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RESUMO

Na maioria das matérias-primas de origem vegetdizagdas na
alimentacao animal, parte do fésforo mineral egtdaaenada na forma de acido
fitico ou fitato. O fitato € a principal forma destecagem de fésforo dos
vegetais, porém nao é prontamente assimilado maemfacdo em baixas
concentracdes da enzima fitase. Além de tornaistoifd indisponivel, o fitato
liga-se a cétions bivalentes, como o calcio, colmagnésio, ferro, manganés e
zinco impedindo a absorcéo desses nutrientes estimb do animal. A enzima
promove hidrélise da molécula do fitato liberandsféro, aumentando, assim,
sua biodisponibilidade para alimentagdo animaladgitesta distribuida nos
tecidos animais e vegetais, além de ser sintetipmlaalgumas espécies de
fungos e bactérias. A adicdo desta enzima na deeanimais é essencial para
promover uma maior absorcdo de fésforo e tambérmiboim para a diminuicao
nos niveis de fosforo excretado pelos animais, rdimdo, assim, a poluicédo
provocada pelo excesso de fésforo no meio ambi&ste. trabalho teve como
objetivo selecionar dentre 100 fungos isolados d@wemas brasileiras
pertencentes aos génersspergillus Penicillium e Cladosporiume 13 fungos
endofiticos isolados da parte aérea do café, upéciesque se destaque na
producdo da enzima fitase, avaliar fatores que rpodéluenciar na producao
desta enzima e caracteriza-la parcialmente. Pasalegdo, os fungos foram
cultivados em meio contendo acido fitico como Urfmate de fésforo. Apds
sete dias a 25°C em meio contendo acido fitico commca fonte de fésforo, foi
avaliado o crescimento e producdo da enzima petgepca de halo de
degradacao (IE) do acido fitico ao redor das canQuarenta e sete fungos
produziram fitase e os fung®enicillium minioluteun{CF279) eMuscodorsp.
(UBSX) apresentaram maiores halos de degradacadl 2% 4,46,
respectivamente. A otimizacado das condi¢cdes devoude Muscodorsp. foram:
pH 5,0, agitacdo de 125 rpm e temperatura de 38°@roducdo maxima de
fitase deu-se no periodo de 144h (26,51 U/mg).sEssultados permitiram um
rendimento de 7,5% na produtividade da enzima fipacdo parcial). Este é o
primeiro trabalho que relata a producdo da enziitesef por um fungo
endofitico,Muscodorsp.

Palavras-chave: Bioprospeccéao. Fitase. Fungo aimdofPurificacédo da enzima.



ABSTRACT

In most of the raw materials of plant origin usechhimal feed, part of
the mineral phosphorus is stored as phytic acighgtate. Phytate is the main
storage form of phosphorus in vegetables but iseeudily assimilated into food
at low concentrations of the enzyme phytase. Besidaking the phosphorous
unavailable phytate binds divalent cations suchadsium, copper, magnesium,
iron, manganese and zinc preventing the absorpfidtinese nutrients in the gut
of the animal. The enzyme promotes the hydrolyithe phytate phosphorus
releasing molecule, thereby increasing its bioawdity in feed. Phytase is
distributed in plant and animal tissues, and istssized by some species of
bacteria and fungi. The addition of this enzyméhim diet of animals is essential
to promote greater uptake of phosphorus and alstribote to a decrease in the
levels of phosphorus excreted by animals, thusadiagiuthe pollution caused by
excess phosphorus in the environment. This worledito select a fungubat
stands out in the production of phytase among &0lates from Brazilian caves
belonging to the generAspergillus Penicillium and Cladosporiumand 13
endophytic fungi of the aerial part of the coffdarp and to assess factors that
may influence the production of this enzyme andialfy characterize it. For
selection, the fungi were cultured in medium caritaj phytic acid as a sole
source of phosphorus. After seven days at 25°C edinm containing phytic
acid as a sole source of phosphorus we evaluaedytbwth and enzyme
production by the presence of the phytic acid kigligradation (Enzymatic Index
- El) surrounding the colonies. 47 produced plgitasd fungudenicillium
minioluteum (CF279) andMuscodorsp. (UBSX) showed higher degradation
halos, 2.41 and 4.46, respectively. The optimipataf growth conditions
Muscodorsp. were: pH 5.0, agitation 125 rpm and 30°C. Ame maximum
production of phytase occurred in the period of H426.51 U/mg). These
results allowed a vyield of 7.5 % in productivity tfie enzyme (partial
purification). This is the first study that repotte production of phytase by an
endophytic fungudyluscodorsp.

Keywords: Bioprospecting. Phytase. Endophytic fumgRurification of the
enzyme.
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1 INTRODUCAO

Fitases (myo-inositol hexaphosphate phosphohydepeS 3.1.3.8 e EC
3.1.3.26) sdo enzimas pertencentes a classe datfes que hidrolisam acido
fitico a fosfatos de mio-inositol e fosfatos inangés, através de uma série de
intermediarios de mio-inositol fosfato, eliminandassim, caracteristicas
antinutricionais do &cido fitico. Podem ser prodasi por microrganismos,
plantas e alguns animais. As fitases tém aplicapd&snciais em industrias de
alimentos e racdo e também reduzem os efeitosuttitionais do acido fitico.
Nos ultimos anos, as fitases tém atraido considb@tencao dos cientistas e
empreendedores nas areas de nutricdo, protecdo @lo ambiente e
biotecnologia. A venda anual de fitase nos EUAténasla em US$ 150 milhdes
gue é um ter¢o de todo o mercado de enzima.

O acido fitico ou fitato (myo-inositol hexakisphbspe) € a principal
fonte de fésforo na alimentacdo dos animais, poréio € prontamente
assimilado por estes. Além de tornar o fésforospdinivel, o fitato liga-se aos
cétions bivalentes (CaCuw*, Mg*, F&*, Mn** e Zrf"), impedindo a absorcéo
desses nutrientes no intestino dos animais.

Apesar de estudos terem sido realizados visandorodugéo e
caracterizacdo das fitases de alguns microrganjsmiosmacdes a respeito da
sua regulacdo, capacidade catalitica, especifiejdatinizacdo da sua producédo
e purificacdo ainda precisam ser esclarecidas adimeduzir custos e viabilizar
0 uso desta enzima em escala industrial. Fitasdenposer produzidas por
muitas espécies de bactérias, fungos e leveduraarala, por plantas e alguns
animais e é capaz de eliminar as propriedadesuaintionais do fitato. Estas
sdo produzidas em escala comercial utilizando-se ndmero limitado de
organismos. Muitos experimentos ja foram conduzitlomnte os Ultimos anos

para demonstrar os efeitos da fitase microbianatiizacdo de fésforo por
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frangos. Com isso, a utilizacdo de fungos filamswgona producéo de fitases
aplicadas em diversos processos biotecholégicoscvescendo cada vez mais.
Assim, o trabalho proposto teve como objetivo sefer um fungo que
se destacasse na producéo de fitase, avaliardajaeeinfluenciam na producéao
desta enzima e caracteriza-la parcialmente. Senidolado melhor produtor,
pertencente a classe dos fungos endofiticos, allralé considerado pioneiro no

relato de producao de fitase por esses fungos.
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2 REFERENCIAL TEORICO

2.1 Acido Fitico

O é&cido fitico (myo-inositol hexakisphosphate)nté&m chamado de
fitato (Figura 1), € um composto organico de ocuri& natural que pode ser
encontrado em muitos grdos de cereais, sementegiraeas, legumes e
plantas, possuindo 60-90% de fésforo total dessgstais, sendo, assim, sua
maior fonte de armazenamento (Tabela 1) (ZUO gR@l0). O fitato pode ser
classificado também como mio-inositol 1, 2, 3, 46%li-hidrogenofosfato de
hexaquis (IUPAC-IUB). Este é constituido por seispgamentos fosfato ligados
a uma molécula de seis atomos de carbonos, cupamadecular é de 660 kDa
(SEBASTIAN; TOUCHBURN; CHAVES, 1998).

