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RESUMO

As industrias de alcool combustivel realizam a fermentagdo a partir de um
processo aberto e néo asséptico permitindo que leveduras de baixo
rendimento fermentativo se instalem no processo. ldentificar e caracterizar a
principal espécie de levedura contaminante detectada em usinas de alcool
combustivel na regidao Nordeste do Brasil utilizando métodos moleculares foi,
portanto o objetivo deste trabalho. O isolado ndo-Saccharomyces cerevisiae
mais frequente foi identificado por provas bioquimicas e por sequénciamento
de DNA como pertencente a espécie Dekkera bruxellensis, e diversas
linhagens genéticas puderam ser discriminadas entre os isolados. O estudo
da dinamica da populacdo de leveduras mostrou a alta adaptabilidade de D.
bruxellensis as condi¢cOes industriais, causando episddios de contaminacao
recorrentes e severos. Contaminacgdes severas do processo de fermentacéo
industrial por leveduras Dekkera tém um impacto negativo no rendimento
global das destilarias, explicado neste trabalho pela menor produtividade
volumétrica desta levedura. A partir do exposto, a rapida deteccdo de D.
bruxellensis em mosto industrial podera evitar problemas operacionais nas

usinas de alcool combustivel.
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1.0 — INTRODUCAO

A producédo industrial de alcool combustivel € um processo aberto que
se baseia na fermentacdo dos acucares do caldo da cana e/ou melaco por
células da levedura Saccharomyces cerevisiae. Sendo um processo nhao
asseptico, sdo poucas as possibilidades de eliminacdo das leveduras
selvagens provenientes dos substratos, ambiente e equipamentos industriais.
Desta forma, tem sido verificada freqientemente a instalacdo de leveduras
selvagens nao-Saccharomyces cerevisiae que prejudicam o rendimento da
fermentacdo, pois estas ndo possuem a capacidade fermentativa das
linhagens inicialmente inoculadas. Estes episddios de contaminacdo s6 sao
percebidos pela queda do rendimento fermentativo e, a posteriori, apés a
inspecao das placas de meio de cultura semeadas com amostras do mosto de
fermentacdo. Entretanto, os resultados obtidos por essas inspecdes sO
servem para quantificar o nivel de contaminacéo, ocorrido ha cerca de cinco
ou seis dias. Desta forma, a utilizacdo de técnicas moleculares ja existentes
pode indicar episédios de contaminacdo mais precocemente.

A identificacdo destas leveduras pode ser feita de maneira precisa a
partir do uso de técnicas microbiolégicas convencionais. Entretanto, estas
sdo muito demoradas e ndo podem ser utilizadas para tomadas de decisdes
imediatas no processo. Por isso, técnicas moleculares tém sido cada vez mais
usadas para caracterizar e identificar microorganismos isolados de diferentes
processos industriais de forma répida, especifica e sensivel. Dentre as
técnicas moleculares, aquelas baseadas na reacdo em cadeia da DNA
polimerase (PCR) permitem ndo apenas a identificacdo molecular a partir do
uso de iniciadores espécie-especificos, como também discriminar diferencas
gendbmicas que correspondem a separacdo das diferentes linhagens
genéticas.

Episédios de contaminacdo microbiana no processo s6 sao percebidos

pela queda do rendimento. Este problema na maioria das vezes s6 pode ser
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revertido com a total remocao da populacdo invasora e a re-inoculacdo da
linhagem original no processo fermentativo, resultando em aumentos no
custo de producdo. A partir disso, buscamos identificar e caracterizar a
principal levedura contaminante detectada na producdo de alcool
combustivel, aqui mostrado como sendo a levedura da espécie Dekkera
bruxellensis. Desta forma, o presente trabalho apresenta como objetivo geral
e especificos:

o Identificar e caracterizar a principal levedura contaminante detectada
na producao de alcool combustivel utilizando marcadores moleculares.

1. Identificar o principal padrdao n&o-Saccharomyces cerevisiae
amplificado com o iniciador (GTG)s em amostras de destilarias de
alcool combustivel.

2. ldentificar por meétodos moleculares de sequenciamento, analises
bioquimicas e de caracteristicas morfologicas a espécie nao-
Saccharomyces  cerevisiae predominante em episédios de
contaminacao de destilarias de &lcool combustivel.

3. Ildentificar as diferentes linhagens genéticas de Dekkera bruxellensis
provenientes do processo de fermentacdo alcodlica aplicando diferentes
iniciadores de PCR.

4. Levantar, de forma inicial, alguns dados sobre a capacidade

fermentativa de diferentes isolados industriais de D. bruxellensis.

11
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2.0 — REVISAO DA LITERATURA

2.1 — Fermentacgao Alcodlica

Leveduras sao fungos eucaridticos unicelulares, de facil manipulacédo
microbioldgica, sendo bastante utilizados como modelos para estudos
biolégicos. Estes microorganismos sdo ideais para estudos genéticos da
biologia celular eucaridtica porque se reproduzem rapidamente e tém um
genoma reduzido em comparacdo com grupos como os de mamiferos. As
células de leveduras se reproduzem assexuadamente por fissdo, a partir da
formacdo de um septo central no bastonete em crescimento, ou por
brotamento, pela formacdo de um broto que se separa da célula-mae apés a
mitose (Alberts et al. 1997). A reproducdo sexuada ocorre pela formacao de
esporos no interior de estruturas especializadas, tais como 0s ascos nos
ascomicetos. As leveduras tém sido utilizadas em processos industriais
importantes, tais como a producdo de paes, bebidas, &alcool combustivel,
acidos organicos, glicerol, dentre outros (Walker, 1998). Nestes processos,
as células de levedura transformam os acucares dos diferentes substratos
nos produtos de interesse comercial através do processo de fermentacao
(Champe and Harvey, 1996). As industrias de bebidas a base de
fermentacdo alcodlica dependem da habilidade de Ileveduras como
Saccharomyces cerevisiae para converter o0s acucares dos diferentes
substratos (maltose, sacarose, amido) em glicose, e este em diéxido de
carbono e etanol. No processo de producédo de alcool combustivel no Brasil, o
caldo de cana cru ou o melago sao fermentados pelas células de S. cerevisiae
ao longo de toda a safra. Apos cada batelada de fermentacdo, bem como
durante o processo de fermentacdo continua, as células de levedura sao
separadas do meio fermentado por centrifugacao e reutilizadas no processo,
apos serem tratadas com acido sulfarico para reducdo da contaminacao

