to other
fibrinolytic enzymes produced from Bacillus subtilis-fermented [41].

The effect of various inhibitors on protease activity was summarized in Table 4. The fibrinolytic
protease was completely inhibited by PMSF, which is a well-known inhibitor of serine protease. These
results corroborate with [42] that produced fibrinolytic enzyme by Bacillus amyloliquefaciens DC-4 the

type of serine protease.

Table 4. Effect of inhibitors on protease activity.

Inhibitors Control Residual activity (%)
Control 100.0
EDTA 100.0
-Mercaptoethanol 97.7
PMSF 0.0
Pepstatin A 91.3

Iodoacetic Acid 100.0
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3.16 Response surface methodology
According to the analysis of variance, f-value for the overall regression model was significant at 5%
level and the lack of fit is insignificant indicating that the first-order model with interaction is very

adequate in approximating the response surface of the experimental design (Table 5). The coefficient of

determination (R?) was 0.8584.

Table 5. Analysis of variance for the experimental results of the central composite design.

Factor SS DF MS F P
Crea (L) 30.3801 1 30.3801 47.7621 0.0062
Crec (Q) 7.5192 1 7.5192 11.8214 0.0412
Sulf Nna (L) 9.4769 1 9.4769 14.8991 0.0307
Sulf na (Q) 2.8499 1 2.8499 4.4805 0.1245
Crec (L) by Sulf na (L) 15.3275 1 15.3275 24.0972 0.0161
Lack of fit 9.2865 3 3.0955 4.8666 0.1131
Pure error 1.9082 3 0.6360
Total SS 79.1095 11

In Table 6 was showed estimated effects for partition coefficient of fibrinolytic protease (Kra),yield
of enzyme in bottom-phase (Yra®) and purification factor in bottom phase (PF®) on fibrinolytic protease
purification process using central composite design. The fibrinolytic activity obtained during purification in
NazSO4 phase varied between 34.58 and 94.16 (U/mL), accordingly three-dimensional graphs were
generated for the pair-wise combination of the two factors (Figure 3) about partition coefficient (Kra) of
the enzyme. The variables Cpeg and Na>SO4 concentration contribute for partition of fibrinolytic protease.
Only the variable Sulf Na (Q) was not significant in the enzyme partition.

In this work, the activity maximum of fibrinolytic protease was estimated to 94.16 U/mL in bottom
phase. The Cprc and NaSOs concentration levels, does not contribute to increasing fibrinolytic activity.
Diverging from those presented by Ashipala et al [7], that used central composite rotable design (CCRD) to
determine the best conditions for the production and purification of fibrinolytic enzyme, by Bacillus
subtilis DC-2 in ATPS (PEG 4000/Na;SO4) and clearly showed that the fibrinolytic activity is dependent

mainly on PEG 4000 concentration, Na;SO4 concentration and pH.
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Figure 5. Three-dimensional contour plots showing interactive effects of Cpeg and Na>SO4 concentration in

partition coefficient of the fibrinolytic protease.

It can be observed in Table 7, the variables: Cpeg (Q), Sulfna (L) Cpeg (L) and the interations
between Cpeg (L) and Sulfna (L) were statistically significant at 95% confident level and with positive
effect on purification factor in bottom phase. The Cpeg (30.00%), Cnazsos (13.20%) were most promising,
for the higher purification factor in bottom phase PF®=10 and 102% of yield (Table 6). This value of
purification was higher the obtained by factorial design, conducted at the beginning of this work (PF=3.21
at 4.51) and higher that the results obtained by Medeiros et al. [6] where purified fibrinolytic protease
produced Streptomyces sp. DPUA1576 using PEG-phosphate aqueous two-phase systems (PF=1.51). Using
ATPS Pericin et al. [43] purified protease—aspergillopepsin I in PEG/NaH2PO4 and obtained PF=5.76.
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Table 6. Central composite design matrix with measured and responses of fibrinolytic activity.