Aminoacido
P Fosfato (PO,)

Ca Calcio

yi Fitase

Figura 1 Estrutura do acido fitico. Representagdccamplexo formado com
proteina, aminoacido e calcio.
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Tabela 1 Porcentagem de acido fitico presente energes, gréos, legumes e

frutas
Sementes / Graos / Legumes / Frutas % acido fiti¢p/p)
Gergelim 4,71
Abdbora 4,08
Canola 2,50
Tomate 1,66
Soja 1,55
Feijao 1,41
Cevada 1,02
Trigo 1,02
Aveld 1,02

Devido a presenca dos grupamentos fosfato, o fitgicesenta a
capacidade de se complexar com proteinas e cdiivatentes. A interacao
entre acido fitico, minerais e proteinas pareceasesusa primaria dos efeitos
antinutricionais da dieta rica em fitato. O aciftcd possui a capacidade de se
ligar a proteinas, tanto em pH acido quanto aloatinneutro, promovendo o
decréscimo da solubilidade destas e eventualmeredugdo de sua utilizacdo
(CHERYAN, 1980). Ocorre acumulo do fitato em seraend grdos durante o
amadurecimento, juntamente com substancias de enaemento tais como
amido e lipideos. Em alguns cereais e leguminosesdo fitico se acumula nas
particulas de aleurona e cristais de formato glmb@spectivamente (REDDY;
SATHE; SALUNKHE, 1982; TYAGI; TYAGI; VERMA, 1998)Essa forma de
fosforo ndo é assimilada por animais monogastricdsyido a baixa
concentracdo ou auséncia da enzima fitase no destvointestinal. Por passar
intacto pelo aparelho digestivo desses animais haneaessidade de
suplementagéo de fosforo na ragdo. O alto conteédacido fitico nas fezes
causa eutrofizacdo do ambiente, devido a altadiéer de fésforo organico no
solo ou agua seguida pela degradacdo por micremasi que ali estdo
presentes (GARGOVA; ROSHKOVA; VANCHEVA, 1997).

O farelo de trigo € um dos compostos vegetais rnitais em acido fitico
e foi o substrato utilizado no presente trabalho.
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O trigo é uma graminea de inverno do génfeaiticum sp e o principal
cereal produzido no mundo. Seu beneficiamento galisos subprodutos
como o farelo de trigo. Aproximadamente seis mighde toneladas de trigo séo
produzidas anualmente no Brasil (ABITRIGO, 2014 R010, a producao
mundial de trigo foi de 676 milhdes de toneladascensumo de 642 milhdes de
toneladas de trigo (ABIMA, 2014).

Na obtencéo da farinha de trigo, aproximadamen% &8 grao nao é
aproveitado, originando o subproduto farelo deotrigste farelo é basicamente
composto pelo tegumento que envolve o gréo, remi@separte externa do trigo
correspondente ao pericarpo ou camada de aleysossilindo, ainda, residuos
do endosperma farinaceo (Figura 2). Esse subpraglutomposto por farelo
fino, farelo grosso, remoido claro e remoido escsgado faciimente separados
nas diferentes etapas de processamento do graentdato, ao término do
beneficiamento todos os compostos fardo parte nipasicdo do farelo de trigo
(Tabela 2) (SALMON, 2011).

. Pelo
Crista externa

mido do endosparma

Endosparma céulmdeendosperms
1o/ granulesde anmidel

Camada akurona
(Situada enwe o EHUOSFEIMQ e g rgsea)

céluly aleurona

- Paricarpo I
E piderme
Hil [0 M —

Camadd inearmedidriz
céulastubulares

Casca «

Cobertura da ssmanta
Test

camada higling

-

= migrmula
Esculato

Earma K

fambrido} “Fadicula
Cabecada radicula

Figura 2 Esquematizacéo do gréo de trigo
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Tabela 2 Composic¢ao do farelo de trigo

Composicéo do farelo de trigo (Unidade valor por 10 g)

Calorias 216,00
Proteinas (g) 15,55
Lipideos Totais (g) 4,25
Carboidratos (g) 64,51
Fibras Totais (g) 42,80
Calcio (mg) 73,00
Ferro (mg) 10,57
Magnésio (mg) 611,00
Fosforo (mg) 1013,00
Potassio (mg) 1182,00
Saodio (mg) 2,00
Zinco (mg) 7,27
Cobre (mg) 1,00
Manganés (mg) 11,50
Selénio (mQ) 77,60
Vitamina C (mg) 0,00
Tiamina (mg) 0,52
Riboflavina (mg) 0,58
Niacina (mg) 13,58
Vitamina B6 (mg) 1,30
Folato Totais (mcg) 79,00
Vitamina B12 (mcg) 0,00
Vitamina A (1U) 9.00
Retinol (mcg) 0,00
Vitamina E (mg) 1,49
Vitamina K (mg) 1,90
Acidos graxos, totais saturados (g) 0,63
Acidos graxos, totais mono-insaturados (g) 0,64
Acidos graxos, totais poli-insaturados (g) 2,21
Colesterol (mg) 0,00

Fonte: Nutrient Database for Standart USDA (2008)

2.2 Enzima: Fitase (EC 3.1.3.8 e EC 3.1.3.26)

Fitases pertencem a classe das fosfatases e samemue hidrolisam
acido fitico a fosfatos de mio-inositol e fosfainsrganicos, através de uma
série de intermediarios de mio-inositol fosfatojmelando, assim, as
caracteristicas antinutricionais destes (Figura @&AUR; KUNZE;
SATYNARAYANA, 2007). Podem ser produzidas por miganismos, plantas



17

e alguns animais. Bactérias, leveduras e fungaséhtosos tém sido relatados
como produtores de fitases extra e intraceluldresy como na forma ligada a
célula (FU et al., 2008; RAO et al., 2009).

