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RESUMO

A ciclodextrina glucosiltransferase (CGTase) € uma enzima industrialmente
muito importante, capaz de converter o amido em ciclodextrinas (CDs). As CDs sao
capazes de formar complexos de inclusédo com uma grande gama de compostos
organicos e inorganicos, podendo mudar suas propriedades quimicas e fisicas,
propriedades estas que lhes confere extensiva aplicabilidade na industria de
alimentos, farmacéutica, quimica, cosmética e agricola. Atualmente, diversas
CGTases ja foram isoladas e caracterizadas a partir de varios microrganismos,
principalmente Bacillus, Paenibacillus, Pseudomonas, Klebsiella, Xanthomonas,
Thermococcus, Vibrio, Geobacillus e Thermoanaerobacterium. Neste trabalho,
demonstramos o primeiro relato envolvendo a clonagem e expressao heteréloga da
CGTase de Stenotrophomonas maltophilia, microrganismo isolado do solo brasileiro.
O gene codificador da CGTase de S. maltophilia, foi amplificado com éxito através
da técnica de PCR, clonado no vetor pET-23a(+) e expresso em Escherichia coli
BL21(DE3). As células recombinantes necessitaram de aproximadamente 4 horas
de cultivo em meio Luria Bertani (LB) apos a adicdo de 0,1 mM de IPTG para a
expressao elevada da proteina alvo. Porém, a CGTase recombinante foi expressa
sob forma de corpos de inclusdo permanecendo na fracdo insoluvel, sendo
necessario utilizar protocolos para solubilizacéo, incluindo diferentes concentracées
de uréia, mas a precipitacdo ndo foi eficaz. Embora tenha sido observada uma
expressdo elevada da proteina com cerca de 60 kDa em SDS-PAGE 12%, que
correspondeu ao tamanho esperado da proteina, a forma ativa da enzima nao foi
obtida. Uma andlise bioinforméatica foi realizada, onde foi observou-se uma proteina
conhecida como uma importante possivel facilitadora transmembrana (PMFTP —
putative Major Facilitator Transmembrane Protein) que ancora o gene cgt. Proteina
esta que pode ser utilizada em novos estudos a fim de desenvolver um novo e mais
eficaz sistema para expressdo da CGTase, podendo facilitar a sua expressao
extracelular. Assim, mais estudos sao necessarios para desenvolver um sistema de
co-expressdo de rCGTase::PMFTP em E. coli e obter mais informacgbes desta

proteina de Stenotrophomonas maltophilia.

Palavras-chave: Stenotrophomonas maltophilia, clonagem molecular, CGTase.



ABSTRACT

Cyclodextrin glucosyltransferase (CGTase) is an industrially important
enzyme, capable to convert starch into cyclodextrins (CDs). The CDs are able to
form inclusion complexes with a wide range of organic and inorganic compounds,
which can change their chemical and physical properties, that gives them extensive
applicability in the food, pharmaceutical, chemical, cosmetics and agricultural.
Currently, many CGTases have been isolated and characterized from various
microorganisms, particularly Bacillus, Paenibacillus, Pseudomonas, Klebsiella,
Xanthomonas, Thermococcus, Vibrio, Geobacillus and Thermoanaerobacterium.
This work demonstrates the first report involving cloning and expression of
heterologous CGTase from Stenotrophomonas maltophilia, microorganism isolated
from Brazilian soil. The gene encoding the S. maltophilia CGTase, was successfully
amplified by PCR, cloned into the vector pET-23a (+) and expressed in Escherichia
coli BL21(DE3). Recombinant cells required about 4 h of cultivation in Luria Bertani
(LB) after addition of 0.1 mM IPTG for high expression of the target protein. However,
the CGTase was expressed recombinant form of inclusion bodies remaining in the
insoluble fraction, being necessary use protocols for solubilization, including different
concentrations of urea, but the precipitation was not effective. Although it was
observed a high expression of the protein about 60 kDa on SDS-PAGE 12%,
corresponding to the expected size of the protein, but the active form of the enzyme
was not obtained. Bioinformatic analysis was performed and observed a Putative
Major Facilitator Transmembrane Protein (PMFTP) harboring the cgt gene. This
protein can be used in further studies to develop a new and more effective system for
expression of the CGTase, which may facilitate its extracellular expression. Thus,
more studies are needed to develop a system of co-expression of rCGTase::PMFTP
in E. coli and acquire more information about this protein of Stenotrophomonas

maltophilia.

Keywords: Stenotrophomonas maltophilia, molecular cloning, CGTase.
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1. INTRODUCAO

A Ciclodextrina Glicosiltransferase (CGTase; EC 2.4.1.19) é uma enzima da
familia das a-amilases, que destaca-se das demais por possuir a habilidade de
catalisar reacdes de transglicosilacdo intramolecular e intermolecular (VAN DER
VEEN, et al. 2000a). Esta pode ser oriunda de diferentes fontes, podendo apresentar
similaridade na sequéncia de seus aminoacidos, variando de 47% a 99% (Ql &
ZIMMERMANN, 2005) e atualmente j& existem varios microrganismos identificados
como seus produtores, destacando-se o género Bacillus, que foi identificado como
uma das melhores linhagens produtoras (MAHAT et al., 2004).

Esta enzima é uma das principais responsaveis pela sintese de moléculas
ciclicas conhecidas ciclodextrinas (CDs), a partir de reacdes reversiveis de hidrolise
do amido (GUNARATNE et al., 2007), podendo dar origem a trés tipos de CDs: a,
e/ou y-CD, sendo que na maioria das vezes ocorre formacdo de uma mistura das
CDs e a proporg¢éo de cada uma varia dependendo da bactéria de origem, do tempo
e das condicdes de reacdo (GOH et al., 2009).

As CDs sao oligossacarideos ciclicos compostos de residuos de glicose
capazes de formar complexos de inclusdo com um grande espectro de substancias
(VAN DER VEEN et al., 2000b). Além disso, apresentam muitas vantagens como a
diversidade estrutural, baixa toxicidade, alta biodegradabilidade, producéo a partir de
substratos de baixo custo e disponibilidade (MATIOLI, 2000). O interesse na sua
utilizacado vem crescendo ao decorrer dos anos, pela sua ampla gama de aplicacées
em varios setores da industria agroguimica (NAIR & SAWANT, 2005), cosmética
(REGIERT, 2006), quimica (BERKECZ et al., 2006) e de alimentos (CRAVOTTO et
al., 2006).

As CDs ja séo aprovadas pelo FDA (Food and Drug Administration) para uso
em alimentos, 0 que acarretou 0 aumento nas pesquisas sobre suas aplicacdes
nesta area. Entre as suas habilidades, destacam-se a encapsulacdo molecular de
compostos lipofilicos e hidrofobicos, que podem melhorar a estabilidade de aromas,
vitaminas, cor e gorduras insaturadas presentes nos alimentos, aumentando a vida
de prateleira dos produtos e também a sua aceitabilidade (SZENTE & SZEJTLI,
2004).



11

Com isso muitos estudos vém sendo desenvolvidos a fim de identificar novos
microrganismos produtores da CGTase. Assim, através de uma andlise
bioinformatica, foi possivel identificar o gene codificador desta enzima no genoma de
Stenotrophomonas maltophilia, que € um microrganismo que pode ser isolado do
solo da regido amazonica e também é conhecido como patégeno hospitalar, e até o
presente momento ainda n&o foi descrita como produtor de CGTase. Com isso a
aplicacdo crescente da engenharia genética, se pode produzir esta proteina
recombinante, através da clonagem e expressao em um microrganismo hospedeiro
(Escherichia coli), objetivando maior producdo da enzima quando comparado a sua
producdo no microrganismo original, que por ser um patogénico ndo pode ser
utilizado para a producao da proteina.

Este estudo se justifica porque € necessario mais pesquisas visando novas
fontes produtoras de CGTase, especialmente buscando obter grandes quantidades
de enzimas capazes de sintetizar um tipo peculiar de CD, oriundas de
microrganismos nao patogénico, obtidas através do seu crescimento controlado in

vitro pelas técnicas de clonagem molecular.
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2. REFERENCIAL TEORICO

2.1 Familia 13 das glicosil hidrolases (a-amilases)

As enzimas da familia glicosil hidrolase sdo capazes de hidrolisar as ligacdes
glicosidicas entre dois carboidratos ou entre um carboidrato e um nédo carboidrato
(LY & WITHERS, 1999). Estas enzimas sao classificadas em 90 familias de acordo
com a similaridade das suas sequéncias de aminoacidos (HENRISSAT, 1991).
Destas a familia 13, conhecida como a-amilase, € uma das mais estudadas
(JANECEK, 1997; VAN DER MAAREL et al, 2002; SVENSSON,1994).

As a-amilases sdo uma grande familia que inclui a maioria das enzimas que
degradam o amido como: a-amilase, a-glicosidase, pululanase, amilases produtoras
de maltooligosacarideos (maltotetraose, maltohexaose), glucodextranase, isoamilase
e ciclodextrina glicosiltransferas (CGTase) (JANECEK, 2000). Estas enzimas agem
sobre as ligagbes a-glicosidicas e hidrolisam estas ligacdes produzindo mono ou
oligossacarideos, formando ligacées a-1,4 ou ligacbes a-1,6 por transglicosilacao,
possuem estrutura (B/a)s e possuem quatro regifes altamente conservadas na
sequéncia primaria (VAN DER KAAIJ et al., 2007). A principal diferenca dentro deste
grupo de enzimas é a preferéncia por reacdes de hidrélise ou de transferéncia e a
especificidade por ligagdes glicosidicas a-1,4 ou a-1,6 (LEEMHUIS, et al., 2003).

Uma das principais caracteristicas das enzimas da familia das a-amilases é
que todas utilizam o mecanismo de a-conservacdo, mas seu substrato ou
especificidade de produto é muito variavel. Estas diferencas podem ser atribuidas a
fixacdo de diferentes dominios aos centros cataliticos ou as ligacdes extras de
acucar ao subsitio em torno do sitio catalitico (VAN DER MAAREL et al., 2002).
Nesta familia destaca-se a enzima ciclodextrina glicosiltransferase (CGTase; EC
2.4.1.19), por possuir a habilidade de catalisar reacdes de transglicosilagéo
intramolecular e intermolecular, enquanto que as demais enzimas geralmente
hidrolisam as ligagdes glicosidicas a-1, 4 (VAN DER VEEN, et al., 2000a).
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2.1.1 Estrutura tridimensional da familia a-amilase

Os membros da familia a-amilase sdo proteinas com multidominios e o tipo
de organizacdo desses dominios determina a especificidade e a¢do da enzima (VAN
DER MAAREL et al, 2002). O dominio A, geralmente esté localizado na regido N-
terminal, compreende o dominio catalitico dessas enzimas, este € 0 dominio mais
conservado dessa familia e apresentam cerca de 300-400 aminoacidos contidos em
uma dobra altamente simétrica de oito fitas (-paralelas, organizadas em forma
tubular e cercadas por oito a-hélices, dobradas dentro de uma estrutura
caracteristica de (B/a)8-barril. A estrutura de (B/a)8-barril apresenta diversas prolinas
e glicinas, altamente conservadas, flanqueando a conexao das fitas  com as a-
hélices, as quais formam a regido catalitica (JANECEK, 2000; HORVATHOVA et al,
2000).

Figura 1. Representacdo esquemética das estruturas da CGTase de Bacillus circulans: A)
estrutrua barril (B/a)s. € B) 3D da CGTase (NILSEN & BORCHET, 2000).

Os aminoacidos conservados de ligagdo catalitica e de ligagdo ao substrato
na familia a-amilase estao localizados no “loop” da extremidade C das fitas 3, no
dominio A. Um longo “loop” que emerge entre a fita B3 e a a-hélice 3 do dominio
catalitico é considerado um dominio estrutural a parte. O dominio B € constituido de
44-133 aminoacidos, sendo que seu tamanho e sua estrutura variam de acordo com
os membros da familia e acredita-se ainda, que ele seja o responsavel pelas
diferencas na especificidade quanto ao substrato (SVENSSON, 1994,
RODENBURGO, et al, 1994). Nele se encontram também, os aminoacidos
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envolvidos na estrutura de ligagdo do calcio, importante para a manutencdo da
estabilidade da estrutura requerida para a catélise (BOEL et al, 1990; JANECEK et
al, 1997).

O dominio C tem a extensdo de aproximadamente 100 aminoacidos e tem
uma fita B interna e antiparalela. Os dominios complementares ao dominio A e B,
que podem variar de C ao |, comuns as enzimas da familia a-amilase, podem estar
posicionados posterior ou anteriormente ao dominio A (JESPERSEN et al, 1991).