bacteriana. A alta concentracdo de acucar no meio de fermentacgao,
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temperaturas de 33°C a 35°C e o ambiente anaerdbico contribuem para a
maior eficiéncia na producdo de etanol. O curto tempo de fermentacdo (6 a
10 h) permite a reutilizacdo das leveduras até trés vezes por dia, ao longo de
aproximadamente 200 dias de atividade fermentativa (Wheals et al. 1999).
Leveduras S. cerevisiae dominam o processo de fermentacédo alcodlica
e ja existem até linhagens comerciais especificas para esta fermentacao
(Lallemand Inc., Canada; AEB Group, Brasil). Entretanto, episoédios de
contaminacdo ao longo da safra podem fazer com que espécies nao-
Saccharomyces cerevisiae provenientes do caldo de cana substituam o
in6culo inicial. Este problema, embora em menor escala, também ocorre em
industrias que possuem algum tratamento prévio do caldo. As causas deste
grande crescimento das leveduras contaminantes na dorna de fermentacéo
ainda ndo sao conhecidas, mas suspeita-se que fatores abidticos como
variacOes de pH, temperatura, osmolaridade, presenca de acidos organicos e
a concentracdo de etanol devem contribuir para este processo. Portanto,
informacgdes sobre a dindmica das leveduras do processo sédo fundamentais
para o apropriado controle microbiolégico (Granchi et al. 1999; Silva-Filho et
al. 2005a), bem como para a identificacado e selecdo de novas linhagens com

alta capacidade fermentativa (Silva-Filho et al. 2005b).

2.2 — Técnicas Moleculares para Tipagem Genética

A identificacdo convencional de leveduras através das caracteristicas
morfoldgicas e fisioloégicas € trabalhosa e algumas vezes leva a classificagdo
e identificacdo incorreta, além de consumirem bastante tempo (Chen et al.
2000; Granchi et al. 1999). A partir disto, tem-se buscado cada vez mais
técnicas mais precisas para a identificacdo de leveduras através da analise
do DNA.

A cariotipagem molecular por meio da eletroforese em campo pulsado -

Pulsed Field Gel Electrophoresis (PFGE) - é usada para selecdo de linhagens
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e controle microbiol6gico devido a sua capacidade de identificar a diversidade
cromossdbmica entre linhagens de modo superior a outras técnicas.
Entretanto este € um método laborioso, demorado e caro para ser utilizado
como rotina nas destilarias. Além disso, trabalhos do nosso laboratério
mostraram que o alto polimorfismo cromossdmico evidenciado por esta
técnica € devido a rearranjos cromossdmicos. Os resultados encontrados por
Lucena (2004) mostraram que uma linhagem pode apresentar polimorfismo
cromossémico tanto no numero quanto em relacdo ao peso molecular dos
cromossomos observados ao longo de varias geracdes celulares no processo
de fermentacdo continua, fato este decorrente de processos de recombinacao
mitotica que ocorre entre cromossomos ndo-homologos.

A andlise do Polimorfismo de Tamanho de Fragmentos de Restricdo do
DNA Mitocondrial (RFLP-mtDNA) de leveduras, consiste na extracdo e
digestdo com enzimas de restricdo do DNA, e permite o acompanhamento da
populacdo devido ao polimorfismo de tamanho gerado. Recentemente,
Martorell et al. (2005) relataram a identificacao de trés diferentes padrdes de
restricaio do DNA mitocondrial utilizando a endonuclease Hinfl em isolados da
levedura Dekkera bruxellensis provenientes de amostras de vinho de
diferentes regides da Europa.

A técnica da Reacdo em Cadeia da Polimerase - Polymerase Chain
Reaction (PCR) - apresenta-se como uma ferramenta muito util tanto na
identificacdo de espécies de leveduras como na discriminacdo de diferentes
linhagens de uma espécie. Tem sido utilizada em areas de seguranca
biolégica como microbiologia médica, controle higiénico em hospitais e
controle de qualidade microbiolégica em industrias produtoras de alimentos
(Scheu et al. 1998) ou industrias transformadoras, como as destilarias de
alcool combustivel (Silva-Filho et al. 2005a; Silva-Filho et al. 2005b). Esta
técnica apresenta variacdes baseadas na possibilidade de uso de diferentes
iniciadores da replicacdo in vitro e que dependem também da regido do

genoma do organismo alvo a ser amplificada.
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A técnica de RAPD é uma variacdo da PCR que consiste em amplificar
sequéncias do genoma através de iniciadores curtos com sequUéncias
arbitrarias que, em baixa temperatura de pareamento, hibridizam em regides
distribuidas aleatoriamente no genoma. Esta técnica tem sido utilizada com
algum sucesso para discriminar linhagens industriais de leveduras (Gomes et
al. 2002). Entretanto, problemas de reprodutibilidade podem comprometer
seu uso rotineiro. A utilizacdo de iniciadores de sequéncias mais longas e de
reacdes com temperaturas de pareamento mais elevadas podem minimizar
este problema. Algumas técnicas como o0 RFLP/MtDNA, apesar de
identificarem polimorfismos genéticos, ndo sdo capazes de uma grande
distincdo. A associacdo da técnica de RAPD e RFLP/mtDNA permitiu
descriminar subgrupos dentro dos grupos de perfil gerado somente com o
DNA mitocondrial em linhagens industriais de D. bruxellensis (Martorell et al.
2005).

A técnica da PCR pode ser utilizada para identificacdo do polimorfismo
de comprimento das regides conservadas dos agrupamentos dos genes de
RNA ribossomal (rDNA) para tipagem das leveduras. A mais recente re-
classificacdo de leveduras da classe Ascomycetes foi baseada na andlise da
sequéncia de nucleotideos do gene 26S rDNA (Kurtzman and Robnett, 1998).
Entretanto, estas analises apresentaram algumas dificuldades em identificar
as diferentes espécies desta classe. As regides do DNA que codificam para
RNA ribossémico apresentam-se como um agrupamento génico que contém
0 gene 18S, o gene 5.85 e 0 gene 28S. Entre estes genes encontram-se as
regides ITS1 e ITS2, sequéncias internas transcritas mais nao-traduzidas,
que apresentam variacdo genética tanto de comprimento quanto de
sequéncias de nucleotideos. O fato das regides ITS serem flanqueadas por
segmentos conservados (genes de rDNA 18S e 28S) e de aparecerem em
grande numero de coépias no genoma permite que sejam amplificadas com
facilidade (Fungaro, 2000). A analise do comprimento aparente do produto