OH OH
O=p-0 oP 50
OH OH
H OH
OH H*6 H3P04
H OH
Fitato Inositol

Figura 3 Reacdo de hidrélise do fitato pela fitase.
Fonte: Enviropig™, 2011 modificado

Existem dois tipos de fitases classificadas pelami€sio de
Nomenclatura da Unido Internacional de Bioquimi&atogia Molecular (NC-
IUBMB), com a Comissao IUPAC-IUBMB e pela Nomenalat Bioquimica
(JCBN). Seria a 3-fitase (EC 3.1.3.8) que hidrgtiseneiro a ligacéo do éster na
posicdo 3 do mio-inositol hexakisphosphate e écpradmente relatada em
microrganismos e a 6-fitase (EC 3.1.3.26), que gironhidrolisa a ligacédo éster
na posi¢cdo 6 do mio-inositol hexakisphosphate elatada principalmente em
plantas. Esta também tem sido encontrada em alfyung®s basidiomicetos
(LASSEN et al., 2001). Fitases também tém sidosiflaadas como HAP
(histidina fosfatase &cida), BPP-{élice fitase), CP (fosfatase cisteina) e PAP
(fosfatase 4&cida puarpura) com base nas suas piedde cataliticas
(MULLANEY; ULLAH, 2003).

A recuperacé@o de enzimas de origem microbiana,talega animal é
uma etapa complexa do processo, pois técnicas rificggfio dependem das

caracteristicas moleculares de cada enzima. Duranterocesso deve-se
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preocupar com a estabilidade da enzima, a efi@é&meipurificacdo, rendimento,
grau de pureza. Porém, existem enzimas industig#s aplicacdo ndo requer
elevado grau de pureza, de modo que operacdes togndiicas nao sdo
necessarias, onde a simples concentracdo do mesufiéiente para a
comercializacdo do produto (MARSHAK et al., 1996).

Fitases tém sido purificadas utilizando métodosa@ommatografias de
troca iGnica seguidas por cromatofocalizagdo (SRIERI., 2011). Também, a
partir de precipitacdo com sulfato de aménio, ctografia por exclusédo
molecular e cromatografia por filtracdo em gel (BRER; SILVA; COURI,
2009). A dialise € uma técnica amplamente empeedadante 0s processos de
separacdo e purificacdo, pois permite a troca depdas na amostra, a
dessalinizagdo do meio contendo a amostra, senpimaedimento utilizado
entre etapas cromatograficas. Consiste em um @ocpe separa moléculas de
acordo com o seu tamanho molecular, através dal&sonembranas contendo
poros de dimensd@es inferiores aos tamanhos dasomalérculas de interesse.
Esses poros permitem que moléculas pequenas, dai® Gais e solvente,
difundam através da membrana, mas impedem a passdge moléculas
maiores. O material mais comumente usado em didlseelulose (SALMON,
2011).

Extragdo liquido-liquido ou sistemas bifasicos sé@efinidos
genericamente como sistemas de duas fases ligindasiveis em que o
solvente principal é a 4gua (ZASLAVSKY, 1995). Eeral, apresentam grande
guantidade de agua em ambas as fases, fazendoumree@m meios muito
pouco agressivos a moléculas como enzimas, porpeeRPodem ser formados
por dois polimeros hidréfilos ou um determinadoipero com determinados
sais. Acima da concentragdo critica destes compesenorre espontaneamente
a separacdo das fases, predominando um ou outqoocemie de cada um das
fases resultantes (TUBIO ; NERLI; PICO, 2004). G¢esnas bifasicos aquosos
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possuem um grande potencial para a purificacdaaleipas, pois possuem uma
separacgdo seletiva, baixa tensdo superficial, progesso de baixo custo, altos
rendimentos e minimizacdo da desnaturacdo de paste{CASCONE;
ANDREWS; ASENJO, 1991).

2.3 Producéo de fitase por microrganismos

Fitases produzidas por microrganismos sdo as péissiapresentando
alto rendimento e sendo empregadas principalmeaténdlstria de racfes
animais (KIM, 2006). A producdo por leveduras jai fdescrita em
Saccharomyces cerevisjae Candida tropicalis Torulopsis candida
Debaryomyces casteliiKluyveromuces fragilise Schwanniomyces castellii
sendo queSchwanniomyces castellidlemonstrou alta producdo de fitase
extracelular (DVORAKOVA; VOLFOVA; KOPECKY, 1998). &mbém podem
ser produzidas por muitas espécies de bactériamgod e sdo capazes de
eliminar as propriedades antinutricionais do fif@@USINS, 1999).

Estudos com fitases produzidas por fungos iniciaeam 1962, mas
somente a partir de 1991 é que a fitasésigergillus nigerfoi comercialmente
produzida (SELLE; RAVINDRAN, 2008). A partir daiutmos fungos foram
relatados como produtores desta enzima. A maiodduziu fitase extracelular
(KEROVUO, 2000).

A producéo de fitases flngicas se mostra mais jematgela facilidade
de extracdo da enzima do ponto de vista indusjéiaue os fungos sintetizam
enzimas extracelulares que séo lancadas em unraobekterno e, portanto,
elimina-se a etapa de rompimento celular de enzinteecelulares (SALMON,
2011). Os fungos podem ser cultivados utilizandereintes métodos de cultivo,
como a fermentacéo em estado sélido (FES) e feag@otsubmersa (LIU et al.,

1998). O cultivo déAspergillus nigerem meio liquido ou sélido, adicionado de
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farelo de trigo mostrou que esse microrganismo ywofltase nas duas
condicbes (PAPAGIANNI; NOKES; FILER,1999). Em escalndustrial
utilizam-se microrganismos para a producdo dasefitaa partir de diferentes
processos fermentativos. Dois tipos basicos dedietagao sao utilizados para a
producdo de enzimas, a fermentacdo submersa (lfBydMH) e a fermentacéo
em estado sdlido (FES). A FS é a técnica utilizamta paises ocidentais para a
producdo de enzimas, devido a facilidade de cresdiondos microrganismos
em condi¢cBes controladas de pH e temperatura, aémtornar facil a
recuperacdo das enzimas extracelulares. Esse gooagiliza um meio
fermentativo liquido, onde as fontes de nutrientiéézadas séo sollveis e o
desenvolvimento do microrganismo se da em presmégua livre. O conteddo
de agua nesse processo é superior a 95%. Comageaatda FS podem ser
consideradas a relativa facilidade de cultivo eande escala, ja que garante a
homogeneidade do meio, e a facilidade no contradepdirametros do processo,
principalmente se monitorados por sensores adequddo entanto, uma
desvantagem dessa técnica é a maior probabilidad®mtaminacédo, devido a
grande quantidade de agua utilizada (ORLANDELLalgt2012).

Microrganismo crescido
asmfrascos sob agitacio

T
L[ Preparc de pré-insculo |

i Preparo e esterilizacdo do Ii & Pré-indculo +
meio de cultivo especifico | meaio de cultivo —
E — E FERMENTACAG

separacio

concentragioc l Processos ajusante

l dafermentacao

purificacac I
[ acabamento I

Processos a montante
da fenmentacao

Figura 4 Fluxograma simplificado da producao demeag microbianas em
escala industrial, utilizando o processo de feragd submersa
Fonte: Adaptado de Sant’Anna Junior
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Fungos produtores de enzimas podem ser isoladatvdesos locais,
incluindo cavernas (De MELO et al., 2013). As ctgesticas peculiares das
cavernas favorecem o desenvolvimento de muitosongianismos. Poucos
estudos sobre a microbiota cavernicola tém siderides e microrganismos
importantes podem ser isolados nesse ambientedéstaca a importancia e a
possibilidade de identificacdo de espécies dedsser biotecnoldgico isoladas
nesses locais.