Uma das principais diferencas entre as CGTase e demais a-amilases € a
presenca de um dominio adicional na por¢do C-terminal desta enzima. (VAN DER
VEEN et al., 2000b).

2.1.2 Regides conservadas

A similaridade entre todos os membros da familia a-amilase € menor que
30%, entretanto, foram identificadas sete regifes de sequéncias conservadas (I a
VII) (JANECEK, 2000). Essas regides estdo posicionadas nas fitas § do dominio A,
sendo que as quatro regides mais conservadas, regido |, Il, lll e IV estdo nas fitas 3
3,PB 4, B 5eB 7, outra regidao conservada, regiao V esta no “loop” 3 do dominio B e
as duas regides menos conservadas, regido VI e VIl estdo nas fitas B 2 e B 8 do
dominio A. Estas contém os aminoacidos conservados envolvidos ndo apenas na
catélise e ligacdo ao substrato (regides I-1V), mas também na ligacéo do célcio e na
especificidade da enzima (V-VII) (JANECEK, 2002).

As regides I-IV comportam os residuos de aminoacidos conservados que tem
um papel direto na clivagem da ligacdo glicosidica, ligacdo ao substrato,
estabilizacdo do estado de transicdo e na ligacdo do calcio. As regides Il e Il séo
importantes também, por conter os residuos caracteristicos para especificidade ao
tipo de ligacédo (a-1,4 ou a-1,6). As regibes VI e VII estdo relacionadas a
especificidade da enzima, entretanto sua importancia € pouco conhecida até o
momento (JANECEK, 2000).
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Regidol-B; RegidoV - Regido Il - By Regiao Il - Bs Regiao IV -
loop3 [
a-amilase 117 DVVANH 173 LPBLD 202 GLERIDTVKH 226 YCIGEVLD 292 FVENHD
CGTase 135 DFAPNH 197 LABFN 225 GIRVDAVKH 253 FTFGEWFL 323 FIDNHD
Isoamilase 135 DUWWYNH 342 GANFN 371 GFRFDLASYV 431 DLFAEPWA 505 FIDVHD
Cdase 238 DAVFNH 292 MPELN 321 _GWRLDVANE 350 YILGEVWH 416 LLDSHD
Neopululanase 242 DAVFNH 205 MPELR 324 GWRLDVANE 353 ¥ILGEIWH 419 LLGSHD
Figura 2: Alinhamento da sequéncia de aminoécidos das regides conservadas |, I, I, IV e

V para diferentes membros da familia a-amilase. Cdédigo de cores: VERDE: aspartato e
glutamato cataliticos; AMARELO: histidina funcional; ROSA: aspartato de ligacdo de ca®":
VERMELHO: residuos nado conservados; AZUL: arginina invariante; CINZA: residuos
conservados (JANECEK, 2002).

2.2 Ciclodextrina glicosiltransferase (CGTase)

A CGTase € uma enzima composta por uma cadeia Unica de polipeptidios
com aproximadamente 650 aminoacidos, possuindo massa molecular entre 70-
75kDa (MATIOLI et al., 2000). A sua formacédo € dependente da presenca de amido
e inibida pela presenca de glicose (QI & ZIMMERMANN, 2005). As enzimas obtidas
dos diferentes microrganismos apresentam propriedades diferentes, tais como
estabilidade térmica, pH 6timo, massa molecular e capacidade de formacédo de CDs
(MORIWAKI, et al.,, 2007), e podem apresentar similaridade na sequéncia de
aminoacidos, entre 47 a 99% (QI & ZIMMERMANN, 2005).

A CGTase € uma enzima complexa capaz de catalisar quatro tipos de
reacdes: reacdo de transglicosilacdo intramolecular (reacdo de ciclizacdo para
formar as CDs), reacdo de acoplamento (reversa a ciclizacdo, onde o anel de CD é
clivado e transferido para um substrato receptor linear), reacdo de
desproporcionamento (reagdo de transferase propriamente dita, onde um
maltooligossacarideo € clivado e transferido para um substrato receptor linear) e
fraca atividade hidrolitica em presenca de amido, maltooligossacarideos ou CDs
(ABELYAN, et al, 1994; BENDER, 1986; BOVETTO, et al, 1992; TOMITA, et al,
1993; TONKOVA, 1998; VAN DE VEEN, et al, 2000a; WIND, et al, 1995; ZHEKOVA
et al, 2009).
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Figura 3: Reacdes de catélise da CGTase. Circulos representam moléculas de glicose e
esferas brancas a extremidade redutora: (A) hidrélise, (B) desproporcionamento, (C)
ciclizacdo e (D) acoplamento. (VAN DER VEEN, et al., 2000a).

Dos quatro tipos de reacdes que esta enzima pode catalisar, podemos
destacar a reacao de ciclizagdo, que ocorre quando a cadeia de um oligossacarideo
linear (amido ou maltodextrina) é clivada e um agucar com final redutor é transferido
para o acucar ndo redutor da mesma cadeia. Mais especificamente, 0 aminoacido
Asp 129 liga-se ao oligossacarideo linear formando um intermediario covalente e a
cadeia linear passa a assumir a conformacgéo ciclica (UITDEHAAG, et al., 2002).
Estas moléculas ciclicas sdo denominadas ciclodextrinas (CDs) (GUNARATNE, et
al., 2007).

As enzimas CGTase sédo classificadas em trés grupos de formacéo de CDs:
a-CD, B-CD e y-CD, sendo que a maioria vai originar uma mistura destes produtos,
cuja proporcdo vai variar dependendo da bactéria de origem, do tempo e das
condi¢bes de reacdo (GOH, et al., 2009), mas em condi¢des normais a formacao de
B-CD ocorre em maiores quantidades (MORIWAKI, et al.,, 2007). Portanto a
identificacdo de uma CGTase, capaz de sintetizar predominantemente um tipo de
CD a uma taxa de crescimento elevada, torna-se muito importante (RAHMAN, et al.,
2006), pois a separacdo de um tipo especifico de CD exige elevado investimento
financeiro e leva muito tempo (BONILHA, et al., 2006). Portanto, se for possivel
obter uma CGTase com esta peculiaridade, seria possivel produzir CDs a partir da
imobilizacdo desta enzima, diminuindo os custos de sua producdo (WANG, et al.,

2006). Atualmente alguns métodos para producdo industrial de CGTase tém sido
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estabelecidos e muitas cepas bacterianas selvagem ou geneticamente modificadas
tém sido utilizadas na indastria para producdo de diferentes tipos de CGTase (QIl &
ZIMMERMANN, 2005).

2.3 Ciclodextrinas (CDs)

As ciclodextrinas (cicloamilose, ciclomaltose, dextrinas de Schardinger, cG,
CDs) séo oligossacarideos ciclicos compostos principalmente de seis, sete ou oito
residuos de glicose unidos por ligagdes a-1,4, chamados respectivamente de q, B e
y-ciclodextrinas (TONKOVA, 1998; SEON, et al.,, 2009). Produzidos a partir do
amido, pela acdo da CGTase de algumas espécies microbianas (VAN DER VEEN, et
al., 2000b; SHIBUYA et al., 2003, SA BARRETO & CUNHA FILHO, 2008).

Figura 4: Estruturas da a-CD, B-CD e y-CD (VAN DER VEEN et al., 2000a).

As CDs com mais de oito unidades de D-glicose sdo mais raras, mas French,
em 1957 jA mencionava a existéncia de CDs com até dez unidades de glicose.
Entretanto, devido a baixa producdo e dificuldade de purificacdo, estas CDs nao
foram inteiramente caracterizadas. Também ja foram caracterizadas e purificadas
CDs com 9 a 19 unidades de glicose (LARSEN & ZIMMERMANN, 1999).

Uma das caracteristicas das CDs é apresentar sabor doce (MATIOLI, 2000),
pois apresenta residuos de glicose no seu anel, que sdo arranjados de maneira que
0 segundo grupamento hidroxil (C2-C3) é localizado no limite do anel e o primeiro
grupamento hidroxil (C6) no outro limite, resultando em uma molécula com forma
cilindrica. Os hidrogénios apolares C3 e C5, bem como seus oxigénios estdo na
parte interna e 0s grupamentos hidroxil na parte externa da molécula de CD (VAN
DER VEEN, et al., 2000b). Essa conformacdo molecular faz ainda, com que as CDs

apresentem um carater hidrofilico no lado externo da molécula e os pares de
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elétrons livres dos oxigénios envolvidos em ligacdes glicosidicas sdo dirigidos para o
interior da cavidade, proporcionando uma elevada densidade eletrbnica e, por
consequéncia, um carater apolar (MATIOLLI, et al., 2000).

Tais caracteristicas possibilitam a formacdo de complexos de inclusdo com
varias substancias organicas e inorganicas, que sdo encapsuladas na cavidade
central da CD, podendo formar cristais. Os complexos de inclusdo sao formados e
existem em solu¢cdes aquosas, permitindo assim, a investigacdo de substancias
hidrofébicas muito importantes para os sistemas biologicos. Como possiveis efeitos
da formacdo de complexos de inclusdo sobre as moléculas inclusas, tém-se a
estabilizacdo de compostos sensiveis a luz ou oxigénio, estabilizacdo de compostos
volateis, alteracdo de reatividade quimica, melhora da solubilidade, melhora de
sabor e aroma (VAN DER VEEN, et al., 2000b).

As CDs sdo moléculas muito estaveis, pelo fato de serem circulares, nao
apresentam extremidade redutora e nao redutora. Desta forma, ndo podem ser
degradadas por enzimas com acdo do tipo exonuclear, sendo que além das
CGTases, apenas poucas enzimas podem abrir o anel das CDs (PARK, et al., 2000,
HASHIMOTO, et al., 2001).

A forma tridimensional e o tamanho das moléculas de CDs fornecem uma
importante informagédo a respeito da formagdo de complexos com compostos
hidrofébicos ou grupos funcionais. Sendo que as dimensdes das CDs variam de
acordo com o numero de unidades de glicose e essa diferenca repercute no
didmetro da cavidade interna, entdo cada CD mostra uma capacidade diferente de
formacao do complexo de inclusdo com outras moléculas (BEKERS, et al., 1991).

2.3.1 Aplicacéo das CDs

Devido a sua grande variedade da formacdo de complexos de incluséao
(ABDEL-SHAFI, et al., 2009) as CDs promovem efeitos benéficos como a protegcéo
contra oxidacao de lipidios (HAIYEE, et al., 2009), a reducédo ou a estabilidade de
aromas (SEON, et al., 2009), a estabilidade de cores (PROVENZI, et al., 2006) e
vitaminas e 0 aumento da solubilidade de drogas (CHO, 2006). Por essas razoes,
sdo amplamente utilizadas em industrias de alimentos, farmacéuticas, cosméticas e
guimicas (SINGH, et al., 2002).
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Na industria de alimentos s&o utilizados na encapsulacdo de substancias
promovendo estabilidade de aromas, vitaminas, corantes e gorduras insaturadas,
consequentemente estendendo o tempo de prateleira dos produtos (SZENTE, et al.,
2004). As CDs sao utilizadas na industria de cosméticos e produtos de limpeza
encapsulando fragrancias, promovendo estabilidade fisico-quimica e reduzindo a
velocidade da oxidagcédo dos compostos (CENTINI, et al., 2007).

Na industria farmacéutica, o interesse da encapsulacdo de medicamentos
como a penicilina e amoxilina pela industria farmacéutica ocorreu a partir da
complexagao do principio ativo B-lactama com CDs (RAWAT, et al., 2004; NAMAZI,
et al., 2009), pois este era pouco solivel em agua, quimicamente ou fisicamente
instavel e apresentava sabor desagradavel, o qual era mascarado pela utilizacédo
das CDs (LOFTSSON, et al., 2007; LU, et al, 2009; NAMAZI, et al., 2009). As CDs
também auxiliam na ruptura de bolsas de lipideos em células, melhorando o quadro
de doencas vasculares (RODAL, et al., 1999; MATTERN, et al, 2009).

Na indastria quimica as CDs sédo utilizadas como catalisadores em reacdes
guimicas, como ocorre na oxidacdo de compostos e auxiliando na extracdo de um
componente de uma mistura (ABDEL-SHAFI, et al., 2009; SASIKALA, et al., 2009).
E na despoluicdo ambiental, as CDs séo utilizadas na tentativa de evitar o efeito de
substancias téxicas contidas no ambiente por meio da formacéo de complexos nao
téxicos como dos residuos industriais (OONNITTAN, et al., 2009). Alguns compostos
organicos sao 0s maiores poluentes em &gua, podendo ser téxicos ou
carcinogénicos até em baixas concentracfes. Com o0 aumento da tecnologia de
remocéao de poluentes organicos da agua, as CDs chegam a remover de 47 a 58%
de compostos indesejaveis (SALIPIRA, et al., 2006).