Runs  Cpig (%)  Cnawso:(%)  FAP (U/mL) Kra YA PF®
1 18.00 10.00 94.16 0.049 177.18 2.04
2 18.00 13.20 71.66 0.436 137.84 2.28
3 30.00 10.00 93.33 0.442 78.05 1.94
4 30.00 13.20 76.25 0.246 102.02 10.01
5 15.60 11.60 84.16 0.129 175.96 2.16
6 32.40 11.60 51.66 0.452 47.53 7.79
7 24.00 9.36 57.50 0.370 74.53 1.34
8 24.00 13.84 34.58 0.795 56.40 1.61
9 24.00 11.60 90.00 0.403 143.00 3.83
10 24.00 11.60 89.58 0.465 127.36 3.60
11 24.00 11.60 87.91 0.546 99.33 2.06
12 24.00 11.60 88.33 0.388 117.91 3.43

Creg — PEG concentration; Cna2sos — Sulfate sodium concentration; Kra - Partition coefficient of
fibrinolytic proteases; Yra® - Activity yield in the bottom phase; PF® - Purification factor in the bottom

phase; FAP - Fibrinolytic activity in the bottom phase.

Table 7. Estimated effects for partition coefficient (Kra), yield (Yra®) and purification factor (PF®) on

fibrinolytic protease purification process using central composite design.

Variables Kra YeaP PF®

Crec (Q) -4.08 0.51%* 3.43

Cric (L)by Sulfxa(L)  -4.06  1.73*  4.90
Sulf xa (L) 390 0.79% 385

Crec (L) 3.24 -6.13 6.91
Sulf na (Q) 1.06%  2.69% 211

*Significant effects p< 0.05

4 CONCLUSION

The purification conditions of fibrinolytic protease production by Mucor subtlillissimus SIS42 in
ATPS were optimized using central composite rotary design. In this study, the experimental results clearly
showed high purification of the enzyme in the bottom-phase rich in sodium sulfate. This enzyme was

characterized as chymotrypsin-like protease. This work demonstrating the potential application of ATPS
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processes for the recovery of fibrinolytic protease, as a first step in the development of a biotechnological

process with commercial application.
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CONCLUSAO

Uma nova protease fibrinolitica foi produzida pelo fungo filamentoso Mucor subtillissimus S1S42,
com todas as condi¢des de producdo otimizadas, utilizando farelo de trigo como substrato através de
fermentagdo em estado solido. Utilizando um central composto para a purificacdo da protease fibrinolitica
por sistema de duas fases aquosas PEG/Sulfato de sddio, obteve a otimizagdo das condi¢des de purificagdo
da enzima. Sendo esta, caracterizada como uma serino protease semelhante a quimiotripsina. Desta forma,
este trabalho demonstra um potencial para a producdo e purificacdo de enzimas fibrinoliticas por via
fermentativa com um maior rendimento e pureza. Espera-se que com os resultados obtidos, possa em
etapas futuras permitir a purificacdo por métodos cromatograficos e a realizacdo de testes in vifro para

aplicag@o dessas enzimas na terapia trombolitica.
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done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic humerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the article. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x

13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.
Try not to over-use abbreviations.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
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individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Nomenclature and Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Authors and Editor(s) are, by general agreement, obliged to accept the rules governing biological
nomenclature, as laid down in the International Code of Botanical Nomenclature, the International
Code of Nomenclature of Bacteria, and the International Code of Zoological Nomenclature.
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All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their scientific names
when the English term is first used, with the exception of common domestic animals.

All biocides and other organic compounds must be identified by their Geneva names when first used
in the text. Active ingredients of all formulations should be likewise identified.

For chemical nomenclature, the conventions of the International Union of Pure and Applied
Chemistry and the official recommendations of the IUPAC-IUB Combined Commission on Biochemical
Nomenclature should be followed.

Math formulae

Present simple formulae in the line of normal text where possible. In principle, variables are to be
presented in italics.

Number consecutively any equations that have to be displayed separate from the text (if referred
to explicitly in the text).