Outra fonte produtora de enzimas sdo os fungos fitieds. Os
microrganismos endofiticos sdo considerados noeated promissoras de
diversos compostos como antibiéticos, antioxidgnéegitumorais e enzimas
(STROBEL; DAYSI, 2003). O termo endofitico foi pmnamente introduzido
por De Bary (1866) e era aplicado a qualquer mignoismo presente dentro do
tecido das plantas. Hoje, o conceito mais comumestdo para fungos
endofiticos provém de Petrini (1991) onde “fungosddditicos sao
microrganismos que habitam o tecido vegetal duralgiema fase do seu ciclo
de vida, podendo colonizar o tecido interno da tplasem causar doenga ao
hospedeiro”. Na maioria dos casos estudados, gitesaentre endofitico e
plantas tém se mostrado muito benéficas e podean refacionadas a sanidade
vegetal, ja que atuam no controle do crescimento niderorganismos
patogénicos, inibem a herbivoria por insetos, atlamoutras ac¢des que em
conjunto aumentam a capacidade adaptativa da p&REMA; SUDHA,
FRANKEN, 1999; PEIXOTO NETO; AZEVEDO; ARAUJO, 2002)

Os fungos endofiticos tém sidos isolados de difese@spécies vegetais,
desde arvores (ARNOLD; LUTZONI, 2007), palmaceaR@FLICH; KYDE;
PETRINI, 2000), gramineas (MULLER; KRAUSS, 2005) e liquehbdt al.,
2007). A diversidade de espécies isoladas de ummmdsospedeiro varia
significativamente e essa variagdo pode ocorreiddeaos diferentes métodos
de isolamento utilizados em cada estudo (HYDE; SOMG, 2008). Os fungos
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endofiticos habitam folhas, peciolos, estruturgsodutivas, galhos, cascas e
também raizes de plantas (FAETH; FAGAN, 2002). Aomia desses fungos
pertence ao FillAscomycotee seus anamorfos, sendo que em apenas alguns
trabalhos foi demonstrada a presenca de represesitao FiloBasidiomycota
(HYDE; SOYTONG, 2008).

Em geral, eles adentram as plantas por aberturagrais|a como
estdbmatos e hidatodios ou feridas causadas pdpsmg®r estruturas de fungos
patogénicos, como 0s apressoérios ou mecanicasn#lgéo transmitidos via
sementes. Em plantas com propagacéo vegetatiwpatesam de uma para a
outra através das estruturas utilizadas nessa gagpa (AZEVEDO, 1998).
Apos a penetracdo eles se disseminam de mandémisia para diversas partes
da planta, habitando de forma ativa o apoplastegs/aondutores e, em alguns

casos ocorre colonizacao intracel(lAALLMANN et al., 1997).

2.4 AplicacOes da fitase

As enzimas exdgenas sdo utilizadas na alimentagé@eabhvisando a
remocao ou hidrdlise de fatores antinutricionaisnento da digestibilidade dos
nutrientes existentes e suplementacéo de enzintdgemas em animais jovens
(CLASEEN, 1996). Foi avaliado o efeito do uso deimas exdgenas na
alimentacao de frangos de corte, visando melhodgsempenho dos animais.
Os resultados mostraram aumento no ganho de passeenpenho dos animais
avaliados (CLASSEN; CAMPBELL; ROSSNAGEL, 1985; LYGN1996). A
utilizacdo de enzimas exdgenas na alimentacdo ideasnmonogastricos e o
emprego de fitases em ra¢bes tém melhorado a @ligesabsor¢céo destas pelos
animais (ABIOYE; AKINREMI, 2010; BRANDAO; COSTA; BRNDAO,
2007). Esta enzima também tem sido utilizada endytos para consumo
humano (AFINAH; YAZID; ANIS SHOBIRIN, 2010; ROSELLSANTOS;
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PENELLA, 2009). Uma importante fonte de fosforo s#o ingredientes de
origem vegetal, porém a maior parte encontra-sebot@mdo com o inositol,
formando a molécula do acido fitico ou hexafostianositol que formam uma
ampla variedade de sais insol(veis, diminuindojmasa solubilidade e a
digestibilidade dos nutrientes.

Dentre os minerais exigidos pelas aves, o fésforo ealcio sao
considerados os mais importantes, por serem ne@esssdo apenas para 6tima
taxa de crescimento, mas também para a mineratizag8ea. O fésforo
participa nos processos metabdlicos e na absoedutiientes, além de ser o
mineral que mais onera o custo das ra¢des. Enimetmalimentacdo de frangos
de corte baseia-se em alimentos de origem vegeslquais aproximadamente
66% do P (fésforo) estdo na forma de fitato (hesfafm de inositol)
(ROSTAGNO et al., 2000).

Fitases sdo Uteis na alimentacdo humana e animgbreparacéo de
intermediarios de mio-inositol fosfato, no combatgoluicdo de fésforo e na
promogcdo do crescimento da planta (IDRISS et alp220GREINER;
KONIETZNY, 2006 ; RAO et al, 2009). Os suplemen@snentares para
animais séo derivados de fontes vegetais, tais aareais, legumes, soja, etc.
O acido fitico € bem conhecido por se complexar diferentes cations, bem
como com as proteinas (WISE, 1983). Fitase adidmrea dieta, melhora a
biodisponibilidade de cobre e zinco em suinos (ARE@t al., 1995) e aves
(Yl; KORNEGAY; DENBOW, 1996). Fitase microbiana taém melhora a
absorcdo aparente de magnésio, cobre, zinco e @&rosuinos (SELLE;
RAVINDRAN, 2007). Adicdo de fitase aumenta a corragéio de sais minerais
como magnésio, fésforo, célcio, manganés e zincpla®ma, 0sso e em todo o
corpo do animal (VIELMA et al., 2004).

A deficiéncia de fosforo no solo € um dos pringpantraves para a

producao agricola mundial. Grande proporcdo defdsfo solo existe na forma
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organica, da qual o &cido fitico € a forma predamie. Alguns trabalhos
relatam o papel de fitase na promocao do crescaorday plantas e na reducéo
da poluicdo causada pelo excesso de fosforo. Fupgahitores de fitase e
fosfatase foram utilizados como inoculantes de ségsepara ajudar na nutricdo
de plantas em solos contendo alto teor de fésfardonma de acido fitico
(YADAV; TARAFDAR, 2003). A eficiéncia de hidrolisedo fésforo de
diferentes compostos organicos por diferentes feinigoicaram que esses
podem beneficiar a nutricdo de plantasabidopsistransgénica que expressa a
fitase extracelular déMedicago truncatulaapresentou melhor utilizacdo do
fésforo orgénico e crescimento da planta. Usanfitam como Unica fonte de
fésforo o peso seco dAsabidopsistransgénicas foi de 3,1 a 4,0 vezes maior do
que o das plantas controle e contetdo de fésford,tlea 5,5 vezes maior,
sugerindo o grande potencial de expressédo heter@oggene da fitase para
melhorar a absorcdo de fésforo pela planta (XIAGSRRISON; WANG,
2005).