2.4 Producéo da CGTase

O primeiro microrganismo descrito na literatura como produtor de CGTase foi
o Bacillus amylobacter (Clostridium butyricum) com o qual Villers produziu as
primeiras dextrinas anteriormente descritas por Schardinger (FRENCH, 1957), que
isolou o Bacillus macerans (Aerobacillus macerans) em 1904. Tilden e Hudson em
1939 realizaram o0s primeiros estudos com CGTase produzida por esse
microrganismo, mas foi s6 em 1942 que comprovaram que as CDs ndo eram

produtos sintetizados durante o metabolismo microbiano, e sim, resultado da acao
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de uma enzima extracelular produzida pelo microrganismo, a qual hidrolisava o
amido e compostos relacionados (MAHAT, et al., 2004).

Entdo, Tilden e Hudson estudaram 11 linhagens de Bacillus macerans, e
concluiram que todas elas produziam uma amilase capaz de converter amido em
dextrinas de Schardinger. A enzima permaneceu relativamente estivel ao calor,
sendo que a inativagdo ocorreu ap6s 1 hora a 50°C e a maior atividade foi
apresentada entre pH 5,0 e 6,0, a 40°C (MAHAT, et al., 2004). Apés os estudos de
Tilden e Hudson varios outros autores voltaram suas pesquisas a CGTase, a partir
dai muitos microrganismos foram descritos como produtores da mesma, com
predominio do género Bacillus (MAHAT, et al., 2004), como descrito por Schardinger
em 1903.

Além do género Bacillus outros géneros de microrganismos também vém
sendo estudados: Anaerobranca, Klebsiella, Pseudomonas, Brevibacterium,
Microccus, Clostridium, Thermococcus, Thermoanaerobacter e
Thermoanaerobacterium (PINTO, et al., 2007; ALVES-PRADO, et al., 2007,
BONILHA, et al., 2006; COSTA, et al., 2009; AVCI, et al., 2009; GAWAND, et al.,
2001).

2.5 Stenotrophomonas maltophilia

A bactéria S. matophilia foi inicialmente nomeado de Pseudomonas
maltophilia, por Hugh e Ryschenkow, e nos anos 80 passou a fazer parte do género
Xanthomonas. Mas, Van Zyl & Steyn, em 1992 publicaram um estudo argumentando
a inconveniéncia dessa transferéncia de géneros, 0 que gerou intensas pesquisas e
discussbes. Entdo, em 1993 foi proposto um novo género para esse microrganismo
ser enquadrado, Stenotrophomonas (stenus, estreito; trophus, que se alimenta;
monas, uma unidade, ou seja, uma unidade que se alimenta com pouco substrato)
(PALLERONI & BRADBURY, 1993).

O g¢género Stenotrophomonas, consiste de bastonetes aerobios, gram
negativos, ndo esporulantes, medindo de 0,5 a 1,5 ym, moveis com muitos flagelos
polares e podendo produzir fimbrias. Sua temperatura 6tima de crescimento ocorre
aos 35°C, apresentando-se como coldnias lisas, brilhantes, com margens regulares
e brancas, cinzentas ou amarelo-palidas (PALLERONI & BRADBURY, 1993).
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A S. maltophilia € um patégeno oportunista em pacientes imunodeprimidos,
possuindo baixa viruléncia e é frequentemente encontrado colonizando fluidos
utilizados em hospitais e secrecdes de pacientes (GOPALAKRISHNAN, et al., 1999).
E responséavel por elevada morbi-letalidade, principalmente em pacientes sob terapia
imunossupressora ou antibioticoterapia prolongada de amplo espectro (ALMEIDA, et
al., 2005).

S. maltophilia também pode ser encontrada em &agua, plantas ou solo, e vém
sendo isolada principalmente de solos cultivados de trigo, aveia, pepino, sementes
oleaginosas e batata. Alguns estudos vém indicando um grande potencial da
espécie em biotecnologia (BERG, et al., 1999).

Também, foi identificada como agente de controle biolégico devido a
producdo de quitinase (YADAV, et al., 2007), como controladores de fungos
patégenos de plantas (BERG, et al., 1999) e ainda possui a capacidade de degradar
hidrocarbonetos policiclicos. Um estudo de cepa especifica desse microrganismo
mostrou que ela pode ser uma ferramenta poderosa e Util para o biotratamento de
efluentes e descontaminacdo do solo devido a um amplo espectro de atividade de
dioxigenases produzidas (GUZIK, et al., 2009).

Entretanto, apesar de muitos estudos envolvendo este microrganismo, até o
momento ndo ha nenhum relato na literatura que mostre a producdo de CGTase por
S. maltophilia. Sendo assim, este trabalho tem por objetivo a producao da proteina
recombinante, através da clonagem e expressdo da CGTase produzida por esse
microrganismo em um microrganismo hospedeiro, para posterior purificagéo, afim de
viabilizar a sua producédo, uma vez que 0 microrganismo produtor € considerado um

patdgeno.

2.6 Producéao de proteinas recombinantes

A expressdo de proteinas recombinantes em microrganismos transformados
tem se mostrado uma técnica fundamental na biologia molecular moderna e vem
sendo feita desde a década de 70 (QORONFLECH, et al., 2007).

A producdo em larga escala de proteinas recombinantes para subseqiente
purificagdo € hoje uma técnica em ascensdo. Essa tecnologia possui importante

aplicacdo englobando sua utilizagdo em imunizacdo, estudos bioguimicos, anélise
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tridimensional da proteina, uso biotecnolégico e terapéutico (BALBAS, 2001;
PAVLOU & REICHERT, 2004).

A producdo de proteinas recombinantes envolve a clonagem do gene
apropriado em um vetor de expressao sob controle de um promotor induzivel. Com a
obtencdo da expressao para posterior purificacdo objetivando a obtencdo de uma
molécula biologicamente ativa (MAKRIDES, 1996). Podendo ser obtidas em
diferentes hospedeiros como, bactérias, leveduras, células de mamiferos sendo que,
a bactéria é o meio de expressao de proteinas heter6logas mais utilizado, pois € um
organismo bastante conhecido geneticamente, seu cultivo é rapido e pode produzir
altas quantidades de proteina recombinante a baixo custo, porém € um sistema
limitado, pois ndo ha modificacdes pés-traducionais (MAKRIDES, 1996).

No sistema bacteriano, a proteina recombinante expressa pode ser enviada
para trés regides diferentes:

e Meio extracelular: onde a proteina recombinante é enviada para o meio de
cultura e a expressado pode resultar em altas quantidades de proteina com
conformacao nativa. Porém, com o cultivo, 0 meio passa a ter proteases que
degradam as proteinas produzidas, além de dilui-las (SORENSEN, et al.,
2005).

e Periplasma bacteriano: regido localizada entre a membrana celular e a
parede bacteriana, onde 0 meio € oxidativo e possui enzimas que possibilitam
a conformacdo natural da proteina, porém em baixas concentracdes
(MAKRIDES, 1996).

o Citoplasma bacteriano: onde a proteina é expressa em grandes
quantidades, porém de forma agregada. Estes agregados podem conter 90%
da proteina de interesse, mas para a obtencdo da proteina solavel é
necessario o uso de reagentes desagregadores (guanidina ou uréia), técnicas
com alta pressédo hidrostatica ou temperaturas de cultivo baixas (CLARK,
2001).

Entre vérios sistemas de expressdo heter6loga hoje disponiveis, a utilizacao
da bactéria gram-negativa E. coli € a opcdo mais utilizada, devido ao seu rapido
crescimento em alta densidade de cultura, baixo custo e amplo conhecimento sobre
a sua genética (SCHUMANN & FERREIRA, 2004). Com isso, foram desenvolvidas
inUmeras linhagens geneticamente modificadas para diferentes condi¢cdes de

expressao, bem como vetores a serem utilizados (MAKRIDES, 1996).
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Apesar de ja ser caracterizada a genética e a biologia molecular da E. coli,
nao existem garantias de que todo gene pode ser expresso eficientemente nesse
vetor (BANEYX, 1999). Portanto, a producéo de proteinas esta baseada em “regras
empiricas”, que fornecem uma guia para diminuir o tempo gasto em tentativas e
erros (MAKRIDES, 1996). Mas ndo existe protocolo padrdo para a sintese e
purificacdo de proteinas recombinantes, entdo cada caso deve ser otimizado através
de constantes ajustes nas metodologias.

Alguns fatores afetam o nivel de expresséo da proteina recombinante, como:
caracteristicas impares dos genes, estabilidade e eficiéncia do mRNA produzido,
conformacao funcional estrutural da proteina, codons necessarios para a traducéo,
acado das proteases e toxicidade da proteina (MAKRIDES, 1996; BENEYX, 1999;
BALBAS, 2001; BENEYX & MUJACIC, 2004; BERROW, et al, 2006).

As principais desvantagens no uso da E. coli como sistema de
expressdo incluem a inabilidade da bactéria de realizar as modificacdes poOs-
traducdo que ocorrem nos eucariotos, a auséncia de um mecanismo de secrecao da
proteina alvo para o meio de cultura e a limitada habilidade de promover a formacéo
de pontes dissulfeto (MAKRIDES, 1996; BALBAS, 2001; SAHDEV, et al., 2008).
Porém, atualmente diversas estratégias ja foram desenvolvidas para contornar estes
problemas, resultando na sintese de inUmeras proteinas recombinantes
biologicamente ativas (TESFAI, et al., 2012; THOMAS, et al., 1997; GARDE, et al.,
2007; ELORZA, et al., 2009; CHENG, et al., 2011; MA, et al., 2012).
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3 OBJETIVOS

3.1 Objetivo geral

Identificagdo, caracterizacdo, clonagem e expressdo da Ciclodextrina

Glicosiltransferase (CGTase) de S. maltophilia.

3.2 Objetivos especificos

¢ Amplificacdo do gene codificante da enzima CGTase, a partir de DNA
gendmico de S. maltophilia, utilizando a técnica de Reagdo em Cadeia
da Polimerase (PCR);

e Clonagem dos genes amplificados por PCR utilizando um vetor de
expressdo pET23a(+) (sistema pET da Novagen®);

¢ Identificacdo do gene clonado pelo sequenciamento do DNA,;

e Otimizacdo da expressdo da CGTase em células hospedeiras de E.
coli;

e Purificacdo e quantificacdo da proteina;

¢ Verificacdo da atividade da proteina.



Capitulo Il
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RESULTADOS

Os resultados deste trabalho estdo apresentados na forma de um artigo, ja
formatado de acordo com as normas, a ser submetido para publicacdo na revista

Biotechnology and Bioprocess Engineering.
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Identification, characterization, cloning and heterologous expression of a novel
Cyclodextrin  Glycosiltransferase (CGTase) obtained from Stenotrophomonas
maltophilia
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Identification, characterization, cloning and heterologous expression of a novel
Cyclodextrin Glycosyltransferase (CGTase) obtained from Stenotrophomonas

maltophilia

Andiara Wrzesinski, Roberta Cruz Silveira Thys?, Plinho Francisco Hertz:, Jeverson

Frazzon*.

1 Instituto de Ciéncia e Tecnologia de Alimentos (ICTA), Universidade Federal do Rio
Grande do Sul (UFRGS), Porto Alegre, RS, Brasil

Abstract Cyclodextrin glycosyltransferase (CGTase) is an important industrial
enzyme used to produce cyclodextrins (CDs) from amido reidues. CGTase have
been isolated and caracterizated from several bacteria mainly the genus Bacillus.
Here we show the first report involved the cloning and heterologous expression of
enzyme CGTase of Stenotrophomonas maltophilia, a microorganism isolated from
Brazilian soil. Gene encoding cyclodextrin glycosyltransferase (CGTase) from S.
maltophilia, was successfully amplified by PCR, cloned in pET23a+ vector and over-
expressed in E. coli BL21(DE3). The recombinant cells required approximately 4 h
culture time in LB medium after addition of 0,1mM IPTG to produce a high amount of
CGTase. Recombinant CGTase was over expressed as an inclusion body remaining
in the insoluble fraction. For solubilization, several protocols were used, but no
precipitation was effective. Although it was observed high expression protein rate
with approximately 60 kDa, that corresponds to the expected protein size an active
form of enzyme was not obtained. As a system for heterologous expression in E. coli
showed a high expression of recombinant protein, other alternatives of expression
can be tested, thus, bioinformatic analysis was performed and observed a Putative
Major Facilitator Transmembrane Protein (PMFTP) harboring the cgt gene, which
may be employed to develop new and effective system for expression of enzyme,
since this protein can facilitate the extracellular expression of recombinant CGTase.