da PCR das regides ITS1 e ITS2 tem permitido identificar diferentes tipos de
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leveduras. O tamanho do produto de amplificacdo que corresponde ao locus
ITS1-5.8S-1TS2 pode ser utilizado para identificacdo rapida de leveduras.
Entretanto, véarias espécies apresentam produtos de amplificacgdo com o
mesmo tamanho. Este problema pode ser resolvido a partir da digestao
desses fragmentos com diferentes enzimas de restrigdo, principalmente com
as enzimas Cfol, Ddel, Haelll e Hinfl. A soma dos padrbes de restricao
parece ser espécie-especifico e pode ser utilizado com seguranca na
identificacdo das leveduras (Esteve-Zarzoso et al. 1999). A andlise do
comprimento das regides ITS1 e ITS2, isoladamente ou em combinacéo,
permitiu discriminar 30 de 40 isolados clinicos da levedura Saccharomyces
cerevisiae (Chen et al. 2001). Recentemente, existe a disposicao dos
pesquisadores que trabalham em taxonomia e sisteméatica de leveduras um
banco publico de dados da colecdo espanhola de culturas tipo (CECT) que
permite identificacdo rapida de seus isolados a partir dos resultados de

amplificacdo e digestdo do locus ITS1-5.8S-1TS2 (www.yeast-id.com).

Vinte espécies do género Saccharomyces sao divididas em trés grupos:
Saccharomyces sensu stricto, Saccharomyces sensu lato e S. Kluyveri. A
regido ITS das 13 espécies que compdem o género Saccharomyces foi
amplificada e sequenciada. Nas duas arvores filogenéticas derivadas da
regidao ITS1 e ITS2 todas as espécies foram distinguidas entre si (Oda et al.
1997). O grupo Saccharomyces sensu stricto inclui Saccharomyces
cerevisiae, S. paradoxus, S. bayanus, S. cariocanus, S. mikatae e S.
kudriavizevii. A amplificacdo da regido ITS por PCR produziu uma banda de
aproximadamente 850pb para as seis espécies. Entretanto, outras espécies
de Saccharomyces e espécies nao-Saccharomyces apresentam bandas de
amplificacdo com diferentes tamanhos as quais podem ser utilizadas como
identificadores moleculares (McCullough et al. 1998).

O método de tipagem molecular baseado na reacdo em cadeia de DNA
polimerase (PCR) — PCR fingerprinting - utilizando um iniciador que amplifica

regides simples entre duas sequéncias de microssatélites tem se mostrado
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uma técnica capaz de rotineiramente acompanhar o processo fermentativo e
sua populacdo de leveduras. Através do uso do marcador molecular (GTG)s
(Lieckfeldt et al. 1993), pelo nosso laboratério, foi possivel a discriminagéao
de linhagens de S. cerevisiae em processos industriais de producao de alcool
combustivel. Nos trabalhos de Silva-Filho et al. (2005a) e Santos et al.
(2005) foi demonstrada a sucessao de leveduras ao longo do processo de
fermentacdo que possibilitou a identificacdo de linhagens de S. cerevisiae
dominantes no processo. Iniciou-se, assim, a caracterizacdo da dinamica da
populacdo de leveduras ao longo do periodo de fermentacdo em diferentes
destilarias dos Estados de Pernambuco e Paraiba. Adicionalmente leveduras
contaminantes, assim nomeadas por nao apresentarem o padrdao de
amplificagcdo tipico da espécie S. cerevisiae, foram identificadas e
quantificadas por este método.

O trabalho de Basilio et al. (2005) mostrou que a técnica de PCR
fingerprinting com o primer (GTG)s foi capaz de diferenciar 29 padrdes de
bandas distintos para leveduras contaminantes. Estes isolados néo-S.
cerevisiae foram identificados pelo sequenciamento dos dominios D1/D2 da
regido 26S do rDNA. A levedura contaminante identificada como sendo da
espécie Dekkera bruxellensis foi o padrao de amplificacdo nédo-S. cerevisiae
mais fregientemente encontrado no monitoramento, estando presente em
52% de todas as amostras com contaminacao. A levedura D. bruxellensis foi
responsavel também pela maior parte dos episédios de contaminacédo severa
nas diferentes destilarias estudadas (Basilio et al. 2005), bem como em
destilarias da América do Norte (Abbott et al. 2005). Esta espécie, cujo
anamorfo corresponde a espécie Brettanomyces bruxellensis, apresenta
posicdo de destaque nos problemas de qualidade do vinho e de
contaminacdes dos processos fermentativos em geral (Mitrakul et al. 1999).
Analises fisioldgicas de isolados desta espécie mostraram que esta apresenta
uma reduzida capacidade fermentativa em relacédo a levedura do processo S.

cerevisiae. Estas caracteristicas fazem com que destilarias contaminadas
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com esta levedura apresentem tanto queda no rendimento em etanol quanto
aumento no tempo de fermentacdo (Araudjo et al. 2005).

Varios métodos moleculares de deteccdo de leveduras contaminantes
tém sido desenvolvidos, se valendo principalmente das caracteristicas de
facilidade de execucdo e da rapidez e confiabilidade dos resultados. Reacdes
de PCR utilizando os primers especificos DBO9OF DB394R foram desenvolvidas
para a identificacdo de Brettanomyces/Dekkera bruxellensis e
Brettanomyces/Dekkera anomalus em diversas amostras (Cocolin et al.
2003) ao mesmo tempo que o uso da PCR em tempo real foi proposto para
detectar esta levedura em vinho (Phister and Mills, 2003). Detecc¢des
inespecificas, mas indicadoras da presenca de leveduras contaminantes em
amostras industriais, podem se valer da diversidade de comprimento do
locus ITS1-5.8S-ITS2 do DNA ribossomal das leveduras (Esteve-Zarzoso et
al. 1999). Neste sentido, um sistema de deteccdo de Ileveduras
contaminantes em amostras de mosto de fermentacdo alcodlica foi
desenvolvido pelo nosso grupo de pesquisa (de Souza-Liberal et al. 2005), o
qual pode ser utilizado em conjunto com os primers DB90F/DB394R para
detectar e quantificar a presenca de D. bruxelensis nestas amostras de forma

rapida, sensivel e precisa.

2.3 — Dekkera bruxellensis

Em 1960, van der Walt e van Kerken relataram a formacao de esporos
em linhagens de leveduras previamente classificadas como leveduras
Brettanomyces, tidas como ndo esporulantes, e propuseram um novo género
para acomodar esta forma teleomorfa. Van der Walt propds o nome Dekkera
para o novo género. Barnett et al. (1990) reconheceu quatro espécies neste
género: D. anomala, D. bruxellensis, D. custersiana e D. naardenensis.