Foram preparados inositol 1,2,3,4,5-pentakisphdsplizositol 2,3,4,5-
tetrakisphosphate, inositol 2,4,5-trifosfato desital e 2,5 bifosfato usando
fitase imobilizada deEscherichia coli (GREINER; KONIETZNY, 1996)
Derivados de fosfato de inositol podem ser usadwsocestabilizadores de
enzimas, substratos de enzimas para a investigaggbolica, como inibidores
potenciais de enzimas e de drogas e como blocosrdgrucdo quiral (SIREN,
1986).

Uma fitase termorresistente foi descrita para tisho o acido fitico
durante o processamento de papel. Esse processogearao subprodutos
cancerigenos e téxicos. Portanto, a utilizacdoitdees no processamento de
papel poderia ser usada no desenvolvimento deltegas mais limpas (LIU et
al., 1998).
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A adicdo de fitase dé. niger em farinhas contendo farelo de trigo
aumenta a absorcdo de ferro em seres humanos (SBRGBHULTHEN,;
TURK, 1996). A suplementacdo de fitase &porotrichum thermophile
melhorou a qualidade do péo e reduziu a concemtragd fitato (SINGH;
SATYANARAYANA, 2012).

Os ruminantes sustentam a microbiota que enziamaéote libera
fésforo inorgénico a partir de acido fitico, noarib, monogastricos como 0s
seres humanos, galinhas e porcos produzem poucaephuma fitase no
intestino. Assim, o fésforo do acido fitico ndoéedtsponivel e o acido fitico é
excretado nas fezes (MULLANEY; DALY; ULLAH, 2000n acido fitico
presente no esterco desses animais € enzimatimmeivado por
microrganismos do solo e da agua. O fdsforo, asisierado, é transportado
para os corpos d'agua causando eutrofizacdo. Bsdta em deplecdo de
oxigénio devido ao crescimento excessivo de algagqré-tratamento de
alimentos para animais com fitases aumenta a disipdade de fésforo
inorganico, melhorando, assim, o estado nutriciated alimentos e também
contribui para diminuir a poluicdo causada pelcesso de fésforo no solo e na
agua (NAHM, 2002). A excrecdo de fésforo pode ssluzida em 30%, via
substituicdo de fosfato na alimentacdo com fitaspel teor de fésforo
digestivel igualmente calculado. A adi¢cdo de fitagealimentacdo de leitdes
resultou em um aumento significativo na taxa desaingento e melhor
conversao alimentar comparado a alimentacao coirericA suplementagéo
de fitase em dietas de milho e farelo de soja melh@ digestibilidade do
fésforo e diminuiu a excrecao de fosforo (HILL; SLON; ROCHERT, 2009).
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2.5 Caracteristicas fisico-quimicas das fitases

Parametros como temperatura, pH, consumo de oxigfarimacédo de
diéxido de carbono, microrganismo escolhido, naredo substrato e
disponibilidade de nutrientes devem ser controladosnsiderados durante todo
0 processo de fermentacdo. Foi estudada a prodig;&itase deSporotrichum
thermophileem fermentagcdo submersa e foram otimizados os p&@ngque
afetam o processo. Com o auxilio de ferramentasistitas, este estudo teve a
finalidade de aumentar a sintese da enzima, oesglinnento e diminuir custos
do processo. O resultado foi de 3,73 vezes o aumemtproducdo de fitase,
utilizando meio com 3% de farelo de trigo ao indgésfitato de sédio como
substrato (SINGH; SATYANARAYANA, 2009).

Fitases com temperaturas étimas mais altas séd§adeisena industria
de alimentos para animais, porque a peletizacdagio envolve um passo de
80 a 85°C durante alguns segundos (WISS et al9)1%®tases déspergillus
fumigatus (PASAMONTES et al., 1997) éspergillus nigerNRRL 3135
(HOWSON; DAVIS, 1983) exibiram uma atividade 6timma37°C e a 55°C,
respectivamente. Algumas fitases microbianas musatividade 6tima em pH
acido (SINGH; SATYANARAYANA, 2009;. RAO et al, 2009 Fitases de
origem flngica exibem atividade 6tima na faixa ¢ 45 a 5,5 (GREAVES;
ANDERSON; AND WEBLEY, 1967). A massa molecular dessnzima varia
de 40 a 700 kDa. A maioria das fitases caractesizaddo proteinas
monomeéricas (SINGH; KAUR; SATYANARAYANA, 2006). Aithse de
Aspergillus fumigatuspresentou massa molecular de 60 kDa (PASAMONTES
et al., 1997). Ja a fitase dspergillus nigeffoi homopentamérica, com 353 kDa
(monbémeros com 66 kDa) (VATS; BANERJEE, 2004).

Foi isoladoAspergillussp., de amostras de raizes de leguminosas e a

atividade de fitase foi observada até o quartadiaultivo. A temperatura 6tima
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de crescimento foi de 30 e de producdo 35. O pH étimo encontrado foi
préximo ao neutro (KIM et al., 1999).

Sete isolados de fungos filamentosos, pertenceates géneros,
Aspergillus Cladosporium e Trichoderma foram testados para avaliar a
expressao induzivel de fitase, por meio de otindiaapreferencial em
fermentacdo em estado solido - FES. Diferenteadss| mostraram preferéncia
ao substrato sélido de farelo de trigo, lentilhegia, milho e bagaco de cana
para a producdo maxima de fitase. Entre os fungstdos foi observada a
producdo maxima de fitase efn flavus(80 U/g de substrato sélido) usando o
farelo de trigo como substrato sélido, a pH 6, deple 7 dias do periodo de
fermentacdo a 30°C. Foi estabelecido que substsatm®os com conteldos alto
de fitato e baixo de fosfato inorganico (Pi) sdbsstatos de escolha para a
producao de fitase por FES (GULL et al., 2013).
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1 INTRODUCTION

The phytic acid or phytate (myo - inositol hexakispphate) is the
major source of phosphorus in animal feed, bu adt readily assimilated by
them. Besides making the phosphorous unavailabj¢agh binds to divalent
cations (C4 CU', Mg®, F&¢', Mn®" and Zii"), preventing the absorption of
these nutrients in the gut of animals.

In animal feed industries, the feed is usually $eqmented with
inorganic phosphate in order to meet the phosplsonaed for proper growth
and development of animals. However, antinutriticefiects of phytate remains
unaffected (SANDBERG; ANDLID, 2002). Excretion dafidigestible phytate
having large amount of phosphorous in manure lgadsedistribution of
phosphorrous in soil (TURNER; LEYTEM, 2004). It mbach in waterways
and execute eutrophication that generates watditygissues. Hence, elevated
phosphorous levels in water and soil also creatgeral environmental
problems. To avoid the phytate related issuesgeti@meed to introduce the
methods for degradation of phytate. The physical ehemical methods are
expensive and reduce the nutritional value of fegevell. Therefore, enzymatic
degradation of phytate appears to be of great @ste(SINGH; KAUR;
SATYANARAYANA, 2006).