Key-words: Stenotrophomonas maltophilia, recombinant protein, CGTase, insoluble,

over expression.
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Introduction

Cyclodextrin glycosyltransferase (CGTase, EC 2.4.1.19) is an industrially
important enzyme, which converts amido residues into cyclic a-1,4-glucans, called
cyclodextrins (CDs), cyclic oligosaccharides consisting of six (a-CD), seven (B-CD),
eight (v-CD) glucose units (1, 2). The CDs can form inclusion complexes with many
organic and inorganic compounds that change their physical and chemical
properties. This property has a particular importance giving an extensive application
of CDs in pharmaceutical, chemical, agricultural, cosmetic and food industries (3, 4).

CGTase is usually a monomeric enzyme, which is part of the glycoside
hydrolase family 13 (a-amylase family) that presents a sequence of amino acids,
which reveals a structural similarity (5, 6). Members of this family contain a catalytic
(B/a)8 barrel and use an a-retaining mechanism but they display a variety of reaction
specificities (7). Generally, a-amylases catalyze a reaction of hydrolysis of the amido
residues, but CGTase can catalyze mainly transglycosylation reactions (cyclization
and disproportionation coupling), and a low hydrolytic activity (8,9)

Since the discovery of CGTase from Bacillus macerans in 1903 (10), the
production of the CGTase enzyme has been studied in several lineages of bacteria,
mainly in genus as Bacillus, Paenibacillus, Pseudomonas, Klebsiella, Xanthomonas,
Thermococcus, Vibrio, Geobacillus, and Thermoanaerobacterium (11, 12, 13, 14).
The enzymes obtained from these microorganisms have different properties such as
thermal stability, optimum pH, molecular mass and ability to form CDs (15) and have
variable similarity in amino acid sequence, between 47 and 99% (6).

Most CGTases vyields a mixture of CDs, whose proportion will varies
depending on the bacterium of origin, the time and conditions for reaction (16), but
under a usual conditions the formation of 3-CD occurs in larger quantities (15). Qi
and Zimmermann (2005) listed 31 different CGTases, only two of which produced
strictly predominant B-CD. To isolate cyclodextrins from a mixture of a, B and v -CD,
expensive separation techniques are usually applied. Then, if one type of CD is

produced in high proportion, one attractive CGTase would be characterized. So it's
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important isolate microorganisms that produce CGTase, especially, in order to obtain
large quantities of enzymes able to synthesize a particular type of CD. So it's
important to isolate microorganisms that produce CGTase, especially, in order to
obtain large quantities of enzymes able to synthesize a particular type of CD. Thus,
as until now has not been described CGTase production by S. maltophilia, the
isolation, cloning and expression of this gene is necessary to obtain high amounts of
recombinant protein using an expression vector. In this work, we describe the
amplification, molecular cloning and expression of the cgt gene of S. maltophilia,
isolated from Brazilian soil. So, this is the first report which shows the cloning and

heterologous expression of enzyme CGTase of S. maltophilia.

Materials and methods

Bacterial stains and plasmids

Stenotrophomonas maltophilia strain was acquired by André Tosello
Foundation (Campinas, Sdo Paulo — Brazil) collection number CCT 7524. This strain
was cultivated in alkaline media containing 2% of soluble starch, 5% yeast extract,
5% peptone, 0.2% MgSO,, 1% KH,PO,4 with pH 9.7 to 10 overnight. Escherichia coli
DH10B obtained from Novagen (Madison, USA) was used as host for cloning of PCR
product. Plasmid pET23a+ (Novagen) was used as the expression vector. E. coli
BL21(DE3) was used as expression host. E. coli strains were grown in Luria—Bertani

(LB) media supplemented with the appropriate antibiotics at 37-C.

Bioinformatics analysis

Bioinformatics analysis was performed using NCBI data bank, sequence
analysis and comparison were performed with CLUSTAL W program and homology
search was performed using BLAST search algorithm. Thus, identified cgt gene in
the genome of S. maltophilia and an additional protein was observed in the operon
anchoring cgt gene. This protein is part of the Major Facilitator Superfamily, and is

described as Putative Major Facilitator Transmembrane Protein (PMFTP).

Identification of cgt gene in S. maltophilia and cloning procedures
The total DNA of S. maltophilia was isolated with a DNA Genomic Extraction

Kit (Invitrogen). The design of syntetic oligonucleotide primer used for PCR
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amplification of cgt gene (5-ggactaatgcgtggtgtcctggetgt-3°  and  5'-
aagcttctaccgccccagacgcetggt-3') and of mft gene (5 -ggactaatgaatcgtcccgccaaaccg-
3' and 5'-caagcttcacaccacctccggacggg-3') were based on the complete genome
sequence of S. maltophilia K279a (17). These primers were complementary to,
respectively, the amino-terminal coding and carboxyl-terminal non coding cgt gene
and of mft gene containing 5" Ndel and 3 Hindlll restriction sites in bold. The first pair
of primers were used to amplify the S. maltophilia cgt gene (1719 pb) from genomic
DNA using Tag DNA polymerases (Invitrogen) under the following conditions 94°C for
280 seconds followed by 35 cycles of 94°C for 60 seconds, 58°C for 60 seconds, and
72°C for 120 seconds. The resulting cgt PCR fragments was purified using PCR
Purification Kit (Invitrogen) and ligated into the pCR®-Blunt [I-TOPO (Invitrogen)
vector. The recombinant plasmid blunt::cgt was transformed in eletrocompetent E.
coli DH10B cells (Invitrogen), and selected on LB agar plates containing 50pg mL™
kanamycin. Single colonies were selected and the recombinant plasmid was
extracted using PureLink® Quick Plasmid Miniprep Kit (Invitrogen), the recombinant
plasmid was digested with Ndel and Hindlll, and purified. The resultant cgt gene was
cloned in the pET-23a(+) vector (Novagen), under the control of the T7 promoter
(isopropyl B-D-thiogalactopyranoside inducible) and transformed by heat shock into
E. coli BL21(DE3) cell (Novagen), that has been called recombinant cgt gene (cgtR).
Nucleotide sequences of the cgtR carried by plasmids were determined by DNA
sequencing that was carried out using the BigDye ® Terminator V3.1 Cycle
Sequencing Kit (Applied Biosystems). Then, analysis of the fragments was
processed through an automatic sequencer ABI PRISM 3130 Genetic Analyzer
(Applied Biosystems). Sequence analysis and comparison were performed with
CLUSTAL W program (18). Homology search was performed using BLAST search
algorithm (19).

The second pair of primers were used to amplify the S. maltophilia mft gene
(1.485 pb) from genomic DNA using Tag DNA polymerases (Invitrogen) under the
following conditions 94-C for 280 seconds followed by 35 cycles of 94°C for 60
seconds, 62°C for 60 seconds, and 72°C for 120 seconds. This DNA amplification
required the presence of 10% Dimethy sulfoxid (DMSO) in the reaction mixture.
DMSO is a co-solvent that improves GC-rich DNA desnaturation and helps to
overcome the difficulties of polymerase extension through secondary structures,

altering the structural conformation of DNA templates. PCR product was purified from
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agarose gel, and the expected size of fragment (1.495 pb) was confirmed. Nucleotide
sequences of the mft gene were determined by DNA sequencing that was carried out
using the BigDye ® Terminator V3.1 Cycle Sequencing Kit (Applied Biosystems).
Then, analysis of the fragments was processed through an automatic sequencer ABI
PRISM 3130 Genetic Analyzer (Applied Biosystems). Sequence analysis and
comparison were performed with CLUSTAL W program (18). Homology search was

performed using BLAST search algorithm (19).

Heterologous expression

The recombinant plasmid pET-23a(+)::cgt was transformed by heat shock into
E. coli BL21 (DE3) cell (Novagen), and selected on LB agar plates containing 50ug
mL™* ampicilin. Single colonies were used to inoculate 50 mL LB medium, and grown
at 37°C and 180 rpm overnight, without addition of isopropyl B-D-
thiogalactopyranoside (IPTG). This culture was used to inoculate 50mL of LB
medium (in 250mL shake flask) with an initial OD 600nm of 0.1. Protein expression
was induced by addition of IPTG 0,21mM at OD 600nm between 0.8 and 1. Effects of
the post induction time on the CGTase production were also investigated. For protein
expression analysis, cells were harvested by centrifugation at 5,000g for 20 min at
4°C, 1 mg of cells were ressuspended in 500 pl of phosphate buffer 0,1M, disrupted
by sonication, and cells debris removed by centrifugation at 10,000g. Both soluble
and insoluble fractions were analyzed by SDS-PAGE 12% (20). All experiments were
performed at least twice and the control experiments were performed under the same
experimental conditions using E. coli host cells were transformed with the expression

vector lacking the target gene.

Experimental design

For optimization of recombinant protein expression levels of temperature and
time of cultivation were studied through experimental design, using the Response
Surface Methodology (RSM) (Table 1), with the response to recombinant protein
expression. For this two-factor experiment was conducted in an experimental design
based on a star 2 full factorial experiment, which consisted of four points with three
replicates at the center point and four-point star (points where one of the factors is
distanced from the center point of £ a, while the other two factors are positioned at

zero).
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Solubilization of recombinant CGTase
The method used to solubilize the recombinant CGTase with Urea 8M. Then,
the enzyme was extensively dialyzed in cellophane membrane with pores of 10,000

Da against 0.1 M phosphate buffer (pH 6).

Results and Discussion

PCR products of approximately 1700 bp were successfully amplified from the
genomic DNA of S. maltophilia, corresponding to the expected size for the cgt gene.
Sequence analysis of the 1719 bp PCR product, demonstrated that this product
corresponded to 572 deduced amino acids. The sequence was subjected to a search
against all known sequences in databases using blastn and blastx searches (data not
shown). The amino acid sequence of this gene exhibited high similarity with other
CGTases, showing the highest similarity of 99% with Stenotrophomonas maltophilia
K279a and another stains of Stenotrophomonas maltophilia, followed by
Xanthomonas axonopodis pv. citrumelo F1.

Following, PCR fragment was inserted into pCR®-Blunt 1I-TOPO vector and
eletroporated in to E. coli DH10 cells. In the blunt-end cloning, the insert and plasmid
were linearized, and had no overhanging bases at their termini. It does not benefit
from the hydrogen bond stabilization associated with the complementary
overhanging bases used in cohesive-end cloning, but the transient associations of
the available 5 phosphate and 3’ hydroxyl groups are sufficient to produce
successful clones (21). The fragment isolated of blunt-end cloning was cloned into
PET23a(+) expression vector between Ndel and Hindlll restriction sites, enzymes
that were also used to confirm the expected fragment size (Figure 1 — A), and called
cgtR (recombinant cgt gene). DNA sequencing of the cgtR by dideoxy chain
termination method confirmed the identity of the cloned PCR product.

Recombinant plasmid was introduced into E. coli BL21(DE3) host cells by heat
shock, the clones were selected on LB agar plates containing 50ug mL™ ampicilin,
single colonies were inoculated in 50 mL LB medium and the protein expression was
induced by addition of IPTG 0,1mM. Unfortunately, recombinant CGTase (rCGTase)

remained in the insoluble fraction (Figure 1 - B).
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Homology search was performed using BLAST search algorithm (19) and
identify conserved regions I, Il, lll, IV and V described in a-amylase family members
(Figure 2) in deduced amino acid sequence of CGTase of S. maltophilia. Alignment
of the conserved regions was performed with ClustalW program (18) between 4
microorganisms showing the amino acid conservation between species (Figure 3).
From the multiple sequence alignment, the five highly conserved regions labelled |-V
and located in the catalytic domain were found. These conserved regions would
constitute the active center of the enzyme since it contained the three catalytic
residues Asp229, Glu257, and Asp328 were also identified.

It should be pointed out that a screening of experimental conditions was
carried out to obtain high yield of recombinant protein expression, including
temperature of growth and time of growth after IPTG induction. In the pET vector
system, target genes are positioned downstream of the bacteriophage T7 late
promoter. Typically, production hosts contain a prophage (ADE3) encoding the highly
prossessive T7 RNA polymerase under control of the IPTG-inducible lacUV5
promoter that would ensure tight control of recombinant gene basal expression (23).

Then, for optimization of recombinant protein expression levels of temperature
and time of cultivation were studied through experimental design, using the
Response Surface Methodology (RSM), and the best results were obtained from
grown for 4 hours after IPTG induction at 32,5 °C in LB medium (Figure 4). These
conditions were established in attempt to avoid the formation of inclusion bodies and
increase the solubility of the recombinant protein. Usually, it is chosen to decrease
the temperature and the cultivation time. These conditions are primarily related to the
following factors: a) the hydrophobic interactions that promote the formation of bodies
inclusion, which are dependent on high temperatures, b) the partial elimination of
heat shock proteins that have proteolytic activity and are active during conditions of
over-expression, and c) the chaperones of the host bacterium that are in higher
concentration in the cytoplasm in growth temperatures (24, 25).