Subscripts and superscripts should be clear.

Greek letters and other non-Roman or handwritten symbols should be explained in the margin where
they are first used. Take special care to show clearly the difference between zero (0) and the letter
O, and between one (1) and the letter I.

Give the meaning of all symbols immediately after the equation in which they are first used. For
simple fractions use the solidus (/) instead of a horizontal line.

Equations should be numbered serially at the right-hand side in parentheses. In general only equations
explicitly referred to in the text need be numbered.

The use of fractional powers instead of root signs is recommended. Also powers of e are often more
conveniently denoted by exp.

Levels of statistical significance which can be mentioned without further explanation are: *P <0.05,
**pP <0.01 and ***P <0.001.

In chemical formulae, valence of ions should be given as, e.g., Ca2+, not as Ca++. Isotope numbers
should precede the symbols, e.g., 180.

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.
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Electronic artwork
General points

e Make sure you use uniform lettering and sizing of your original artwork.
e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

 Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the printed version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
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TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of

500 dpi.
Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or

'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.
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Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.
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Reference management software

This  journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication.

Examples:
Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr.,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S,,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.
Journal abbreviations source

Journal names should be abbreviated according to the

List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php.
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Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.




96

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
¢ E-mail address

¢ Full postal address

e Phone numbers

All necessary files have been uploaded, and contain:

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes)
Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

e References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

¢ Permission has been obtained for use of copyrighted material from other sources (including the Web)
¢ Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print

¢ If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.
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AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Corresponding authors will receive an e-mail with a link to our ProofCentral system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your correction ns, eliminating the potential

introduction of errors.
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If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately - please upload
all of your corrections within 48 hours. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-
mail (the PDF file is a watermarked version of the published article and includes a cover sheet
with the journal cover image and a disclaimer outlining the terms and conditions of use). For
an extra charge, paper offprints can be ordered via the offprint order form which is sent once
the article is accepted for publication. Both corresponding and co-authors may order offprints
at any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier WebShop's

'Create Your Own Book' service to collate multiple articles within a single cover

(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.
You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs at http://www.elsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.

© Copyright 2012 Elsevier | http://www.elsevier.com




99

A

| SEPARATION AND PURIFICATION
1 TECHNOLOGY

Separation
ElPurification

_ Technology

TABLE OF CONTENTS

° Description p-1
° Audience p.1
° Impact Factor p-1
° Abstracting and Indexing p.1
° Editorial Board p.2
° Guide for Authors p.3
DESCRIPTION

Separation and Purification Technology is a publication dedicated to the dissemination of separation
research results and findings. Its coverage extends to all aspects of separation and purification of
homogeneous solutions and heterogeneous mixtures. Separation and Purification Technology
welcomes, from investigators worldwide, contributions focused on the experimental studies and
theoretical analyses of phenomena associated with and arising from separation and purification as well
as process development and simulation, equipment design and fabrication and materials preparation
and modification used in separation operations. Of particular interest are articles aimed at solving
separation problems encountered in the emerging technologies including biotechnology, green
technology, energy storage and conversion, and resource recovery and recycling. Authors
who wish to contribute a review paper should send an abstract to one of the Editors prior to submission
of the full paper.

Benefits to authors

We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services.
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Please see our Guide for Authors for information on article submission. If you require any further
information or help, please visit our support pages: http://support.elsevier.com

AUDIENCE

Membrane Technologists, Chemical Engineers and Separation Scientists.

IMPACT FACTOR

2012: 2.894 © Thomson Reuters Journal Citation Reports 2013

ABSTRACTING AND INDEXING

Scopus
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GUIDE FOR AUTHORS

Your Paper Your Way

ypyw-gfa-banner.gifyour paper your way

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.
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This journal offers authors a choice in publishing their research: Open Access and Subscription.

For Subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For Open Access articles
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Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement). Permitted
reuse of open access articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see
http://www.elsevier.com/journal-authors/author-rights-and-responsibilities.