A validacdo do género Dekkera foi feita a partir das analises de

restricico do DNA ribossomal, a qual estabeleceu inequivocamente a
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equivaléncia entre o0s géneros Brettanomyces (anamorfo) e Dekkera
(teleomorfo) e suas espécies (Molina et al. 1993). Posteriormente a
separacdo das duas espécies D. bruxellensis e D. anomala foi validada a
partir das analises filogenéticas que se utilizaram do seqguenciamento do
gene rDNA-18S (Cai et al. 1996). Estudos posteriores se valeram destas
informacOes para estabelecer padrdes especificos de amplificacdo baseados
nas divergéncias das sequéncias do gene rDNA-18S para identificar as
espécies D. bruxellensis e D. anomala (Cocolin et al. 2003).

A classificacdo atual desta espécie corresponde a: reino Fungi, divisao
Ascomycota (Saccaromycota), sub-divisao Ascomyccotina
(Saccharomycotina), classe Saccharomycetes, ordem Saccharomycetales,
familia Saccharomycetacea, género Dekkera, espécie D. bruxellensis (Barnett
et al. 1990).

Existe na literatura um problema de uniformizacdo da taxonomia
relacionada a esta levedura e em muitos artigos pode-se encontrar a
denominacdao composta Dekkera/Brettanomyces para designar linhagens
deste taxon. Por questfes de uniformizacéo, utilizaremos neste texto apenas
0 género Dekkera, mesmo para referir os trabalhos que citam o género
Brettanomyces.

Atualmente a levedura Dekkera esta em posicdo de destaque nos
problemas de qualidade do vinho. A deteccédo precoce e especifica destas
leveduras €, portanto, necessaria (Mitrakul et al. 1999). Os produtos
metabdlicos responsaveis pela contaminacdo do vinho por Dekkera sao
principalmente os volateis fendlicos, acido acético e tetrahidropiridinas, que
estdo associados a grandes prejuizos econdmicos em industrias de bebidas
fermentadas. A descoberta do papel desta levedura no desenvolvimento dos
compostos fendlicos prejudiciais ao vinho renovou 0 interesse por este

género por parte dos micologistas (Rodrigues et al. 2001).
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S.c.
D.b

Figura 1. Placa com coldnias grandes de Saccharomyces cerevisiae

(S.c.) e colbnias pequenas de Dekkera bruxellensis (D.b.).

e

Figura 2. Células da levedura Dekkera bruxellensis. 400x.

As leveduras do género Dekkera foram isoladas e descritas durante a
producdo de cerveja, no mosto de uva e em vinhos de varios paises
(Rodrigues et al. 2001). Entretanto, pouco se sabe sobre a presenca desta
levedura em outros nichos ecolégicos, que pode ser explicado pela
dificuldade de sua recuperacdo devido ao seu crescimento lento. Isto faz com
que, em materiais altamente contaminados com outras leveduras ou fungos
filamentosos possam facilmente evitar a deteccdo de Dekkera. Para superar
esta dificuldade alguns meios de cultura seletivos tém sido desenvolvidos

para manipular o tipo e a concentracdo do agente antimicrobiano escolhido e
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fontes de carbono para suprimir o crescimento de outras espécies de
leveduras e bactérias. Em adicdo, meios bacteriolégicos tém sido descritos
como essenciais na diferenciacdo de Dekkera de outras leveduras (Rodrigues
et al. 2001).

Experimentos de determinacdo de taxas especificas de crescimento
mostram que as células de S. cerevisiae crescem mais rapido que as de
Dekkera em todos os meios testados até o momento. Células de Dekkera
crescem mais rapido que as de S. cerevisiae apenas quando as
concentracfes de acido acético estdo em niveis elevados (>0.45%, w/v),
condicbes nao encontradas em processos industriais que nao estejam
relacionados com a producdo deste composto. Recentemente estas leveduras
que causam prejuizos devido a sua habilidade em produzir acido acético e
capacidade de estragar vinhos engarrafados, tornaram-se um assunto
importante na producdo de alcool combustivel, particularmente em
fermentacdo continua. As industrias de alcool combustivel observaram uma
queda na producédo de etanol diminuindo ou estacionando o processo de
fermentacdo devido ao que se acredita pela presenca de leveduras
selvagens. Apesar da percepc¢ao notéria de Dekkera na fermentacéo de alcool
combustivel pesquisas mostram que estas leveduras ndo apresentam
condicbes de afetar a fermentacdo, pois apresentam condic¢des fisiologicas
menos adequadas que as leveduras S. cerevisiae para suportar o processo
fermentativo (Abbott et al. 2005).

Problemas operacionais causados por leveduras podem conduzir a
enormes perdas econOGmicas durante a producao, processamento,
conservacao e armazenagem de produtos que utilizam a fermentacdo em
alguma etapa de seu processo. Por essa razdo as industrias precisam
rapidamente de meétodos simples e confiaveis para detectar se leveduras
estdo causando estragos e rapidamente identificar possiveis rotas de
contaminacdo (Hierro et al. 2004). Identificacbes de leveduras Dekkera

utilizando testes fisiolégicos sdo obtidas em 4 semanas e 3 semanas para
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testes de assimilacdo. E mesmo utilizando linhagens tipo de colecdo para
avaliacdo os resultados foram ambiguos (Mitrakul et al. 1999). Apesar de
linhagens de leveduras selecionadas do vinho terem sido estudadas por
décadas, sua classificagdo inequivoca tem sido possivel somente
recentemente com o advento de técnicas moleculares (Pramateftaki et al.
2000).

A levedura do género Dekkera tem sido apontada como principal
contaminante nos processos de fermentacdo industrial, tanto para vinhos
(Cocolin et al. 2003) como para alcool combustivel (Guerra, 1998; Abbott et
al. 2005). A utilizacdo de técnicas moleculares para a identificagdo de
leveduras permite respostas rapidas necessarias ao processo fermentativo.
Tendo em vista a problematica que a D. bruxellensis pode causar nos
procesos fermentativos foi desenvolvido um iniciador especifico para a
identificacdo de Brettanomyces/Dekkera bruxellensis e Brettanomyces/
Dekkera anomalus (Cocolin et al. 2003).