One of the aims of this study is to confirm the correct assignment to the
structural gene encoding CGTase, efforts were made to express recombinant S.
maltophilia soluble rCGTase, but it is not possible to guarantee that they will yield
large amounts of biologically active product (26). In addition, a number of protocols

were tested to obtain the rCGTase in the soluble fraction but were ineffective.
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Like all other proteins, CGTases are originally produced in the cytoplasm, but
expressing them out into the periplasm or further to the culture media is preferred
due to several advantages such as simplified downstream processing. Since E. coli
other does not normally secrete extracellular proteins, many strategies have been
tried to overcome this drawback using the recombinant technologies (27).
Unfortunately, over secretion of the recombinant proteins most of the time results in
the formation of inactive protein aggregates, called inclusion bodies, generally
consequence of the methods employed to increase the protein secretion. Tesfai and
cols in 2012 (28) described strategies to improve enhancement of extracellular
secretion of CGTase, including co-expression of molecular chaperones, construction
of expression plasmid and selection of promoters systems, use of signal peptides to
improve secretion enhancement of recombinant proteins in E. coli, cultivation
strategies (medium supplements, time and temperature of cultivation) and
fermentation optimization to increase the vyield of extracellular recombinant protein
production.

The use of E. coli as a vector to develop an effective protein expression
system has been used in many studies, which obtained higher levels expression of
recombinant protein when compared expression of the same protein in other vectors,
such as the genus Bacillus. In practice, it is interesting to test different combinations
of vector / host to obtain the highest possible yield of protein in your desired shape.
Thus, it is of great importance to expand studies using other combinations of vectors
that could possibly obtain the target protein in large quantities and in the soluble
fraction.

Can also be make an analysis of the relationship between preference codons
and level of expression (29). Zhou and cols in 2012 (30) used systematic
optimization of codons for production of a-CD using Bacillus megaterium as host,
obtaining significant results when compared to the same process in E. coli, which has
no efficient secretory system. Even using the systematic optimization of codons,
enzyme production still remained low, necessitating the process of fed-fermentation,
which is a very complicated process (31).

The solubilization of the rCGTase from the native strain (S. maltophilia) was
extremely hampered, because the enzyme stayed in the insoluble fraction (Figure 5)
and also by the viscosity of the extract crude, probably due to the presence of

polysaccharides of unknown nature. In the aim to overcome this problem, we have
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tested the procedure used to purify the wild type CGTase (32). The crude extract was
concentrated using urea 8M saturation and the enzyme was extensively dialyzed in
cellophane membrane with pores of 10,000 Da against 0.1 M phosphate buffer (pH
6). But even after steps dialysis the highest percentage of the enzyme remained in
the insoluble fraction. For this reason, we test different concentrations of urea
precipitation, but were ineffective.

Advances have been made with respect to knowledge of translocation of
proteins across the plasma membrane of E. coli, as well as integration of proteins
into the membrane. Protein targeting to the E. coli internal membrane can occur via
the secretion (Sec) pathway or the signal recognition particle (SRP) pathway. The
extensively studied Sec pathway utilizes a cytosolic chaperone, SecB that binds post
translational to the mature region of pre-proteins. The SecB pre-protein complex is
targeted to the membrane, where SecA is activated for high-affinity recognition of the
complex by the membrane-embedded bacterial translocon (33). SecB is released
from the pre-protein SecA and drives them in a translocation by mediating repeated
cycles of ATP binding and hydrolysis (34).

In order to develop a new and effective system for expression of the rCGTase
in E. coli, as the expression of the recombinant protein was excellent in this vector,
the prospect is to develop a new system of co-expression in order to express the
recombinant protein extracellular. Then, bioinformatics analysis was performed and
observed that in the genome of S. maltophilia there is a protein anchoring cgt gene
that is part of the Major Facilitator Superfamily, and is described as Putative Major
Facilitator Transmembrane Protein (PMFTP) (Figure 6). This gene has been isolated
by our group and studies are being developed for elaboration of the system of co-
expression. PCR products of approximately 1400 bp were successfully amplified from
the genomic DNA of S. maltophilia, corresponding to the expected size for the mft
gene. Sequence analysis of the 1488 bp nucleotide sequence, demonstrated that this
product corresponded to 496 deduced amino acids. The sequence was subjected to
a search against all known sequences in databases using blastn and blastx searches
(data not shown).

From this discovery, and as E. coli lacks this gene present in the genome, his
absence may have directly influenced the location problem of the recombinant
enzyme. Then the attempt to solve the problem, maybe the co-expression of the mft

gene could easily be exported to the supernatant rCGTase in biologically active form.
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We are developing a system for co-expression of rCGTase::PMFTP in E. coli. In the
expression system that was constructed utilizing the cgt::pet23a(+), was obtained an
excellent expression in E. coli rCGTase, so the prospect is improving the techniques
described, employed for the expression of the protein, as well as the cultivation
strategies, and then proceed to purification of rCGTase as well as evaluating catalytic
activity, which until now could not be assessed due to the problems encountered in

attempting to solubilize the recombinant protein.

Conclusions

The cgt gene from S. maltophilia was successfully isolated and cloned into
pET-23a(+) and a protein of approximately 60KDa, correspondent the size expected
to CGTase was over expressed in E. coli BL21(DE3). Unfortunately, the protein was
over expressed as an inclusion body remaining in the insoluble fraction.
Solubilization protocols were tested in an attempt to makes soluble, in vain.
Bioinformatic analysis was performed and it was observed a Putative Major
Facilitator Transmembrane Protein (PMFTP) harboring the cgt gene, which may be
employed to develop new and effective system for expression of enzyme, since this
protein can facilitate the recombinant CGTase to be over expressed extracellularly.
So, it's necessary work to develop a system for co-expression of rCGTase::PMFTP
in E. coli and obtain more informations from this Stenotrophomonas maltophilia
protein.
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Figure 1: A) Agarose gel 1%. Lane 1 and 2: simple enzymatic digestion indicating
fragments with approximately 5.200 pb. Lane 3: double enzymatic digestion
indicating a fragment with approximately 1.700 pb and other fragment with
approximately 3.500 pb. Lane M: molecular weight marker. B) Protein samples
loaded onto the 12% SDS-polyacrylamide gel were stained with Coomassie Brilliant
Blue. Lane M: molecular weight marker. Lane N: negative control of heterologous
expression. Lane 1: insoluble fraction showing recombinant protein with about 60

kDa. Lane 2: soluble fraction.
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MMRGVLAVAVSLALFAGQAAAAPRPDYVGTTEPFASDAVYEFVVTDREVNGDPSNDHRDQGGAHRTEDIPV
PCPDKVDGNIGYLGGDFRGVLDNAQYIRNLGFGAVWITPIVDNPDEAFTGSKPISCTSTLTDRGKTGYHG
YWGINFYKLDEHLPSRGLDFAGLTKGLHGAGLKVVLDIVGNHGSPAWTMPTROQPQFGQIFDKDGKLIADH
QNLPPQKLDPKHNPLHAFYINIGPVDSKDGSIFDGNLAELSIFNIDNPAVMDYLVGAYLQWTAQGVDALR
IDTIGWLPHPWWHEFVKRIRAEHPGMFMFGEAFDYDAARIAEHTWPAIANVSVLDFPLRGALEQTFGTAG
KGFETLAEPLHLSGGPYANPYELMSEYDNHDMPRLOASDDGFIDAHNWLEFTARGIPVVYYGSETGFMRGR
AEHAGNRAYFGQPRVDAAPKSPIFAPLOQRIARLREATPALQRGLOVNERLOQGDEAVFLRVLOHGEVAQTA

LVLLNKGDHARTLTVARFVQSGRWRDALDGGSLQVNGPLKADVPAHGVKVYVLDAAVQQPALQAELDKAM
ADQKARDQRLGR

Figure 2: Deduced amino acid sequence of cloned cgt gene demonstrating
conserved regions in I, II, lll, IV and V described in a-amylase family members. Color
Code: GREEN: catalytic aspartate and glutamate; YELLOW: functional histidine;
PINK: aspartate binding of Ca?*; BLUE: invariant arginine (22). RED: conserved
regions would constitute the active center of the enzyme with three catalytic residues
Asp229, Glu257, and Asp328.
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Figure 3: Comparison of the deduced amino acid sequences related CGTase. The
five highly conserved amino acid I, II, Ill, IV and V are shaded in yellow, and the
conserved residues of CGTase protein from different microorganisms: 1
Stenotrophomonas maltophilia (GenBank code number @i|190573204), 2
Xanthomonas axonopodis pv. citri str. 306 (GenBank code number gi|21243327), 3
Paenibacillus sp. JB13 (GenBank code number gi|172054128) and 4 Bacillus sp. I-5
(GenBank code number @gi|39933006), are shaded in gray. The numbering stars
after the respective signal sequence, with identity (*), strongly similar (:), and weakly

similar (+).



Table 1: Array, levels of the studied factors and total treatments.

Tratment Encoded Values Actual Values

Temperature (x;) Time(xy)  Temperature Time
1 -1 -1 27°C 15h
2 +1 -1 38°C 15h
3 -1 +1 27°C 6,5h
4 +1 +1 38°C 6,5 h
5 -1,41 0 25°C 4,0 h
6 0 -1,41 32,5°C 0,5h
7 +1,41 0 40° C 4,0h
8 0 +1,41 32,5°C 7,5h
9 0 0 32,5°C 4,0 h
10 0 0 32,5°C 4,0h
11 0 0 32,5°C 4,0 h
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N 1 2 3 4 5 6 7 8 9 10 1
2 250 Kda

M

250 Kda
150 kDa ' 150 kDa
100 kDa 100 kDa
75 kDa - T75kDa
50 kDa 30 kDa
37 kDa 37 kDa
25 kDa

Figure 4: Lane M: molecular weight marker. Lane N: negative control of
heterologous expression. Lane 1 to 11 representing the treatments set in

experimental design (Table 1).
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Figure 5: Lane M: molecular weight marker. Lane N: negative control of
heterologous expression. Lane 2 and 4: intracellular fraction after sonication and
after attempted precipitation with urea. Lane 1 and 3: extracellular fraction after

sonication and attempted precipitation with urea.
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Xanthomonas campestris 33913 L
Xanthomonas campestris B100 -
Xanthomonas axonopodis 306 &
Xanthomonas campestris 8510 -
Stenotrophomonas maltophilia K279a S H e
Stenotrophomonas maltophilia R551 T

Predicted Functional Partners

B Smit1175 - putative TonB dependent receptor protein (551 aa)
Smiti1Ts - putative TonB dependent receptor protein (351 aa)
Smit117T6 - putative alpha-glecosidzse protein (583 aa)
Smiti17TT - hypothetical protein {T52 aa)
Smit117T8 putative Major Facilitator Superfamily transmembrane protein (435 aa)
amyM - putative cyclomaltodestrin glucanotransferase precursor (572 aa)
Smit1180 - hypothetical protein (128 3a)
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Figure 6: A) Schematic design showing the operon of different species of
Xanthomonas and Stenotrophomonas. B) Schematic design showing the relationship
of the cgt gene (AmyM) with protein operon, especially the direct link with the
facilitator transmembrane putative protein (SmIt1178). *Obtained of STRING
database (35).
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CONSIDERACOES FINAIS

Uma andlise bioinformatica foi realizada, onde foi observado o gene
codificador a enzima CGTase no genoma de S. maltophilia, este gene foi isolado e
clonado com sucesso o vetor pET-23a(+) e uma proteina com aproximadamente 60
kDa, foi sobre expressa em E. coli BL21(DE3) e observada em SDS-PAGE 12%,
correspondendo ao tamanho esperado para a CGTase. Porém, a CGTase
recombinante foi expressa sob forma de corpos de inclusdo permanecendo na
fracdo insolivel e mesmo apds varias tentativas de solubilizacdo, utilizando
diferentes métodos e diferentes concentracbes de uréia, a precipitacdo nao foi
efetiva. Embora tenha sido observada uma expressao elevada da proteina com
cerca de 60 kDa em SDS-PAGE 12%, a forma ativa da enzima nao foi obtida.

Dentro do operon existe uma proteina conhecida como uma importante
possivel facilitadora transmembrana (PMFTP — putative Major Facilitator
Transmembrane Protein) que ancora 0 gene cgt. Proteina esta que pode auxiliar a
CGTase a se tornar extracelular, podendo ser utilizada em novos estudos a fim de
desenvolver um novo e mais eficaz sistema para expressédo da CGTase e facilitar a
sua expressao extracelular. Assim, mais estudos sao necessarios para desenvolver
um sistema de co-expressdao de rCGTase::PMFTP em E. coli e obter mais

informacdes desta proteina de Stenotrophomonas maltophilia.