Open access articles please see http://www.elsevier.com/OAauthoragreement.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open Access

¢ Articles are freely available to both subscribers and the wider public with permitted reuse
¢ An Open Access publication fee is payable by authors or their research funder
Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our access programs (http://www.elsevier.com/access)

e No Open Access publication fee

All articles published Open Access will be immediately and permanently free for everyone to read
and download. Permitted reuse is defined by your choice of one of the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an article
(such as a translation), to include in a collective work (such as an anthology), to text or data mine
the article, even for commercial purposes, as long as they credit the author(s), do not represent the
author as endorsing their adaptation of the article, and do not modify the article in such a way as
to damage the author's honor or reputation.
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Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts and
other revised versions, adaptations or derivative works of or from an article (such as a translation),
to include in a collective work (such as an anthology), to text and data mine the article, as long as
they credit the author(s), do not represent the author as endorsing their adaptation of the article, do
not modify the article in such a way as to damage the author's honor or reputation, and license their
new adaptations or creations under identical terms (CC BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective work
(such as an anthology), as long as they credit the author(s) and provided they do not alter or modify
the article.

To provide Open Access, this journal has a publication fee which needs to be met by the authors or
their research funders for each article published Open Access.

Your publication choice will have no effect on the peer review process or acceptance of submitted
articles.
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The publication fee for this journal is $2500, excluding taxes. Learn more about Elsevier's pricing
policy: http://www.elsevier.com/openaccesspricing.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission to this journal proceeds totally online. Use the following guidelines to prepare your
article. Via the homepage of this journal (http://ees.elsevier.com/seppur/) you will be guided stepwise
through the creation and uploading of the various files. The system automatically converts source files
to a single Adobe Acrobat PDF version of the article, which is used in the peer-review process. Please
note that even though manuscript source files are converted to PDF at submission for the review
process, these source files are needed for further processing after acceptance. All correspondence,
including notification of the Editor's decision and requests for revision, takes place by e-mail and via
the author's homepage, removing the need for a hard-copy paper trail.

Authors are required to suggest the names of at least 3 international reviewers (complete
with e-mail addresses, fax and telephone numbers) in their cover letter. All contributions
will be rigorously reviewed to ensure both scientific quality and technical relevance. Revisions of
manuscripts may thus be required.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.
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There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.
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Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results

and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.
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e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was
done) below the names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic humerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
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A Graphical abstract is optional and should summarize the contents of the article in a concise, pictorial
form designed to capture the attention of a wide readership online. Authors must provide images
that clearly represent the work described in the article. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x

13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey
the core findings of the article and should be submitted in a separate file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85
characters, including spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Immediately after the abstract, provide a maximum of 5 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other quantities are mentioned, give their equivalent in SI. You are urged to consult the International
Union of Pure and Applied Chemistry (IUPAC) http://www.iupac.org/ for further information.

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
wordprocessors build footnotes into the text, and this feature may be used. Should this not be the
case, indicate the position of footnotes in the text and present the footnotes themselves separately
at the end of the article. Do not include footnotes in the Reference list.

Table footnotes
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Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork
General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
e« Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats
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Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:
¢ Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in
color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further information on the
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Text graphics
Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX

and have such features embedded in the text, these can be left. See further under Electronic artwork.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or

'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.
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Reference management software

This  journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:
Reference to a journal publication:
[1]J. van der Geer, J.A.]J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.