Phytases (myo-inositol hexaphosphate phosphohyrplBC 3.1.3.8
and EC 3.1.3.26) are enzymes belonging to the adhisghosphatases that
hydrolyze phytic acid to myo-inositol phosphatesd @norganic phosphate
through a series of myo-inositol phosphate inteiated, eliminating anti-
nutritional characteristics of phytic acid. Phyaéave potential applications in
the food and feed industries, and they also lefiserantinutritional effects of
phytic acid. In recent years, phytases have atidactnsiderable attention from

scientists and entrepreneurs in the areas of iontrienvironmental protection
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and biotechnology. The annual sales of phytasnénU.S.A. is estimated at
$150 million which is one third of the entire ena/market (SINGH; KAUR;
SATYANARAYANA, 2006).

Phytase can be produced by many species of bachenigi and yeast.
Although studies have been conducted aimed at theduption and
characterization of phytase from some microorgasjsimformation about its
regulation, catalytic capacity, specificity, optmation of production and
purification, still need to be clarified in order teduce costs and facilitate the
use of this enzyme on an industrial scale. It idpced on a commercial scale
by a limited number of organisms. Many experimdrdase been conducted to
demonstrate the effects of microbial phytase inil&rochickens by using
phosphorus (LELIS et al., 2012).

Thus, the proposed work aimed to select a fungas e¢kcels in the
production of phytase, assess factors that mayenfle the production of this
enzyme and to partially characterize it. Being thest producer isolated,
belonging to the class of endophytic fungi, the knisr considered a pioneer in

the reporting of phytase production by these fungi.
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2 MATERIALS AND METHODS

The experiments were conducted in the FilamentoungiFGenetics and
Bioprospecting Laboratory - BIOGEN from Federal \brsity of Lavras -
UFLA, Lavras, Minas Gerais and the Microbiology batory from Faculty of
Philosophy, Sciences and Letters of Ribeirdo RreeCLRP/USP.

2.1 Microorganisms evaluated and selection of phys& producing fungi

One hundred filamentous fungi isolated from the zZBien Caatinga
caves and 13 endophytic fungi isolated from coffieat shoots belonging to the
Culture Collection of the BIOGEN, were evaluated tioeir ability to produce
the enzyme phytase. The cultures were maintainddilliQ water at 4°C. The
isolates were reactivated on potato dextrose &@f2aA] and incubated at 25°C
for 7 days.

The selection of fungal phytase producers was ezrout in medium
containing (g/L) phytic acid (§H15024P6): 5; NaNQ: 3; MgSQ.7H,O: 0.5;
KCI: 0.5; FeSQ@ 0.12; CaCl 0.66; ZnSQ@ 0.17; agar: 30 (SILVA et al., 2010).
The fungi that showed a clear zone (halo) arouredctiiony, and possessed an
Enzyme Index (El) greater than 2, were selectezl/eduate the specific enzyme

activity. El = halo diameter/colony diameter.

2.2 Molecular identification

The molecular identification of the selected funguas carried out using
sequences of the ITS region. The fungus was growR@A and mycelium was
scraped with a sterile toothpick. The extractiontail DNA was performed

according to the "Mobio UltraClean Microbial® kitAmplification reactions
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were performed in a volume of 30 ul containing 1%tiQuiagen kit, 12L
H20, 1ul primer F, 1uL primer R and 1 ul DNA.

Primers ITS1 (5 TCCGTAGGTGAACCTGCGG 3)and ITS4
(5'TCCTCCGCTTATTGATATGC 5’) and amplification coniins were were:
95°C 2min, 95°C 1min, 50°C 1 min, 72°C 1 min and@2Z min, programmed
for 35 cycles. The amplifications were performed in a thermocycler
"MULTIGENE, Labnet International Inc. The sequeneese analyzed with the
aid of SeqAssem prograand alignment with other sequences available én th

database "GenBank" was made by the MEGA program.

2.3 Phytase assay

The phytase activity was determined according ttatgWChadha e Saini
(2007). The phosphorus released was measured gueatometrically. One unit
of phytase activity is defined as "amount of phgteequired to release one mole

of inorganic phosphorus per time unit under tesddmns".

2.4 Determination of total protein

The total protein concentration was determinedhgyBradford method
(BRADFORD, 1976) using whey protein bovine serurbuatin (BSA) as a
standard. The unit was defined as the amount dejoran mg/mL of sample.
Total protein (mg total) was calculated by multipty the protein in mg/mL for

the sample volume.
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2.5 Influence of some physical factors on phytaserq@uction under
submerged fermentation (SF)

The substrates used for the production of phytasten submerged
fermentation (SF) were (5%) wheat bran, soybeagareane bagasse, oat, corn
starch, and rye flour.

The physical parameters included agitation (10 &a8d 150 rpm),
initial pH (4, 5, 6 and 7) and temperature (25,a8@ 35°C), fungal growth
incubation time (24, 48, 72, 96, 120, 144 and 16&$) and fungus dry weight.
The fermentation medium was prepared in 250 mirnkeyer flasks by adding
(g/L) of wheat bran: 5, yeast extract: 3; NajN@ MgSQ.7H,0: 0.5; KCI: 0.5;
FeSQ: 0.12; CaCGk 0.66, ZnSQ@ 0.17, pH 5.5 (SILVA et al., 2010). After this
process, three disks of approximately eight miltieng of the selected fungus
mycelium was inoculated in the fermentation mediumhich was initially
incubated at 25°C for 7 days at 125 rpm. Phytateityovas evaluated assay of

enzyme.

2.6 Chromatographic column DEAE-cellulose ion exchage

The supernatant of the crude extract obtained fimamextracellular SF
was applied to column chromatography ion exchan@§mbB-cellulose (1 x
12cm) previously equilibrated in 10 mM sodium atetauffer, pH 5.0 and a
flow rate adjusted to 1 mL/min. The enzyme wasegluby applying a linear
NaCl gradient (0-1M) in the same buffer. Fractig@smL/tube) were collected

that showed activity in "pools", dialyzed againistitled water overnight at 4°C.
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2.7 Stability to temperature and pH

The thermostability was determined by incubatingtigly purified
phytase at temperatures of 40°C, 50°C and 60°@r Afbe intervals of 2, 5, 10,
15, 20, 30, 45 and 60 minutes, aliqguots were rechosad the enzyme
maintained in an ice bath for determining phytasteiy.

The pH stability of phytase was observed by indualgathe partially
purified enzyme in 100mM citrate buffer (pH 3, 4aBd 6) and 100mM Tris-
HCI (pH 7, 8, 9 and 10). The enzyme and buffer waded at 1:1 (v/v) and
after incubation for 1 hour aliquots were removedl ahe relative enzyme

activity was determined.

2.8 Effect of different compounds on phytase actity

The effect of different salts NaCl, AICI, CuCl, G0S5H,0, FeCl,
HgCl, KCI, MgSQ.7H,0O, Zn(NG).7H,O, CaC}, Urea and EDTA on the
partially purified phytase activity was investig&tdhe compounds were used at
final concentrations of 1mM in the reaction medidor phytase activity
determination.