Perspectivas

1. Sera realizado o sequenciamento da proteina alvo do estudo e ja expressa,
para identificacdo dos aminoacidos e confirmacédo da sua identidade.

2. Desenvolver o sistema de co-expressao rCGTase:PMFTP em E. coli,
caracterizar, purificar e verificar a atividade biologica da enzima CGTase.

3. Caso este sistema nao funcione tentar desenvolver um sistema de expressao

em Bacillus megaterium ou Bacillus subtilis.
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APENDICE 1

amyM putative cyclomaltodextrin glucanotransferase [Stenotrophomonas maltophilia
K279a ]

Gene ID: 6395359
Locus tag: SmIt1179

amyM putative cyclomaltodextrin glucanotransferase:
>0i|190572091:1227582-1229300 Stenotrophomonas maltophilia K279a
chromosome, complete genome

GTGATGCGTGGTGTCCTGGCTGTTGCTGTTTCCCTTGCCCTGTTCGCCGGCCAGGCCGCGGCCGLCGCCGL
GCCCGGACTACGTCGGCACCACCGAGCCGTTCGCCAGCGATGCGGTGTACTTCGTGGTCACCGACCGCTT
TGTCAACGGTGACCCGTCCAACGACCATCGTGACCAGGGTGGCGCGCACCGCACCTTCGATATCCCGGTG
CCATGCCCGGACAAGGTGGACGGCAACATCGGCTATCTCGGCGGCGACTTTCGCGGCGTGCTCGACAATG
CGCAGTACATCCGCAACCTGGGCTTCGGTGCGGTGTGGATCACGCCCATCGTCGACAACCCGGACGAGGC
CTTTACCGGCAGCAAGCCGATCAGCTGTACCAGCACGCTGACTGATCGTGGGAAGACCGGTTACCACGGC
TACTGGGGCATCAATTTCTACAAGCTCGACGAGCACCTGCCGAGCAGGGGCCTGGACTTCGCCGGGCTGA
CCAAGGGCCTGCACGGTGCTGGCTTGAAGGTGGTGCTGGATATCGTAGGCAACCACGGTTCGCCGGCCTG
GACCATGCCGACACGGCAGCCGCAGTTCGGGCAGATCTTCGACAAGGACGGAAAACTGATCGCCGACCAC
CAGAACCTGCCGCCGCAGAAACTGGATCCGAAGCACAACCCGTTGCACGCGTTCTACAACAACATCGGTC
CGGTCGACAGCAAGGACGGCTCGATCTTCGACGGCAACCTGGCCGAGCTGTCGGACTTCAACCAGGACAA
TCCGGCGGTGATGGACTACCTGGTCGGCGCCTACCTGCAGTGGACCGCGCAGGGCGTGGACGCGTTGCGL
ATCGACACCATCGGCTGGCTGCCGCACCCGTGGTGGCATGAATTCGTCAAGCGCATCCGCGCCGAGCATC
CGGGCATGTTCATGTTCGGCGAAGCGTTCGACTACGATGCCGCGCGCATCGCCGAGCACACCTGGCCCGL
CAACGCGAACGTGAGCGTGCTCGATTTCCCATTGCGCGGCGCGCTGGAGCAGACCTTCGGCACCGCCGGL
AAGGGCTTCGAAACCCTGGCCGAGCCGCTGCACCTGAGCGGCGGACCGTACGCCAACCCGTACGAGCTGA
TGAGCTTCTACGACAACCACGACATGCCGCGCCTGCAGGCCAGCGACGATGGTTTCATCGATGCGCACAA
CTGGCTGTTCACCGCGCGCGGCATTCCGGTGGTCTACTACGGTTCGGAGACGGGCTTCATGCGTGGCCGT
GCCGAGCATGCCGGCAATCGTGCGTACTTCGGCCAGCCGCGTGTGGATGCGGCGCCGAAGAGCCCGATCT
TCGCGCCGCTGCAGCGTATCGCCAGGCTGCGCGAAGCCACCCCGGCGCTGCAGCGCGGCCTGCAGGTGAA
CGAGCGCCTGCAGGGCGATGAGGCAGTGTTCTTGCGCGTGCTGCAGCATGGCGAGGTGGCGCAGACCGCG
CTGGTGCTGCTGAACAAGGGCGACCACGCCAGGACCCTCACCGTGGCGCGTTTCGTCCAGTCCGGCCGCT
GGCGCGATGCGCTGGACGGCGGTTCGTTGCAGGTGAACGGTCCGCTGAAGGCCGACGTGCCCGCGCACGG
CGTGAAGGTCTATGTGCTGGACGCTGCCGTGCAGCAGCCGGCGCTGCAGGCCGAGCTGGACAAGGCGATG
GCCGACCAGAAGGCGCGGGACCAGCGTCTGGGGCGGTAG

amyM putative cyclomaltodextrin glucanotransferase:

>gi|190573204|ref|[YP_001971049.1| putative cyclomaltodextrin glucanotransferase
[Stenotrophomonas maltophilia K279a]

MMRGVLAVAVSLALFAGQAAAAPRPDYVGTTEPFASDAVYFVVTDREFVNGDPSNDHRDQGGAHRTFDIPV
PCPDKVDGNIGYLGGDFRGVLDNAQYIRNLGFGAVWITPIVDNPDEAFTGSKPISCTSTLTDRGKTGYHG
YWGINFYKLDEHLPSRGLDFAGLTKGLHGAGLKVVLDIVGNHGSPAWTMPTRQPOFGQIFDKDGKLIADH
ONLPPOKLDPKHNPLHAFYNNIGPVDSKDGSIFDGNLAELSDEFNQDNPAVMDYLVGAYLOWTAQGVDALR
IDTIGWLPHPWWHEFVKRIRAEHPGMEFMFGEAFDYDAARIAEHTWPANANVSVLDEFPLRGALEQTFGTAG
KGFETLAEPLHLSGGPYANPYELMSFYDNHDMPRLOQASDDGFIDAHNWLEFTARGIPVVYYGSETGFMRGR
AEHAGNRAYFGQPRVDAAPKSPIFAPLORIARLREATPALQRGLOVNERLOQGDEAVFLRVLOQHGEVAQTA
LVLLNKGDHARTLTVARFVQSGRWRDALDGGSLQVNGPLKADVPAHGVKVYVLDAAVQQPALQAELDKAM
ADQKARDQRLGR
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APENDICE 2

major facilitator superfamily transmembrane protein [Stenotrophomonas maltophilia
K279a]

Gene ID: 6392386
Locus tag: SmIit1178

>0i|190572091:1226098-1227585 Stenotrophomonas maltophilia K279a
chromosome, complete genome
ATGAATCGTCCCGCCAAACCGCAGCTGTCGTTCTGGCAGATCTGGAACATGTGTTTCGGCTTCCTCGGCA
TCCAGTTCGGGTTCGCCCTGCAGAACGCCAACGCCAGCCGCATCTTCGAGACGCTGGGTGCGGACATCGA
CGCGGTACCCGGGCTGTGGATTGCCGCGCCGCTGACCGGCCTGCTGGTGCAACCGGTGATCGGTTACCTG
TCCGACCGCACCTGGACCCGCTGGGGTCGTCGTCGTCCGTACTTCATGATCGGTGCGGTGTTGACCACGC
TGGCGCTGCTGGTGATGCCGAACTCGCCGACGCTGTGGATCGCGGCCGGCACGCTGTGGGTGCTGGATGC
TTCGATCAACGTATCGATGGAGCCGTTCCGTGCCTTTGTCGGCGACCAGCTGGCGCCACGCCAGCGTCCG
GCCGGCTACGCGATGCAGAGCTTCTTCATCGGCGTGGGCGCCATCGTCGCCAGCTTCCTGCCATTCATCC
TGGCCCACTTCGGCGTTGCCAACACCGCGGCCGCCGGGGAAGTGCCCGACACTGTGCGCTATGCGTTCTA
CTTCGGCGCGGTGGTGCTGCTCGCGGCGATCACTTGGACGGTGGTCAGCACCCGCGAATATTCACCAGCG
GAGCTGGCCGGGTTCGATGATGCCGAGCCACCGGAACATCACGCGGCGGCCGCGATCAACGGCCCGGCTT
CATGGACGCGGGTGACCCTGTGGCTTGGGTTGGGTGTGTTGCTGGCGCTGCTGATCACCTGGCGGCAAGG
CGACAGGATGCTGTACGTGCTGGCCGGCCTGTGCGCCGGCTACGGCCTGCTGCTGGCGGCGGCGCGCGLG
CTGCCGGCCACGCATATGCTGGCCGCCATCGTCGGCGACCTGCGCGCGATGCCGGTCACCATGCGCCGCC
TGGCGTGGGTGCAGTTCTTCTCGTGGTTCGCGCTGTTCGCCATGTGGATCTACACCACCGCTGCGGTGGC
CGGTACCCACTTCGGTTCGACCGATCCACAGTCGGCCGCCTACAACGAAGGTGCCAACTGGGTGGGCGTG
CTGTTTGGCGCCTACAACGGCTTCGCTGCGCTGGCGGCGGTGCTGATTCCGCCGATGGTGCGTGCGATCG
GCCTGCGCTGGAGCCACCTGGTCAACCTGTGGCTGGGCGGCGCCGGCCTGGTCTCGCTGATGTTCATCCG
CGACCCGCACTGGCTGCTGCTGTCGATGGTGGGTGTGGGCTTTGCCTGGGCCTCGATCCTGTCGTTGCCG
TATGCACTGCTGTCCGACAGCGTGCCGGCGTCGAAGATGGGTGTGTACATGGGCATCTTCAATTTCTTCA
TCGTGATCCCGCAGCTGGTGGCGGCCAGCGCGCTTGGCTTTGCCCTGCGCGCATGGCTGGGTGGCCAGCC
GATGCATGTGCTGGTGCTGGGCGGCTGCAGCCTGTTCCTGGCCGGCCTGTGCGTGCTGCGGGTTCCGTCC
CGTCCGGAGGTGGTGTGA

major facilitator superfamily transmembrane protein [Stenotrophomonas maltophilia
K279a]

>gi|190573203|ref|YP_001971048.1| major facilitator superfamily transmembrane
protein [Stenotrophomonas maltophilia K279a]
MNRPAKPQLSEFWQIWNMCFGFLGIQFGFALONANASRIFETLGADIDAVPGLWIAAPLTGLLVQPVIGYL
SDRTWTRWGRRRPYFMIGAVLTTLALLVMPNSPTLWIAAGTLWVLDASINVSMEPFRAFVGDQLAPRQRP
AGYAMQSFFIGVGAIVASFLPFILAHFGVANTAAAGEVPDTVRYAFYFGAVVLLAAITWTVVSTREYSPA
ELAGFDDAEPPEHHAAAAINGPASWTRVTLWLGLGVLLALLTITWRQGDRMLYVLAGLCAGYGLLLAAARA
LPATHMLAATIVGDLRAMPVTMRRLAWVQFEFSWEFALFAMWIYTTAAVAGTHFGSTDPQSAAYNEGANWVGV
LEFGAYNGFAALAAVLIPPMVRAIGLRWSHLVNLWLGGAGLVSLMFIRDPHWLLLSMVGVGFAWASILSLP
YALLSDSVPASKMGVYMGIFNFFIVIPQLVAASALGFALRAWLGGQPMHVLVLGGCSLFLAGLCVLRVPS
RPEVV
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APENDICE 3

NC_010943.1

[ 1221620 P [ 1230728 p

Fmltll7e Fmltl17TE Fmltllsn

Emlt1177 maH—*SmltiiSE
Smltl1d1

Esquema demonstrando o operon, onde se pode observer a proteina possivel
facilitadora transmembrana (PMFTP — putative Major Facilitator Transmembrane

Protein) que ancora o gene cgt, alvo deste trabalho.
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APENDICE 4

Alinhamento da sequencia de nucleotideos descritos para o cgt gene
depositado no GenBank gene ID 6395359 (1), com o resultado do seqiienciamento
do fragmento amplificado utilizando os primers desenhados para o cgt gene de S.
maltophilia (2). Alinhados através do programa ClustalW. Os asteriscos (*) abaixo

das sequéncias indicam a identidade.