163 (2010) 51-59.
Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to the

List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 50 MB. Video and animation files supplied will be published online in the electronic version
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of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.
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Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

MATLAB FIG files (optional): You can enrich your online articles by providing supplementary MATLAB
figure files with the .FIG file extension. These files will be visualized using an interactive viewer that
allows readers to explore your figures within the article. The FIG files can be uploaded in our online
submission system, and will be made available to download from your online article on ScienceDirect.
For more information, please see http://www.elsevier.com/matlab.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address

¢ Full postal address

¢ Telephone

All necessary files have been uploaded, and contain:

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes)
Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

¢ All references mentioned in the Reference list are cited in the text, and vice versa

¢ Permission has been obtained for use of copyrighted material from other sources (including the Web)
¢ Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print

o If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.
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AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Corresponding authors will receive an e-mail with a link to our ProofCentral system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
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We will do everything possible to get your article published quickly and accurately - please
upload all of your corrections within 48 hours. It is important to ensure that all corrections
are sent back to us in one communication. Please check carefully before replying, as
inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility. Note that Elsevier may proceed with the publication of your article if no
response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article
via e- mail (the PDF file is a watermarked version of the published article and includes
a cover sheet with the journal cover image and a disclaimer outlining the terms and
conditions of use). For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both
corresponding and co-authors may order offprints at any time via Elsevier's WebShop
(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed
copies of multiple articles may use Elsevier WebShop's

'Create  Your Own Book' service to collate multiple articles within a single
cover

(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/bo
oklets).
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ANEXOS OPCIONAIS
RESULTADOS COMPLEMENTARES

Tabela A. Efeito de surfactantes na atividade proteasica utilizando farelo de trigo como substrato na

FES por Mucor subtillissimus SIS42.

Surfactantes Atividade residual (%)
0.5% 1.0% 1.5% 2.0%
Controle 100% 100% 100% 100%
SDS 48,17 35,98 46,51 52,32

Tween 20 84,49 52,32 84,49 84,41
Tween 80 89,30 86,23 81,92 83,93

Figura A. Efeitos simultaneos da umidade e da quantidade de residuo sobre a atividade fibrinolitica,
da protease produzida por Mucor subtillissimus SIS42 na fermentacdo em estado soélido utilizando

farelo de trigo como substrato.
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Tabela B. Efeito de inibidores na atividade protedsica apds a purificagdo por SDFA utilizando

PEG/Sulfato de Sodio e farelo de trigo como substrato.

Inibidores Atividade residual (%)
Controle 100.00
EDTA 100.00
B-Mercaptoetanol 97.70
PMSF 0.00
Pepstatina A 91.34
Acido Todoacético 100.00

Tabela C. Efeito de ions metalicos na atividade protedsica apos a purificagdo por SDFA utilizando
PEG/Sulfato de Sédio.

Tons Residual activity (%)

25mM  5mM 10 mM

Control 100% 100% 100%
K* 93,86 93,86 100,00
Ca* 119,09 107,50 102,27
Mn* 109,31 107,50 100,90
Zn* 89,77 76,36 30,00
Mg* 102,50 92,73 110,91
Cot 65,68 72,50 61,59
Cu* 66,13 57,95 54,09
Fe* 75,68 65,59 52,95

Na* 91,59 92,67 98,40
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Figura B. Efeito da temperatura na atividade proteasica da enzima purificada por SDFA utilizando

PEG/Sulfato de Sodio apo6s 30 min.
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Tabela B. Producdo de protease com atividade fibrinolitica produzida por Mucor subtillissimus

SIS42 usando grio de soja como substrato através de um planejamento fatorial 2.

Ensaios  Quantidade de Umidade (%)  Temperatura (°C) Atividade Atividade
substrato (g) Proteasica Fibrinolitica

(U/mL) (U/mL)

1 3 30 25 55,33 140,00

2 7 30 25 41,26 97,91

3 3 50 25 49,46 119,16

4 7 50 25 48,06 76,25

5 3 30 35 16,86 52,91

6 7 30 35 30,40 62,91

7 3 50 35 45,40 106,60

8 7 50 35 35,66 74,58

9 5 40 30 18,60 50,83

10 5 40 30 14,13 50,41

11 5 40 30 19,60 50,83

12 5 40 30 19,66 54,58
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Figura C. Efeitos das variaveis no planejamento fatorial 2° para a produgdo da protease fibrinolitica

produzida pelo Mucor subtillissimus SIS42 por FES utilizando grdo de soja como substrato.