No trabalho de Mitrakul et al. (1999) a cariotipagem foi escolhida
inicialmente por causa do sucesso dessa técnica em diferenciar linhagens de
leveduras Saccharomyces cerevisiae no alto polimorfismo cromossémico das
linhagens industriais. Entretanto, os resultados para a levedura Dekkera
bruxellensis ndo permitiram estabelecer padrfes para diferenciar linhagens
entre si devido ao alto grau de conservacdo genética entre todas as
linhagens. Melhores resultados foram alcancados recentemente por Martorell
et al., (2005) com a combinacdo das técnicas de RFLP-mtDNA e RAPD para
discriminacdo de isolados de D. bruxellensis, com a distincdo de 12
agrupamentos genéticos dos 63 isolados provenientes de vinicolas de

diferentes partes da Europa.
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2.4 — Consideracoes

Véarios artigos podem ser encontrados na literatura sobre a
caracterizacdo fisiologica de isolados de Dekkera por conta de sua
participagdo em processos de contaminagcdo de vinhos. Mesmo estes
trabalhos mais fisiologicos apresentam questdes mal resolvidas em termos
da taxonomia destes isolados. Alguns artigos tratam de
Dekkera/Brettanomyces bruxellensis, enquanto que outros trazem problemas
taxonbmicos ainda maiores como a citacao de isolados de Dekkera sp. ou de
Brettanomyces sp. Esta falta de uniformidade prejudica uma analise
comparativa entre os trabalhos.

Por outro lado, pouco se tem encontrado sobre informacdes genéticas
acerca desta levedura. Pose-se dizer que o melhor trabalho publicado até o
momento corresponde ao de Martorell et al. (2005) no uso de marcadores
RFLP-mtDNA e RAPD para discriminar isolados de vinho. Os outros trabalhos
mais genéticos tratam apenas de métodos de deteccdo desta levedura por
PCR especifico ou PCR em tempo real. Neste aspecto, o presente trabalho
deve contribuir para a caracterizacdo sisteméatica desta levedura proveniente
do processo de producdo de &lcool combustivel, nicho do qual tem sido
isolada mas com pouca confirmacdo da real identidade deste importante
contaminante. Os resultados mostrados no corpo deste trabalho deverao
iniciar uma trajetéria de estudos que visardo comparar a estrutura genética
de isolados de vinho, cerveja e alcool combustivel para elucidar questdes
filogenéticas e identificar os fatores que levam esta espécie a apresentar
uma adaptabilidade t&o relevante para estes contextos industriais das

destilarias de alcool combustivel.
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ABSTRACT

Aims: To identify and characterize the main contaminant yeast species detected in fuel-ethanol
production plants in Northeast region of Brazil by using molecular methods. Methods and
Results: Total DNA from yeast colonies isolated from the fermentation must of industrial alcohol
plants was submitted to PCR fingerprinting, D1/D2 28S rDNA sequencing and species-specific
PCR analysis. The most frequent non-S. cerevisiae isolates were identified as belonging to the
species Dekkera bruxellensis, and several genetic strains could be discriminated among the
isolates. The yeast population dynamics was followed on a daily basis during a whole crop
harvesting period in a particular industry, showing the potential of D. bruxellensis to grow faster
than S. cerevisiae in industrial conditions, causing recurrent and severe contamination episodes.
Conclusions: The results showed that D. bruxellensis is one of the most important contaminant
yeasts in distilleries producing fuel-ethanol from crude sugar cane juice, specially in continuous
fermentation systems. Significance and Impact of Study: Severe contamination of the industrial
fermentation process by Dekkera yeasts has a negative impact on ethanol yield and productivity.
Therefore, early detection of D. bruxellensis in industrial musts may avoid operational problems

in alcohol producing plants.

Key words: bioethanol, contaminant vyeast, Dekkera, molecular identification, PCR

fingerprinting, sugar cane fermentation.
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IINTRODUCTION

The most recent yeast classification compendium presents 761 species based on
conventional taxonomy and new DNA analysis (Kurtzman and Fell 1998), many of them of
human interest by their clinical importance or application in biotechnology. Among them,
Saccharomyces cerevisiae 1S the most used yeast species worldwide in terms of industrial
fermentative processes, mainly by its application in baking, brewing, winemaking and fuel
ethanol manufacture. Its application for the production of fermented and distilled beverages is
well known. However, other yeast species have been identified in most of these fermentative
processes, either as active contributors for the final product properties or as contaminant yeasts.
In food microbiology, contaminant yeasts can be regarded as adventitious yeasts, if they can
survive or even grow in foods without affecting their properties, or spoilage yeasts, such as those
that spoil foods after processing and packing under good manufacturing practices (Loureiro and
Malfeito-Ferreira 2003).

In fermented alcoholic beverages that distinction is even more complex since the
fermentation generally occurs in the presence of a mixed yeast population, and probably each one
might contribute to a certain point to the final characteristics of the product (Loureiro and
Malfeito-Ferreira 2003). Nevertheless, the same yeast can act as a contributor or a spoiler. For
example, Dekkera bruxellensis (teleomorph of Brettanomyces bruxellensis) is important yeast in
wine fermentation because it produces 4-ethyl-phenol, an ester that contributes to wine taste and
aroma. However, at concentrations above 620 pg.I™ this metabolite is considered detrimental, and
the species may then be seen as spoilage yeast (Chatonnet et al. 1995). Also in wine production

the presence of yeast cells after bottling may be detrimental, and in this case even S. cerevisiae

31



Liberal, A.T.S. - 2006 - D. bruxellensis como contaminante industrial

may be considered as spoilage yeast (Loureiro and Malfeito-Ferreira 2003). Therefore, the
production stage in which a yeast species is found must be taken into account to define its
spoilage or contributing status. During traditional Irish cider fermentation, the indigenous yeasts
succession includes phases where  Kloekera/Hanseniaspora,  Saccharomyces — Of
Dekkera/Brettanomyces normally predominate (Morrissey et al. 2004). During the fermentation
of crude sugar cane juice for the production of the Brazilian distilled beverage cachaca, a
complex microbiology has been reported (Guerra et al. 2001; Schwan et al. 2001; Gomes et al.
2002). In this process, the production of some metabolites such as aldehydes, esters and higher
alcohols by some species may be either beneficial or detrimental for the product.