1 GTGATGCGTGGTGTCCTGGCTGTTGCTGTTTCCCTTGCCCTGTTCGCCGGCCAGGCCGCG 60
2 mmme——— GAATATCCGCGCTG-————————— CGTCGCACAG—-—-—--- CGTCTGGG--GCG 35
LUK KKKk Kk kK X Kk kK Kok kk ok kK kKK
1 GCCGCGCCGCGCCCGGACTACGTCGGCACCACCGAGCCGTTCGCCAGCGATGCGGTGTAC 120
2 GTAGAGCTAGG---AGACTACGTCGGCACCACCGAGCCGTTCGCCAGCGATGCGGTGTAC 92
Xk xkk | o kK k ok ok ok ok ok K ok ok k ok K ok K ok ok K ok K ok ok k ok Kk Kk ok ok ok Kk ok k kK ok ok k kK kK
1 TTCGTGGTCACCGACCGCTTTGTCAACGGTGACCCGTCCAACGACCATCGTGACCAGGGT 180
2 TTCGTGGTCACCGACCGCTTTGTCAACGGTGACCCGTCCAACGACCATCGTGACCAGGGT 152
ok ok ok kK K K Kk ko ok ok ok K Kk ko ko ok ok kK Kk ko ok ok ok ok kK ko ok ok ok K Kk ko ko ok ok ok K K ok ko
1 GGCGCGCACCGCACCTTCGATATCCCGGTGCCATGCCCGGACAAGGTGGACGGCAACATC 240
2 GGCGCGCACCGCACCTTCGATATCCCGGTGCCGTGCCCGGACAAGGTGGACGGCAACATC 212
Kok ok ok ok Kk Kk ok k ok Kk Kk ok Kk Kk ok ok ok ok Kk ok ok ok ok ok k| Kk ok K ok K ok ok ok ok K ok ok ok ok K ok K ok ok ok ok K ok ok ko
1 GGCTATCTCGGCGGCGACTTTCGCGGCGTGCTCGACAATGCGCAGTACATCCGCAACCTG 300
2 GGCTATCTCGGCGGCGACTTTCGCGGCGTGCTCGACAATGCGCAGTACATCCGCAACCTG 272
ook ok ok ok kK K Kk ko ok ok kK Kk ko ok ok ok kK ko ok ok ok ok kK ko ok ok ok ok Kk ko ok ok K kK ok kK
1 GGCTTCGGTGCGGTGTGGATCACGCCCATCGTCGACAACCCGGACGAGGCCTTTACCGGC 360
2 GGCTTCGGTGCGGTGTGGATCACGCCCATCGTCGACAACCCGGACGAGGCCTTTACCGGC 332
ok ok ok ok kK kK ko ok ok kK Kk ko kK ok ok Kk ko ok ok ok ok kK ko ok ok ok kK Kk ok ok ok K K Kk ok kK
1 AGCAAGCCGATCAGCTGTACCAGCACGCTGACTGATCGTGGGAAGACCGGTTACCACGGC 420
2 AGCAAGCCGATCAGCTGCACCAGCACGCTGACCGACCGCGGCAAGACCGGTTACCACGGC 392

KAAkKAAKAAKAA AKX XA K, *AhkhkAkhkdhkAdhkkhhkhkkh*d *Kk **k * )k KA A*AkkkhkhAk krkk khkkhkkkxk,xk%

1 TACTGGGGCATCAATTTCTACAAGCTCGACGAGCACCTGCCGAGCAGGGGCCTGGACTTC 480
2 TACTGGGGCATCAATTTCTACAAGCTCGACGAGCACCTGCCGAGCAGGGACCTGGACTTC 452

kA hkhkhkhkkhkrhkhkhkhhkhkhkhAhhkrhhkrhkhkhhhkhhkrhkhkrhhkrkhkhkhhkhkhhkrhkhkrkhk kxkkhkrxhkxk*k

1 GCCGGGCTGACCAAGGGCCTGCACGGTGCTGGCTTGAAGGTGGTGCTGGATATCGTAGGC 540

2 GCCGGGCTGACCAAGGGCCTGCACGGTGCTGGCTTGAAGGTGGTGCTGGATATCGTAGGC 512
Kk K Kk ok ok ok Kk ok ok kK Kk K ok ok ok ok ok ok ok kK kK ko ok ok ok ok ok ok kK kK kK ok ok ok ok ok ok kK Kk ok ok ok

1 AACCACGGTTCGCCGGCCTGGACCATGCCGACACGGCAGCCGCAGTTCGGGCAGATCTTC 600

2 AACCACGGTTCGCCGGCCTGGACCATGCCGACACGGCAGCCCCAGTTCGGACAGATCTTC 572

hhkhkhkhkhkhkrhkhkhhhkhkhkrhkkhkrhkhkrhkhkhhhkhkhkrhkhkrhkhkrkhkhkhkhdx ,rxhkhkrkhhkx *hkhkrhkhkxk*k

1 GACAAGGACGGAAAACTGATCGCCGACCACCAGAACCTGCCGCCGCAGAAACTGGATCCG 660
2 GACAAGGACGGAAAATTGATCGCCGACCACCAGAACCTGCCGCCGCGGAAACTGGATCCG 632

hkhkhkkhkrkhkhkrhkhkhkkhhkhkh hkhkrhhkrhkhkhhhkhkhkrhkhkrhkhkrkhkhkhkhkrhkhkrkhk hhkrkrxhkhkrhkhkxk*k

1 AAGCACAACCCGTTGCACGCGTTCTACAACAACATCGGTCCGGTCGACAGCAAGGACGGC 720

2 AAGCACAACCCGTTGCACGCGTTCTACAACAACATCGGTCCGGTCGACAGCAAGGACGGC 692
Kk Kk k ok ok ok ok ok ok kK Kk Kk k ok ok ok ok ok ok ok Kk ok k ok ok ok ok ok ok ok kK k ok ok ok ok ok ok ko Kk k kK

1 TCGATCTTCGACGGCAACCTGGCCGAGCTGTCGGACTTCAACCAGGACAATCCGGCGGTG 780

2 TCGATCTTCGACGGCAACCTGGCCGAGCTGTCGGACTTCAACCAGGACAATCCGGCGGTG 752

ok hkhkhkhkhkrhhkhhhkhhkhkhhhkhkhkrhhkhhhkhhkhkhhhkhkkhkrhhkrhkhkrhkhkhhkhkhhkhkrkxhhkxkkxk



ATGGACTACCTGGTCGGCGCCTACCTGCAGTGGACCGCGCAGGGCGTGGACGCGTTGCGC

ATGGACTACCTGGTCGGCGCCTACCTGCAGTGGACCGCGCAGGGCGTG-ACGCGTTGCGC
hokkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk Kok kkkokkkkk*

ATCGACACCATCGGCTGGCTGCCGCACCCGTGGTGGCATGAATTCGTCAAGCGCATCCGC
ATCGACACCATCGGCTGGCTGCCGCACCCGTGGTGGCATGAATTCGTCAAGCGCATCCGC

Ak kA hk kA hkhkhkhhkhkhk Ak hkhkhkhkrhkhkhkhhkhkhkrhhkhkhkhkrhkhkhkhhkhkhkrhkkhkhkhkhkrhkkxkhkkxkkxk*k

GCCGAGCATCCGGGCATGTTCATGTTCGGCGAAGCGTTCGACTACGATGCCGCGCGCATC
GCCGAGCATCCGG-CATGTTCATGTTCAGCGAAGCG-TCGACTACGATGCCGCGCGCATC

KAKKAKNAAKNIAAAKX KA AAXAARAAIhA* Kk *AhAkhkhAk Ak, KA hAAdhkAdhAhkhAhAk Ak khkhkhA kA kxh k%

GTGGCTGCCGCACCCGTGTGTGCAATAATCATCACATGCATCGCGGCCGAGCATGCCGGG

——————————————————————————————————————————————— CCGAGCACACCTG
CACGTTCATGTTCGAGGGATCGATCGAGTACGATGCGCGTCGCATAGCCGAGCACACCTT

khkkk KAk kK Kk kKKK

GCCCGCCAACGCGAACGTGAGCGTGCTCGATTT-CCCATTGCGCGGCGCGCTGGAGCAGA
GCCCGCCGACGGGAACGTGAGCGTGTTGGATTTTCCCGTTGCGCCGCGCACTGGAGCAGA

AKKhkkhkk A,k kkhkk K hkkAkhkhkk kA khkhkk kkhk * *hkk khk *kkhk* *hkkhkkhkkk K khkkk kAkhkkkkkkAkk%k

CCTTCGGCACCGCCGGCAAGGGCTTCGAAACCCTGGCCGAGCCGCTGCACCTGAGCGGCG
GCTTCGGCACCGCCAACAAGGGCTTCGAGACCCTGGCTGAGCACCTGCACCTGAGCGGTG

* ok ok ok ok ok ok ok ok ok ok kK khkkkhkkhkkhkrhkkhkhkk *khkkkkhkkkk *kxk khkkkhkkhkkhkrxkkxkk*x *

GACCGTACGCCAACCCGTACGAGCTGATGAGCTTCTACGACAACCACGACATGCCGCG-C
GCCCGTATGCCAATCCGTACGAGCTGATGAGCT-CTACGACAAACACGACATGCCGCGCC

Kk kkkkk khkhkkkhkk khkkkrhhkkhkrhkhkhkkhkhkhkkhkrhkhkdx dhrxkhkhkkhhkhk hhkrkhkhkrkrxhkhkxhkx *

CTGCAGGCCAGCGACGATGGTTTCATCGATGCGCACAACTGGCTGTTCACCGCGCGCGGC
CTTCAGGCCAGTGACAACGGCTTCATCGATGCGCACAACTGGCTGTTCACCGCGCGCGGC

kk hkkkkhkrhkhkk khkk ok kk Ak hkhkkhkhkk Ak khkhkhkhkrhkhkhkhkhkhkkrhkkhkhkhkhkrkxhkkxhkxk*k

ATTCCGGTGGTCTACTACGGTTCGGAGACGGGCTTCATGCGTGGCCGTGCCGAGCATGCC
ATTCCGGTGGTCTACTACGGTTCGGAGACGGGCTTCATGCGTGGCCGTGCCGAGCATGCC

kA hkhkhkhkkhkrhkhkhkhhkhhkhAhhkhhhkrhkhkhkhhkhhkrhhkrkhhkrkhkhkhhkhkhkhkrhkkhkrkhhkrkxhhkkxhkxk*k

GGCAATCGTGCGTACTTCGGCCAGCCGCGTGTGGATGCGGCGCCGAAGAGCCCGATCTTC
GGCAATCGTGCGTACTTCGGCCAGCCGCGTGTGGATGCGGCGCCGAAGAGCCCGATCTTC

kA hkhkhkhkhkrhkhkhkhhkhkhkhAhhkhhhkrhkhkhhhkhhkrhhkrkhhkrkhkhkhhkhkhhkrhkkhkrkhhkrkrhkhkxhkxk*k

GCGCCGCTGCAGCGTATCGCCAGGCTGCGCGAAGCCACCCCGGCGCTGCAGCGCGGLCTG
GCGCCGCTGCAGCGTATCGCCAGGCTGCGCGCAGCCACCCCGGCGCTGCAGCGCGGLCTG

R R R b I b I b b b b b b b b b b b b I b b b b b b b SR b b b b S b b b b b b b b b b b b b b b b b b b b 2 ]

CAGGTGAACGAGCGCCTGCAGGGCGATGAGGCAGTGTTCTTGCGCGTGCTGCAGCATGGC
CAGGTGAACGAGCGCCTGCAGGGCGATGAGGCAGTGTTCTTCCGCGTGCTGCACCATGGC

KA AKAAAKAAKRA AR AARA AR AR A A AR AR AR A A A AR A AR A A A A A, kA hkhkkd kA khhhkkhkx *kxk xk%

GAGGTGGCGCAGACCG-CGCTG--GTGCTGCTGAACAAGGGCGACCACGCCAGGACCCTC
GAGGTGGCGCAGACCGCCGCTGGTGTGCTGCTGAACAAGGGCGACAGGGCAAAGAGCTTC

kkhkkhkkkhkhkkkhkhkkhkhkkAkkhkrkk K(rkk* kkhkkhkkkhkhkkAhkhkkhhAkhkhkrkkhkhkkkk*% *xk k kk Kk k%

ACCGTGGCGCGTTTCGTCCAGTCCGGCCGCTGGCGCGATGCGCTGGACGGCGGTTCGTTG
ACTGTGTCGCGTTACGTCCAGGCGGGCCGCTGGCGCGATGCGCTGGACGGCGGTTCGTTG

kk kkhkk hAhkkhkhkhkkekkhkhkkhhkhkk Kk KAAAhAAAA A A A hA A A A hAk A h A Ak AkhAk A hk A x kA xk k%%

840
811

900
871

960
929

961
989

1049

1109

974
1169

1033
1229

1093
1289

1152
1348

1212
1408

1272
1468

1332
1528

1392
1588

1452
1648

1509
1708

1569
1768

64



CAGGTGAACGGTCCGCTGAAGGCCGACGTGCCCGCGCACGGCGTGAAGGTCTATGTGCTG

CAGGTGAACGGTCTGCTGAAGGCCGACGTGCCCGCGCACGGCGTGAAGGTCTATGTGCTG
Kok kK ok ok ok ok ok ok ok ok ok ok kK ok ok ok ok ok ok ok kK ok ok ok ok ok ok ok kK ok ok ok ok ok ok ok kK k ok ok ok ok ok ok k ok Kk kK

GACGCTGCCGTGCAGCAGCCG-GCGCTGCAGGCCGAGCTGGACAAGGCGATGGCCGACCA
GACGCTGCCGTGCAGCAGCCGTGCGACATATGCGTAGTGTGCCTAGCTGCTGATGATACA

khkkhkkhkkhkrhkkrkhkkhkrhkkkhkkxk *k*x * kK * % * ke kK * kK .« kK

GAAGGCGCGGGACCAGCGTCTGGGGCGGTAG 1719
GAGAGTGCGG-——————==——————————-- 1898

* K * kK kK

1629
1828

1688
1888

65
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APENDICE 5

Alinhamento da sequencia de nucleotideos descritos para o mft gene
depositado no GenBank gene ID 6392386 (1), com o resultado do sequenciamento
do fragmento amplificado utilizando os primers desenhados para o mft gene de S.
maltophilia (2). Alinhados através do programa ClustalW. Os asteriscos (*) abaixo

das sequéncias indicam a identidade.