Pareto Chart of Standardized Effects; Variable: AF soja
2**(3-0) design; MS Pure Error=3,822225
DV: AF soja

(3)Temperatura | -24,6522

2by3 | 19,50551

(1)Quantidade de residuo -19,3536

1by3 | 11,38937

1by2 | 7,74723

123 | 7,45065

(2)Umidade | . 4,134025

p=,05
Standardized Effect Estimate (Absolute Value)

Tabela C. Teste de toxicidade do extrato bruto produzido por Mucor subtillissimus SIS42 por FES

utilizando farelo de trigo como substrato, frente a Artemia salina.

Concentragdo Tempo
24 horas 48 horas
Vivos (%) Mortos (%) Vivos (%) Mortos (%)
Controle (0%) 100,00 0,00 100,00 0,00
100% 50,00 50,00 0,00 100,00
50% 63,33 36,66 23,33 76,66
25% 80,00 20,00 40,00 60,00
12,5% 93,33 6,66 43,33 56,66
6,25% 93,33 6,66 83,33 16,66
3,12% 90,00 10,00 73,33 26,66

1,57% 100 0 100,00 0,00
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Figura D. Efeitos simultdneos da umidade e da temperatura, sobre a atividade fibrinolitica da

protease produzida por Mucor subtillissimus SIS42, na fermentacdo em estado so6lido utilizando
grao de soja como substrato.
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RESUMOS PUBLICADOS EM CONGRESSOS

‘ S B Bq Xl Reunido Regional Nordeste da SBBq

4t International Svmposium in Biochemistrv of Macromolecules and Biotechnologv

Production of fibrinolytic protease by fungal strains for Solid-state Fermentation
using agricultural products

Nascimento, T. P.4; Sales, A. E.%; Porto, C.S.}; Campos-Takaki, G.M.2

Porto, T.S*3;Porto, A.L.F*

1 DMFA, UFRPE, PE, Brazil, 2NPCIAMB, UNICAP, PE, Brazil, * UAG,UFRPE, PE, Brazil. *CCB, UFPE, PE, Brazil.

Utilization of agricultural by-products as low-cost substrates for microbial enzyme
production resulted in an economical and promising process. Solid-state fermentation
offers several advantages for enzyme production by fungal strains. Fibrinolytic enzymes
are important in treatment of cardiovascular diseases. Intravascular thrombosis due to
fibrin aggregation in arteries is one of the main causes of cardiovascular disease in
humans. The purpose of this work is a comparative study of two fungal species according
to their fibrinolytic protease production in solid-state fermentation (SSF) using different
agro- industrial substrates. The fungal strains Mucor subtilissimus SIS42 and Rhizopus
arrhizus var. arrhizus S1S30 was isolated by soil of the Caatinga, Pernambuco-Brazil. The
fibrinolytic enzyme activities were performed using Fibrinolytic spectrophotometric assay
using fibrin as substrate. The substrates used were the agro-industrial products: wheat
bran, soybean, corncorb and cassava peel. However growth was observed only in cultures
of wheat bran and soybean. The fibrinolytic activity was 201.17 U/g using soybean and
218.61 U/g using wheat bran by Mucor subtilissimus SIS42. While for the strain Rhizopus
arrhizus var. arrhizus SIS30 was obtained 188.54 U/g and 170, 46 U/g, when fermented in
wheat bran and soybean respectively. Further optimization experiments using Mucor
subtilissimus S1S42 strain for the production of fibrinolytic protease may provide
auspicious results in the future.