All experiments were performed in triplicate, usinwbite as control. It

took into account the standard deviation for thestauction of graphs.
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3 RESULTS AND DISCUSSION

Isolates that had an index value (Table 1) greatar 2 were CF279 (EI
= 2.41) and UBSX (EI = 4.46). These were identified Penicillium
minioluteumand Muscodorsp. (Xylariaceae, Ascomycetes), respectively. The
enzymatic index of the enzyme produced by the emgtegMuscodorsp. had
the highest value so this isolate was chosen fotdhts to evaluate factors that
may influence the production of phytase and charettion tests of the enzyme
produced. Isolate UBSX is a sterile (not producipgres) endophytic fungus
possessing some interesting hyphal characteristatgading coiling, ropyness,
and right angle branching. The mycelia of the fungn most media are whitish
and suppressed (Fig. 1). All attempts to obtaitiat@ spore formation have
failed. These include placement on various medie Jequences were entered
into “GenBank” aKJ425599.

Table 1 Higher enzyme levels produced by endoph{tlBSX, Z26 and
HZM64) and by fungi isolated from caves (CF279, GE3and

HE189A)
Isolate Index Value (EI)
UBSX 4,41
Z26 4,35
HZM64 3,7
CF279 2,41
CF302 2,2

HE189A 2,09
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Figure 1 Mycelium of isolates UBSX (A) and CF279 @own on PDA, and
clear zone (halo) produced from isolate CF279 (C).

The Muscodorgenus has been reported as a good producer afabeve
other metabolites of interest. A fungus of the geRluscodorthat produces
extremely bioactive volatile organic compounds (\pGwvas found. This
endophyteMuscodor albugproduces a mixture of volatile organic compounds
which are lethal to a variety of human and plarthpgens such as fungi and
bacteria. And also, is effective against nematodesl certain insects
(STROBEL, 2006). The effect of water activity (Awn the production of
volatile organic compounds produced by albus CZ - 620, the inhibitory
effects of volatile organic compounds on the growftthree pathogens of potato
tubers Fusarium sambucinupHelminthosporium solaniand Pectobacterium
atrosepticum and the development of diseases caused by tke frathogens
(dry rot, silver scurf and bacterial soft rot, resfively) were investigated.
Results showed that water activity influences thedpction of VOCs and the
VOCs tested inhibited the growth of pathogens amsdases caused by them in
potato tubers (CORCUFF et al., 201Muscodor crispans(B - 23), an
endophyte residing within the tissues of the stdnf\lmanas ananassoidea
wild pineapple of the Bolivian Amazon Basin, waschbed as a new species of
Muscodorand produces a number of esters, alcohols and atidw molecular
weight an whose volatiles have antibiotic propsrtimaking this a potentially



45

useful organism in many situations. Despite its %0@enetic similarity to
regions of rDNA ofM. albus this organism is considered distinct becausaef t
number and type of its unusual phenotypic chariaties (MITCHELL et al.,
2008).

All solid substrates resulted in phytase productgmMuscodorsp. but
in a minor amount compared to wheat bran (0.19 Téble 2).The specific
activity for the wheat bran substrate was 2.34 U/Mibeat bran is a byproduct
of wheat grain and its composition is rich in caer proteins, vitamins,
minerals, and other important elements for the ldgweent of microorganism
and enzyme production of interest, making a gredustsate for production
phytase. This substrate produced more protein (f),18nd thinking of the
enzyme of interest (phytase), that facilitatesitsification. The microorganism
Mucor racemosusNRRL 1994 produced phytase using wheat bran as
substrate/support (ROOPESH et al., 2006).

Table 2 Substrates and optimum substrate for paytasduction byMuscodor

sp.
Substrate Total Phytase (U)
Rye Flour 0.08
Wheat Bran 0.19
Sugarcane bagasse 0.05
Soybean 0.07
Oat 0.04
Corn Starch 0.03

The enzyme activity was tested in the pH range fébrto 7 using
sodium phytate as substrate. The peak of phytaséyproduced byMuscodor
sp. was pH 5.0 (Fig. 2). Similar results were oi#di for phytase from
Aspergillus nigerATCC 9142 which showed optimum pH of 5.0 (CASEY;
WALSH, 2003) andA. nigerFS3 which showed an optimum pH at 5.5 (SPIER
et al., 2010). The pH value around 5.0 - 6.0 isattaristic for most phytases
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from fungi and bacteria (VOHRA; SATYANARAYANA, 2003Schizophyllum
communehytase showed significant activity at pH 5.0, athinay facilitate the
degradation of phytate already in the salivary déafpH 5.0 - 7.0) (CASEY;
WALSH, 2004; SALMON, 2011).

Phytase activity (U/mg)

pH

Figure 2 Effect of pH of the culture medium for fh@duction of phytase by
Muscodor sp.

Agitation also exerted influence on the productadrphytase, with an
observed increase in the specific activity of timeyene. The agitation of 125
rpm allowed increased phytase activity whédascodorsp. was inoculated into

the culture medium using wheat bran as substratetgpH 5.0 (Fig. 3).
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Figure 3 Effect of agitation on the production bf/ase byMuscodorsp.

Enzymes have an optimum temperature at which tlere la constant
activity for a specified period of time. The optimutemperature of phytase
Muscodorsp. was 30°C, which showed a maximum specificviagtof 1.23
U/mg, compared to phytase activity at 25°C (0.68¢f)/ and 35°C (0.98 U/mg)

(Fig. 4).
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Figure 4 Effect of temperature on production oftakg byMuscodorsp.

The study of the phytase production kinetics wasfopmed on a
laboratory scale in Erlenmeyer flasks. Submergatdatations were carried out
according to the parameters evaluated: temperafug8°C, pH 5.0, rotation of
125 rpm. The flasks were incubated for 168 hours] avery 24 hours of
fermentation samples were withdrawn. The produabiophytase was measured
by determining enzyme activity and determinationbadmass (dry weight).
Figure5 (A e B) show the results of the study of the kisgeof production of
phytase byMuscodorsp. The maximum phytase activity (26.51 U/mg) was
achieved in 144 hours of fermentation. Monitorinignbass growth should
continue for 168 hours following definition of tstationary phase and decline.

The phase lag or phase adjustment takes aroundut2 hnd from this
moment the biomass starts to increase, thus cleamay the log phase or early

logarithmic growth phase, which continues during fiermentation process
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(SALMON, 2011). Studied the kinetics of productiohphytase byAspergillus
niger FFS3 in solid state fermentation using citrus paigh substrate/support,
which reached 96 U/mg of phytase in 96 hours ahéetation and 25 U/mg of
phytase was produced byspergillus ficuum using wheat bran as
substrate/support within 96 hours of fermentat®RIER et al., 2009).

034 .//.

Dry weight (g)
o
o

Phytase activity (U/mg)

014
04

A 73h 144h 50 100 150
Time (Hours) B Time (Hours)
Figure 5 Production of extracellular phytaseMyscodorsp. according to the
cultivation time (A) and production of biomass (avgight) byMuscodorsp.

(B)

With the standardization of the parameters evatbiaggimum substrate:
wheat bran, optimal pH: 5.0, optimal agitation: 12pm, and optimal
temperature: 30°C, the specific enzyme activityeaflophyticMuscodor sp.,
increased 11.32 times from 2.34 U/mg to 26.51 U(able 3).