1 ATGAATCGTCCCGCCAAACCGCAGCTGTCGTTCTGGCAGATCTGGAACATGTGTTTCGGC 60
2 mmmmmme GCGCAG----TGTTCTGGCAGATCTGG-ACATGTGTTTCGGC 37
* Kk kk Kk KAXAKAKRAKNAKAA KA AR AKX XA AkArAk Ak rA kA hxx k%
1 TTCCTCGGCATCCAGTTCGGGTTCGCCCTGCAGAACGCCAACGCCAGCCGCATCTTCGAG 120
2 TTCCTCGGCATCCAGTTCGGGTTCGCCCTGCAGAACGCCAACGCCAGCCGCATCTTCGAG 97
R R R IR I R I b I b b b 2 b b b 2 b db b 2b b b b db O 2 b 2 b 2b Sb b b 2 b S b 2b b 2b S 2 db db db b b 2b b 2b b 2 b 2h b 2b b 2 3
1 ACGCTGGGTGCGGACATCGACGCGGTACCCGGGCTGTGGATTGCCGCGCCGCTGACCGGC 180
2 ACGCTGGGTGCGGACATCGACGCGGTACCCGGGCTGTGGATTGCCGCGCCGCTGACCGGC 157
R R R IR I R I b I b b b 2 b 2 b 2 b b b 2b b b b db db 2 b 2b b 2b Sb b b 2 b b b 2b b 2b S b db db db b b b b 2b b 2 db 2 b db b 2 3
1 CTGCTGGTGCAACCGGTGATCGGTTACCTGTCCGACCGCACCTGGACCCGCTGGGGTCGT 240
2 CTGCTGGTGCAACCGGTGATCGGTTACCTGTCCGACCGCACCTGGACCCGCTGGGGTCGT 217
KA A KA AR AR A AR A AR AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR AR A A AR A A A AR A X kK
1 CGTCGTCCGTACTTCATGATCGGTGCGGTGTTGACCACGCTGGCGCTGCTGGTGATGCCG 300
2 CGTCGTCCGTACTTCATGATCGGTGCGGTGTTGACCACGCTGGCGCTGCTGGTGATGCCG 277
KA A KA AR AR A AR A AR AR A AR AR A AR AR A AR A AR AR A AR A AR AR A A A AR A AR A A A ARk A* Kk
1 AACTCGCCGACGCTGTGGATCGCGGCCGGCACGCTGTGGGTGCTGGATGCTTCGATCAAC 360
2 AACTCGCCGACGCTGTGGATCGCGGCCGGCACGCTGTGGGTGCTGGATGCCTCGATCAAC 337
KA A KA AR AR KA AR A A KA AR A AR A A A AR AR A AR AR A AR A AR A AR AR A AR AR A, Ak khkkhx k%
1 GTATCGATGGAGCCGTTCCGTGCCTTTGTCGGCGACCAGCTGGCGCCACGCCAGCGTCCG 420
2 GTATCGATGGAGCCGTTCCGTGCCTTTGTCGGCGACCAGCTGGCGCCACGCCAGCGTCCG 397
KA A KA AR AR A AR A AR AR A AR AR A AR AR A AR A R A AR A AR A AR AR A A AR A A AR A A A AR A Xk k
1 GCCGGCTACGCGATGCAGAGCTTCTTCATCGGCGTGGGCGCCATCGTCGCCAGCTTCCTG 480
2 GCCGGCTACGCGATGCAGAGCTTCTTCATCGGCGTGGGCGCCATCGTCGCCAGCTTCCTG 457
KA AR A AR AR A AR A AR AR A AR AR A AR AR A AR A AR AR A AR A AR AR A A A AR A AR A kA Ak A xkk
1 CCATTCATCCTGGCCCACTTCGGCGTTGCCAACACCGCGGCCGCCGGGGARGTGCCCGAC 540
2 CCATTCATCCTGGCCCACTTCGGCGTTGCCAACACCGCGGCCGCCGGGGAAGTGCCCGAC 517
KA A KA AR AR A AR A AR AR A AR A A A AR AR A AR AR A A R A AR AR A AR A A AR A A AR A kA AR A x ok k
1 ACTGTGCGCTATGCGTTCTACTTCGGCGCGGTGGTGCTGCTCGCGGCGATCACTTGGACG 600
2 ACTGTGCGCTATGCGTTCTACTTCGGCGCGGTGGTGCTGCTCGCGGCGATCACCTGGACG 577
R R R R I b I b b b b b I b I b b b b b I b b b b b b b b b b b b b S b b b b b b b b b b b b b b b S O I O R dh ]
1 GTGGTCAGCACCCGCGAATATTCACCAGCGGAGCTGGCCGGGTTCGATGATGCCGAGCCA 660
2 GTGGTCAGCACCCGCGAATATTCACCGGCGGAGCTGGCCGGGTTCGATGATGCCGAGCCA 637
**************************.*********************************
1 CCGGAACATCACGCGGCGGCCGCGATCAACGGCCCGGCTTCATGGACGCGGGTG-ACCCT 719
2 CCGGAACATCACGCGGCGGCCGC-TCCAACGACCCGGCTTCATGGACGCGGGTGGAACCT 696
kkhkkkhkkhkkhkkhkkhkhkkhhkkhhkkhkhkhkhhkhkkk . *****‘********************** *.***
1 GTGGCTTGGG-TTGGGTGTGTTGCTGGCGCTGCTGATCACCTGG--CGGCAAGG-CGACA 775
2 GTGGCTTGGATTTGGGTGTGTAGCTG-CGCTGCTGATCACCCTGGCTGGCAAGGCCGACA 755

* ok k ok ok ok kx Kk hhkrxhkkhkhkkhhkhkoehkkhkhkkh *hkkhkrhkhkrkhkkkhkkxx*k * *hkxkkkKk kkxkk



GGATGCTGTACGTGCTGGCCGGCCTG-TGCGCCGGCTACGGCCTGCTGCTGGCGGCGGCG
GGATGCTGTACGTGCTGGCCGGCCTGTTGCGCCGGCTACGGCCTGCTGCTGGCGGCGGCG

KAKKAKAKAAKNAAAA KNI AKNAXNARAAAIA A, A KA A AR A A A A A A AR A A AR A A AR A A XA A K kK

CGCGCGCTGCCGGCCACGCATATGCTGGCCGCCATCGTCGGCGACCTGCGCGCGATGCCG
CGCGCGCTGCCGGCCACGCATATGCTGGCCGCCATCGTCGGCGACCTGCGCGCGATGCCG

Ak kA hkhk A hkhkhkhhkhk kA hkhkhkhkhkrhkhkhkhhkhkhkrhhkhkhkhkrhkhkhkhkhkhkhkrhkkhkhkhhkrhkxhkhkkxkkxk*k

GTCACCATGCGCCGCCTGGCGTGGGTGCAGTTCTTCTCGTGGTTCGCGCTGTTCGCCATG
GTCACCATGCGCCGCCTGGCGTGGGTGCAGTTCTTCTCGTGGTTCGCGCTGTTCGCCATG

Ak kA hk kA hkhkhkhhkh kA hhkhkhkhkrhkhkhkhhkhkhkrhhkhkhhkrhkhkhkhkdkhkhkrhkkhkhkhkhkrhkkxkhkkxkkxk*k

TGGATCTACACCACCGCTGCGGTGGCCGGTACCCACTTCGGTTCGACCGATCCACAGTCG
TGGATCTACACCACCGCTGCGGTGGCCGGTACCCACTTCGGTTCGACCGATCCACAGTCG

Ak kA hkhk A hkhkhkhhkhkhk Ak hkhkhkhkrhhkhkhhkhkhkrhhkhhhkrhkhkhkhhkhkhkrhkkhkhkhkrhkhxhkhkkxkkxk*k

GCCGCCTACAACGAAGGTGCCAACTGGGTGGGCGTGCTGTTTGGCGCCTACAACGGCTTC
GCCGCCTACAACGAAGGTGCCAACTGGGTGGGCGTGCTGTTTGGCGCCTACAACGGCTTC

kA hkhkhkhk kA hkhkhkhhkhhk A hhkhhhkrhkhkhkhhkhhkrhhkhhhkrhkhkhkhkhkhhkrhhkhkhhkrkxhhkxhkxk*k

GCTGCGCTGGCGGCGGTGCTGATTCCGCCGATGGTGCGTGCGATCGGCCTGCGCTGGAGC
GCTGCGCTGGCGGCGGTGCTGATTCCGCCGATGGTGCGTGCGATCGGCCTGCGCTGGAGC

kA hkhkhkhk kA hkhkhkhhkhhk A hhkhhhkrhkhkhkhhkhhkrhkhkhhkrhkhkhkhkhkhhkrhkkhkhkhhkrkxhkhkxhkxk*k

CACCTGGTCAACCTGTGGCTGGGCGGCGCCGGCCTGGTCTCGCTGATGTTCATCCGCGAC
CACCTGGTCAACCTGTGGCTGGGCGGTGCCGGCCTGGTCTCGCTGATGTTCATCCGCGAC

kA hkhk Ak hkhkrhkkhkhkhhkhkhkrhkhkhkhkhkrhkhkhkkh hhkrhkhkhhkhkrkhkhkhkhhkhhkrhkkhkrkhkhkrkhkrhkxkkxk*k

CCGCACTGGCTGCTGCTGTCGATGGTGGGTGTGGGCTTTGCCTGGGCCTCGATCCTGTCG
CCGCACTGGCTGCTGCTGTCGATGGTGGGTGTGGGCTTTGCCTGGGCCTCGATCCTGTCG

kA hkhkhkhk kA hkhkhkhhkhhk A hhkhhkhkrhkhkhkhhkhhkrhkhhhkrhkhkhhhkhkhkrhkkhkhkhhkrkxhkhkxhkxk*k

TTGCCGTATGCACTGCTGTCCGACAGCGTGCCGGCGTCGAAGATGGGTGTGTACATGGGC
TTGCCGTATGCACTGCTGTCCGACAGCGTGCCGGCGTCGAAGATGGGTGTGTACATGGGA

KA AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A AR A AR AR A AR A AR AR A AR A Ak Kk Kk

ATCTTCAATTTCTTCATCGTGATCCCGCAGCTGGTGGCGGCCAGCGCGCTTGGCTTTGCC
ATCTTCAATTTCTTCATCGTGATCCCGCAGCTGGTGGCGGCCAGCGCGCTTGGCTTTGCC

KA A KA AR AR A AR A AR AR A AR AR A AR AR A AR A AR AR A AR AR A AR A A A AR A AR A A A AR A x Kk

CTGCGCGCATGGCTGGGTGGCCAGCCGATGCATGTGCTGGTGCTGGGCGGCTGCAG-CCT
CTGCGCGCATGGCTGGGTGGCCAGCCGATGCATGTGCTGGTGCTGGGCGGCTGCACGCCT

KA AR A AR AR A AR A A A AR A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A Ak hA kKK * Kk k

GTTCCTGGCCGGCCTGTGCGTGCTGCGGGTTCCGTCCCGTCCGGAGGTGGTGTGA 1488
GTTCCTGGCCGGCCT---TGTGCGGCTG---CCGTCCCC———————————————— 1448

kkhkkkAhkhkkkhkk Kk kA kkhk*k kkhkKkk Kk Kk Kk Kk kk Kk kK

834
815

894
875

954
935

1014
995

1074
1055

1134
1115

1194
1175

1254
1235

1314
1295

1374
1355

1433
1415
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