Word Keys: SSF, Fibrinolytic protease, fungal
Supported by: CAPES e CNPq.
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FIBRINOLYTIC ENZYME PRODUCED BY FILAMENTOUS FUNGI
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Fibrinolytic proteases are enzymes that degrade fibrin, the main component of blood clots. The
accumulation of this protein leads to thrombosis responsible for cardiovascular disease including
myocardial infarction. A promising alternative to thrombolytic therapy has been the production of
these enzymes by microorganisms which promotes low cost, high efficiency and capacity for large
scale production. Among the microorganism, filamentous fungi has been gaining attention because
they are capable of producing extracellular proteases and a source bit being exploited for the
production of fibrinolytic enzymes. This study aimed to select species of filamentous fungi isolated
from soil of Caatinga - Pernambuco - Brazil and assess their potential for production of protease
fibrinolyticusing the medium for the fermentation of soy because it is a medium rich in proteins and
low cost. Was used the medium 2% soybean. The fibrinolytic activity was performed by the
spectrophotometric method and by degradation of the blood clot. Among the 36 isolates studied,
58% showed fibrinolytic activity above 100 U/mL. The microorganism with the higher activity in
terms of enzyme production was Mucor subtilissimus SIS 42 who presented with 96 hours of
fermentation fibrinolytic activity of 415 U/mL. Initially, the amount of protein present in the
fermentation broth was 0.498 mg/ml and after 72 hours of fermentation 0.026 mg/mL showing the
degradation of the protein exists in the production of proteases by the microorganism. At that time
crude extract had a capacity of enzymatic degradation of the equine blood clots in 16.7%. The
results are very attractive and are in agreement with the literature, these fungi are also little studied
in the production of fibrinolytic proteases and are promising potential in the treatment of
cardiovascular diseases.

Key-words: Mucor subtilissimus, fibrinolytic protease, thrombosis.
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PRODUCTION FIBRINOLYTIC PROTEASE BY SOLID-STATE FERMENTATION
USING A FACTORIAL DESIGN

T. P. Nascimento', A. E. Sales?, C. S. Porto?, G. M. Campos-Takaki®, T. S. Porto*and A. L. F.
Porto?

! Federal University of Pernambuco- UFPE
? Federal Rural University of Pernambuco-UFRPE
3 Catholic University of Pernambuco-UNICAP.
* Academic Unit of Garanhuns — UAG/UFRPE

According to the World Health Organization (WHO) 17.3 million people die each year of
cardiovascular disease victims. Various thrombolytic agents have been used in the therapeutic
treatment of thrombosis, but due to their high cost and hemorrhagic side effects, have been sought
new sources. This study describes the production of protease fibrinolyticby Mucor subtillissimus
SIS 42 using solid-state fermentation through design factorial using soybean as substrate. The
conditions for producing protease fibrinolyticwere used a full factorial design (23) to determine the
influence of the parameters: substrate amount (3, 5 and 7g), moisture (30, 40 and 50%) and
temperature (25, 30 and 35°C). Extraction of the enzyme was performed using of sodium phosphate
buffer 245mM (pH 7). The fibrinolytic activity was determined using the spectrophotometric
method being performed with 72, 96 and 120 hours of fermentation. In run 1 which used 3g of
soybean as the substrate, 30% humidity underwent a temperature of 25°C proved to have the best
conditions for the production of fibrinolytic protease by the microorganism where the test with
these conditions obtained an activity of 140.0 U/mL, 1878.35 U/gbs after 72 hours of fermentation.
All variables and the relationships between them were significant, the temperature and amount of
these substrates had a negative effect, as well as the relationship between them. However moisture
demonstrated a positive effect, namely the greater the amount of moisture tends to use higher
enzyme production possibly due to a rise of the porosity of the substrate having as a consequence a
better transfer of oxygen thereby favoring the development of microorganism. The literature show
that most fungi have an optimum temperature of protease production by SSF between 28°C to

30°C, which differs from that shown in this study, where the M. subtillissimus SIS42 has its best
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production of enzymes at 25 °C for both the factorial design using soybean as the substrate. During
this study, the fibrinolytic enzyme showed a high stability showed that the choice of buffer for
enzyme extraction was essential for SSF, where one can recover the maximum enzyme produced by
the microorganism and in some cases even enhances the ability of the specific activity of proteases.
Studies de optimization the enzyme produced by Mucor subtillissimus SIS42 for application in

process sanguine coagulation may provide promising results in the future.