In fuel-ethanol fermentation, the definition of a microbial contaminant may take into
account mainly its effect on ethanol yield and productivity. Industrial ethanol fermentation plants
in Brazil use sugar cane juice or molasses as substrate, and in some molasses-using distilleries the
intermittent addition of sugar cane juice is a common practice. Sugar cane juice is a complex
substrate that enables growth of different yeasts and lactic acid bacteria. Despite the economical
importance of bioethanol, only a few reports describe the yeast community associated to sugar
cane, which may contain species that could act as industrial contaminants. Sherata (1960) first
reported the identification of 14 yeast species in sugar cane and in its juice, belonging to the
genera  Candida,  Endomyces,  Hansenula,  Kloeckera,  Pichia, = Saccharomycodes,
Schizosaccharomyces and Torulopsis. Later on, species of Debaromyces, Rhodotorula and
Cryptococcus were also reported for this substrate (de Azeredo et al. 1998). In the last few years,
other yeast species belonging to many genera such as Candida, Hanseniaspora, Kloekera,
Kluyveromyces, Schizosaccharomyces and Pichia have been isolated in these substrates (Guerra

et al. 2001; Schwan et al. 2001; Gomes et al. 2002; Olasupo et al. 2003).
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In a previous report, we showed that non-S. cerevisiae isolates can be readily detected by
DNA fingerprinting of yeast colonies obtained from highly diluted samples taken in different fuel
alcohol distilleries in Northeastern Brazil (Silva-Filho et al. 2005a,b), which indicates that some
of these isolates appear at high frequency in the yeast population. In the present work, the most
frequent of those non-S. cerevisiae yeast isolates was identified and characterized as the major
industrial contaminant based on its detrimental effects on the process yield and productivity,
which are observed when the contamination exceeds a threshold level. The contaminant species
was identified as Dekkera bruxellensis and different genetic strains responsible for severe
contamination episodes could be discriminated. However, the specific factors favoring the

outbreak of this species under the prevailing industrial conditions remain unknown.

MATERIAL AND METHODS

Sampling, cell maintenance and cultivations

Must samples were collected at different crop harvesting periods from six bioethanol producing
distilleries of Northeastern Brazil, henceforth designated A to F. After appropriate dilutions, yeast
cells were plated on WLN medium containing 0.1% bromocresol green. The plates were
incubated at 30°C until the development of yeast colonies, which typically required between two
(for S. cerevisiae) and six days (for contaminant yeasts). Yeast isolates were maintained in slant
tubes containing WLN medium, and cultivated in YPD medium for DNA extraction, or in growth
medium (described below) for fermentation assays. The strain MA64 was isolated from one of

the distilleries of study and identified as S. cerevisiae according to Silva-Filho et al. (2005b).

Biochemical taxonomy tests
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Conventional taxonomy tests based on assimilation and fermentation of different carbon sources
and on assimilation of nitrogen sources were performed at the Culture Collection of the
Department of Mycology, Federal University of Pernambuco, Recife, Brazil, according to
Kurtzman and Fell (1998). Yeast sporulation tests were performed by inoculation of YPD-
growing cells in SPA medium (1% potassium acetate, 0.25% yeast extract, 0.1% glucose),
followed by incubation for at least seven days. Ascospore formation was visualized in optical

microscope at 400x.

DNA extraction, PCR analysis and molecular identification

Cells from overnight cultures were withdrawn and submitted to DNA extraction according to
Silva-Filho et al. (2005a) as follows. Yeast cells were cultivated in YPD medium for 16 h at 30°C
and one ml of cell culture was centrifuged. The cells were suspended in 600 pl lysis buffer (0.2
mol.I"* Tris-HCI; 25 mmol.I"* EDTA; 1% SDS; 25 mmol.I"* NaCl, pH8) and incubated at 65°C for
30 minutes with occasional agitation. The lysate were extracted once with phenol:chloroform
(1:1), centrifuged at 13000 rpm for 15 minutes and the aqueous phase was extracted once with
chloroform:isoamyl alcohol (24:1), and centrifuged as above. DNA from the aqueous phase was
precipitated for 2h at —20°C with two volumes of cold ethanol, washed with 70% ethanol, air-
dried and suspended in 100 ul TE buffer (10 mmol.I™* tris-HCI, 1 mmol.I'* EDTA, pH8). DNA
concentration was determined by spectrophometry at 260 nm before use as a template for
molecular analysis.

PCR-Fingerprinting with the microsatellite primer (GTG)s and the E1 intron splicing site primer
were performed as described by Silva-Filho et al. (2005b) and de Barros-Lopes et al. (1998),
respectively. PCR for the amplification of ITS1-5.8S-ITS2 rDNA used primers Its4 (5'-

TCCTCCGCTTATTGATATGC-3") and Its5 (5-GCAAGTAAAAGTCGTAACAA-3Y), as

34



Liberal, A.T.S. - 2006 - D. bruxellensis como contaminante industrial

described by de Souza-Liberal et al. (2005). For RFLP-PCR, rDNA amplification products were
digested with Haelll. The primers DBI0F (5’-GAYACTAGAGAGAGRRG GARGGC-3’) and
DB394R (5-ACGAGGAACGGGCCGCT-3’) were used to perform species-specific PCR to
identify D. anomala/D. bruxellensis according to Cocolin et al. (2004). The amplification
products were digested with Ddel (Cocolin et al. 2004). DNA fragments were separated in 1.3%
agarose gel at 7.5 V.cm™ for 150 minutes in 0.5x TBE, stained with ethidium bromide and the gel
was recorded under UV light in a digital photo documenting apparatus (Vilber-Loumart, France).
The lengths of the amplicons were estimated by comparison with standard molecular markers
using PhotoCapture software (Vilber-Loumart, France).

Molecular identification was performed according to Kurtzman and Robnett (2003). The 650-bp
fragments of the D1/D2 region of 26S rDNA amplified with the primers NL-1 and NL-4 were
purified (Wizard PCR purification kit, Promega Co.) and submitted to automatic DNA
sequencing in a MegaBACE 1000 device (Amersham Biosciences). Nucleotide sequences of
D1/D2 26S rDNA loci of C1-type and C4-type D. bruxellensis were deposited at NCBI under the

accession number DQ409181 and DQ409182, respectively.

Cluster analysis

The fingerprinting amplification patterns of yeast isolates were submitted to pair-wise
comparison by the Unweighted Pair Group Method with Arithmetical Average (UPGMA) using
Jaccard’s coefficient with the NTSYS software pc2.1. Sequencing data were analyzed in BioEdit

software and submitted to BLASTn analysis using NCBI database (www.ncbi.nlm.nih.gov).

Further, multiple alignment of yeast sequences recovered from BLASTn was performed by

CLUSTALW (www.ibi.co.uk) and used for phylogenetic analysis in MEGA 3.0 software.