Table 3 Standardization of parameters evaluatedpfoitase production by

Muscodorsp.
No standardization of  With the standardization
the parameters of the parameters
evaluated evaluated

Optimum substrate Wheat bran Wheat bran
Optimal pH X 5.0
Optimal agitation (rpm) X 125
Optimal temperature (°C) X 30
Specific enzyme  activity 234 26.51

(U/mg)
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The crude enzymatic extract produced Myscodor sp. in SF was
subjected to ion exchange chromatography on DEAHlose. The elution
profile showed two protein peaks with phytase agtiof 4.52 U/mg (Buffer)
and 5.19 U/mg (NaCl). The results of phytase agtiend OD 280 nm are shows
in Figure 6. Practically all the early process jlsgt (100 mL extract) is present
in the next step, after the DEAE, but in a smalleiume (56 mL). The
purification factor increased (1.31), however a léinarease, thus, little protein
were removed and separated from the enzyme ofesttéphytase).This shows
that there was a slight separation from other prsteor the use of DEAE not
allow a high efficiency of purification. On the ethhand, other compounds that
could be present in the crude extract and distuptenzymatic activity, even
minimally, may have been removed, and therefore,ttttal activity increased
slightly, allowing a slightly higher recovery (aliao 7%). The ideal would be

to repeat the purification process seeking otherrstives (Table 4).
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Figure 6 Elution profile of phytadduscodorsp. DEAE-Cellulose column

Table 4 Partial purification of phytase producedvhyscodorsp.

Total Total Specific

Steps V(orInqu?e Phytase Protein  Activity Y(';': ;j Purification
()] (mg)  (U/mg)

Gross Extract 100 11.10 2.8 3.96 100 1

DEAE - 56 11.93 2.3 5.19 107.5 1.31

Cellulose

For the temperature stability and salts the pértialrified extract in a
DEAE-cellulose column was used. This extract hgahgtase activity value of
5.19 U/mg.

The stability of phytas&luscodorsp. contained in the partially purified
extract was evaluated after storage for 1 houbatat different pH values 3, 4,
5, 6 (citrate buffer) and 7, 8, 9 and 10 (Tris-Hig. 7A). For the pH stability,
partially purified extract was also used, but with activity amount of 7.36

U/mg (100% relative activity). At pH 5.0, we obsedvmaximum enzyme
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stability. This is due to the fact that this is thatimum pH for growth of the
fungus for phytase production. The difference betwehe curves can be
explained by the fact of having used different brdffor the two pH ranges
citrate (3, 4, 5 and 6) and Tris-HCI (7, 8, 9 ai®). T'he citrate curve, is more
likely to be correct by showing stability, howenall, at acidic pH (4, 5 and 6
- optimal pH of phytase activity). At pH 5.0 (100%)certain of stability was
observed, and as the pH increases, the stabildyedses. However, in the Tris-
HCI curve, we also observed that the enzyme rerdaitable at higher pH. This
difference can also be explained by analyticalreriothe activity methodology.
An alternative could be to quantify the pH at timeet of the enzymatic reaction
in the fungal growth medium for enzyme productioat only before. Phytase |
of Monascuswas also stable at pH 5.5-6.5 and phytase Il haetter stability at
pH 6.0 to 7.0 (TADASHI et al. 2001), and phytasefllAspergillus nigerwas
stable pH 3.5 to 9.0 and at room temperature o\ lzour period of incubation
(SONI; MAGDUM,; KHIRE, 2010).

Phytase stability at 40°C was observed, keepingeitgtive activity of
135.7% and 23.11% for a period of 1 hour, afteguadt collection at times of 2,
5, 10, 15, 20, 30, 45 and 60 minutes. This stgbilias followed at 50°C, but
with only 14.88% retention, and at 60°C, the thdrratbility decreases
gradually (Fig. 7B).
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Figure 7 pH stability (A) and temperature stabiliB) of phytase produced by
Muscodorsp.

The majority of microbial phytases studied havevghgimilar optimum
temperatures within a temperature range of 45-§8@YCE; WALSH, 2007).
Thermal inactivation was reported for phytasé\spergillus fumigatuat 70°C
(WOODZINSKI; ULLAH 1996). Most fungal phytases chaterized to date
have optimum temperature in the range of 30-60%SEY; WALSH, 2004).

Table 4 Effect of different compounds btuscodorsp. phytase activity

Addition (1mM) Phytase activity (U/mg)  Relative ativity (%)
Without addition of compound 5,19 100
NaCl 1mM 0.61 11.75
AICI 1mM 2.59 49.9
CuCl 1mM 2.22 42.77
CuS04.5H20 1mM 2.08 40.07
FeCk 1mM 4.47 86.12
HgCl, 1mM 1.40 26.97
EDTA 0 0
KCI 0 0
MgSQ,.7H,0 0 0
Zn(NGs).7H,O 0 0
CaCb 0 0
Urea 0 0

The influence of the presence of different compsuod the phytase
activity of partially purified phytase is shown Trable 4. The enzyme activity



54

and the relative activity was calculated considgtime enzymatic activity of the
partially purified extract (5.19 U/mg), which is@galent to 100% of relative
activity. The phytase produced Muscodorsp. was totally inhibited by EDTA,
K*, Mg, Zr**, C&* and urea and relatively inhibited by Naig?*, CU/*, Al,
Fe**, whereas, the inhibition was lower by Fe(86.12%).

Phytase produced Wyspergillus nigemwas also inhibited by Gty zr*,
Hg*, Srf*, Cd”, and strongly inhibited by the Fe (DVORAKOVA;
VOLFIVA; KOPECKY, 1997). The activity of phytaseoim Candida krusei
WZ-001 was completely inhibited by Znand strongly inhibited by Mg
Increasing the concentration of #¢5 mM) resulted in recovery of phytase
activity. When increasing the concentration of sadiin the partially purified
extract of the enzyme, there is a greater actiisg, so this is considered a
major phytase enzyme inhibitor. In this work, in igfh the components
completely inhibited the enzyme, NaCl was the fitinhibit the enzyme
(11.75%) almost completely. Ullah, Sethumadhavafuttaney (2008) reported
that 500 mM NaCl had an inhibitory effect on theidty of phytase from

Aspergillus niger
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4 CONCLUSIONS

The endophyticMuscodor sp., was selected as a good producer of
phytase. According to the parameters evaluatedhitfieest phytase production
by endophyticMuscodor sp., in SF, occurred when it was incoculated in
medium containing wheat bran as substrate, pHagi€ation 125 rpm and 30°C.
During the growth curve of the endophyhNtuscodorsp., the highest phytase
production occurred after 144 hours of fermentatigth a yield of 26.51 U/mg.
The enzyme had less inhibition when Fe@hs added, compared to other salts
added. The peak enzyme activity was higher usin@INss eluent, with a
recuperation of 7.5%. Phytase Miuscodorsp. had a higher stability at 40°C
and pH 5.0. The work conducted herein is the fsirk that reports the
production of phytase by an endophytic fungus.
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