Fermentation assays
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Yeast cells were cultivated in 15x150 mm culture tubes for 16 hours at 30°C without agitation in
10 mL growth medium containing (g.I'"): sucrose, 20; (NH4):SOs, 7.5; KH,PO, 14.4;
MgSQO,.7H,0, 0.5. Two milliliters of sterile trace elements solution and one milliliter of sterile
vitamin solution were added per liter of medium at pH 6.5 (Verduyn et al. 1992). The cultures
were transferred for 500 mL flasks containing 90 mL growth medium and cultivated for
additional 24 h and 30°C at 125 rpm. At the end of growth, cell density in the cultures were
determined at 600 nm and the cells were collected by centrifugation, washed in sterile 0.85%
saline and suspended in defined fermentation medium for initial optical density of 120. Defined
fermentation medium contained (g.I') sucrose (100), (NH4):SOs (5.0), KH,PO, (3.0),
MgS0,.7H,0 (0.5) supplemented with trace elements and vitamins as above. Cell suspensions
were transferred to 20 x 180 mm closed tubes with a small off gas tubing, and incubated at 33°C
with low agitation. Fermentation was considered finished as the cultures stopped producing CO..
Cell growth was evaluated by measuring the optical density at the start and the end of
fermentation. Sugar consumption, ethanol and glycerol production were evaluated from the
concentrations found in the supernatant after centrifugation at the fermentation end.

Glycerol concentration was measured by using the enzymatic GPO-PAP kit (Laborlab, Brazil).
Ethanol concentration was measured in a Varian 3600 gas chromatography device at distillery A.
Sucrose was measured by the dinitrosalisilic acid method with the following modification: one
milliliter of the fermentation must was mixed with 100 pl of 1 M NaOH and incubated at 100°C

for five minutes. The calibration curve was prepared with pure sucrose.

RESULTS

Yeast contamination in alcohol production plants fermenting crude sugar cane juice
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In must samples from several distilleries of Northeastern Brazil fermenting crude sugar
cane juice, it is common to observe the presence, in high counts, of yeast cells that are
morphologically different from the S. cerevisiae cells used as the starter culture. In WLN plates,
those cells form small, dark-green, smooth-bordered colonies with 1-2 mm diameter which
appear only after 5 days of incubation. It contrasts to S. cerevisiae colonies appearing after 2 days
of incubation, which are pale-green, smooth-bordered, large colonies with 3-4 mm diameter with
a dark-green region in the center. At the microscope, different cell morphologies are also
promptly recognizable, with S. cerevisiae cells being three times larger than the non-S. cerevisiae
cells. Based on biochemical tests, these isolates were consistently identified as belonging to the
species Dekkera (Brettanomyces) bruxellensis (data not shown). Molecular identification of such
small cells were done (see below). Additionally, sporulation experiments performed with several
of such isolates invariably showed ascospore formation, indicating that they belong to the
teleomorph Dekkera and not to the anamorph Brettanomyces species.

Using the readily recognizable morphology of D. bruxellensis plate colonies, one of the
distilleries surveyed in this study (distillery A) recorded on a daily basis the dynamics of the
yeast cell population during the six-month period of fermentation of the 2004-2005 sugar cane
harvesting season. It can be observed in Fig. 1a that during the first 15 days only S. cerevisiae
cells were detected in the process. Thereafter, the sub-population of D. bruxellensis started rising
to achieve almost 50% of the yeast population. At that point, the entire yeast biomass in the
industrial plant was replaced with a pure batch of newly propagated S. cerevisiae cells, bringing
down D. bruxellensis cells count to less than 2% (Fig. 1a). Despite this intervention, the D.
bruxellensis sub-population increased again and was able to overcome S. cerevisiae in about 30
days. That oscillation in the yeast population lasted for the whole crop-harvesting season, with

periodic interventions by injecting new batches of pure S. cerevisiae to the process. A small but
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economically relevant decrease of the industrial ethanol yield was observed when D. bruxellensis
counts increase (Fig. 1a).

The recurrent rise of D. bruxellensis subpopulation could not be related to any particular
operational condition. The average values of pH and total acidity concentration were 3.68 (+ 0.2)
and 2.70 g.I" (+ 0.39), respectively, without noticeable changes in the periods where D.
bruxelensis counts were high (Fig. 1b). The ethanol content in the fermented must varied from
5.62% to 8.37% (v/v), mainly due to fluctuations in the sugar content of the feeding flow, but no
correlation to the yeast population dynamics could be established for lower or higher values (Fig.
1b). The same can be said regarding the temperature or the bacterial cell count in the must (data

not shown).
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Figure 1. Industrial data of the fermentation process at distillery A in the harvesting period 2004-
2005. A. The dynamics of the yeast population was followed and represented by S. cerevisiae
cells (Sc line) and D. bruxellensis cells (Db line). Industrial yield is plotted (Y line). B. Ethanol
concentration (EtOH line), pH variation (pH line) and total acidity concentration (acidity line) in
the course of fermentation. The asterisks indicate the period when contaminated population was
replaced by pure S. cerevisiae batches.

To become predominant in the yeast population, D. bruxellensis cells must be grow at a
higher rate than S. cerevisiae cells in the same conditions. From the population data presented in

Fig. 1, it is not possible to quantify the growth rate of each subpopulation alone, but one can

estimate the difference between the growth rates of the two subpopulations that is needed to
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explain the observed dynamics (see details in the Appendix). As shown in Fig. 2, calculations
made over two different time periods of the harvesting season indicate that D. bruxellensis
specific growth rate was, in average, 0.014 h™ higher than that of S. cerevisiae cells in the

fermentation conditions prevailing in distillery A.

y=-00139x + 4 3387
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Figure 2. Estimate of the difference between the growth rate of S. cerevisiae and D. bruxellensis
at the fermentative process in distillery A, during the harvesting season 2004-2005. The growth
rate gap (uSc — uDb) is given by the slope of the straight lines following the prodedure described
in the Appendix. The calculations were made from the estimations using dynamic data from day
15 to 30 (panel A) and from day 175 to 190 (panel B) calculated with the population dynamic

data on Figure 1. Those periods represent August 2004 (panel A) and January 2005 (panel B).
See details in the appendix for the calculations.

Molecular characterization of industrial D. bruxellensis isolates

Different yeast isolates from distillery A were typed by using a microsatellite-based
primer (GTGs), and only two main fingerprinting patterns, named Sc and C1, were obtained (Fig.
3). The pattern Sc (shown in Fig. 3a, lanes 4-5 and 10-11) corresponds to the typical S. cerevisiae

(GTG)s fingerprinting pattern described in a previous report (Silva-Filho et al. 2005a). In that
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work it was shown that a subset of much conserved bands of the amplification pattern could be
used for S. cerevisiae species recognition, whereas polymorphic bands can be used for intra-
specific discrimination of S. cerevisiae strains. The second fingerprinting pattern found in
distillery A (pattern C1) corresponds to different D. bruxellensis isolates (Fig. 3a, lanes 1-3 and
6-9), which indicates that these two yeast species are readily distinguished by (GTG)s typing.
This C1 pattern has been previously observed (Silva-Filho et al. 2005b). Specific PCR analysis
confirmed these results, as described below. First, DNA extracts from the small dark-green
colonies produced the same fragment of 510 bp after amplification of the ITS1-5.8S-ITS2 rDNA
region, in contrast with S. cerevisiae isolates, which yielded an 850 bp fragment for the same
DNA locus (Fig. 3b). After digestion with Haelll, the S. cerevisiae-derivative rDNA fragment
produced four typical bands of 325, 230, 175 and 125 bp, while the digestion of D. bruxellensis
rDNA fragments yielded two bands of 380 and 100 bp (data not shown). Second, the use of
Dekkera-specific PCR primers (Cocolin et al. 2004) produced a 310 bp fragment for the same
DNA samples (Fig. 3c), but no amplification was obtained from S. cerevisiae isolates (Fig. 1c,
lanes 4-5 and 10-12). The specificity of DB primers for D. bruxellensis was confirmed since no
amplification was observed for other yeast species previously isolated in our laboratory from
fuel-ethanol distilleries (Fig. 4). This species-specific PCR results also support the biochemical
identification of the C1-type isolates as D. bruxellensis.

We further investigated the presence of this contaminant yeast in three other distilleries,
two of them fermenting crude sugar cane juice (distilleries B and C) and the other using a blend
of cane juice and molasses (distillery D) (Fig. 5). In those analysis, DNA fingerprinting with the
microsatellite primer (GTG)s yielded two fingerprinting patterns for colonies presenting D.
bruxellensis-like morphology. These patterns were classified as C1-type (Fig. 3 and Fig. 5a) and

C4-type (Fig. 5a, lanes 6, 10 and 11), both presenting variations due to polymorphic bands.
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Figure 3. Amplification profile of yeast isolated from the fermentation process at Distillery A.

Industrial samples were plated onto WLN plates and the DNA from individual yeast colonies
were submitted to amplification with primers (GTG)s (A), Its4-1ts5 (B) and DB90F-DB394R (C).
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Figure 4. DNA amplification of yeast isolates belonging to D. bruxellensis (lanes 2-6) and a
representative of yeast species isolates from the fermentation process and identified as S.
cerevisiae (lanes 7-8), Candida tropicalis (lane 9), Pichia ohmeri (lane 10), Hanseniaspora
guilliermondii (lane 11) and Zygoascus hellenicus (lane 12).

A second PCR marker based on the intron splicing site sequence (primer E1) was used as an
additional tool for yeast discrimination. Again, two distinct amplification patterns were generated
for Cl-type isolates and for C4-type isolates (Fig. 5b), both presenting polymorphic bands.
However, despite the differences between their fingerprinting patterns, isolates of both C1 and

C4-types yielded the same 510 bp I1TS1-5.8S-1TS2 fragment (Fig. 5¢), as well as the 310 bp

Dekkera-specific fragment (Fig. 5d). Restriction analysis of the rDNA fragment produced by C1
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and C4 isolates also yielded identical profiles (data not shown). In view of these results, C4-type
isolates were also temptatively identified as D. bruxellensis.

The presence of several polymorphic bands in the fingerprinting patterns of D. bruxellensis
isolates from different distilleries indicates the prevalence of a high intra-specific genetic
variability among these industrial isolates. By clustering those amplification patterns it was
possible to limit the C4-type pattern to distillery D (Fig. 6), and is worth noting that no
representative of the C4-type was ever isolated in other distilleries we have studied so far (data
not shown). However, in the same distillery D, C1-type D. bruxellensis isolates were found to
coexist with C4-type isolates (Fig. 6). It was also observed that the same Cl-type pattern was
shared by isolates from different distilleries, while isolates having two different variations of the
C1 pattern could be found in the same distillery (Fig. 6). It indicates that, in contrast to the
geographical delimitation observed so far for C4-type isolates, there was no specific location to
Cl-type D. bruxellensis. Finally, it is worth noting that we never found C1 or C4 isolates in

distilleries E and F that ferment molasses (data not shown).
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Figure 5. Fingerprinting analysis of different D. bruxellensis isolates from different distilleries.
DNA samples were amplified with primers (GTG)s (A), Intron E1 (B), Its4-1ts5 (C) and DB90F-
DB394R (D).
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Figure 6. Dendrogram for genetic similarity by using the DNA fingerprinting data of different
industrial isolates of D. bruxellensis. Distance matrix was done by Jaccard’s method and the
yeast isolates were clustered by UPGMA tree-making method (MEGA software 2.1). The S.
cerevisiae P1 strain (Silva-Filho et al 2005a) was used as out-group.
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One isolate of each C1 and C4 types were submitted to DNA sequencing analysis of the
D1/D2 domain of the 26S rDNA gene. BLAST analysis revealed that both sequences were
99.54% homologous to D. bruxellensis sequences at Gene Bank. Significant sequence similarities
to other yeast species were also observed, especially to D. anomala (96.29% homology, with ten
mismatches and six gaps). A phylogenetic analysis of these sequences confirmed the position of

C1 and C4 isolates at the D. bruxellensis cluster (Fig. 7).
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Figure 7. Phylogenetic tree by using the 26S rDNA gene sequences of Dekkera/Brettanomyces
clade. Nucleotide sequences of C1 and C4 industrial isolates were used for BLAST analysis and
the most similar yeast sequences were collected for distance matrix construction using Tamura-
Nei (with Gamma distribution) method and clustered in a cladogram by Neighbor-Joining tree-
making method (MEGA software 2.1). The consistence of each branch was tested by 1000
bootstrap replicates and the statistics are shown. The scale bar accounts the substitution rate
differences between nucleotides.
Physiological characterization of industrial D. bruxellensis isolates

Physiological analysis of several D. bruxellensis isolates was performed in non-aerated,
high cell density batch cultures using a defined fermentation medium. It must be noted that this
medium has higher nitrogen content than the natural media actually used in industrial distilleries.
These batch experiments also differ from industrial conditions because during the assay the C-

source concentration is in average much higher than that prevailing in industrial continuous

fermentation processes, where residual sugar concentration is quite low. Table 1 shows that in
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laboratory experiments different C1 isolates showed different physiological patterns. Glycerol
production varied from 0.22 to 9.31 g.I"* and a huge difference was observed in total sugar
consumption during the experiment. However, the ethanol yield of C1 isolates was in average
similar to that observed for a S. cerevisiae strain isolated from the fermentation process, which is
in contrast with the lowering of the ethanol yield perceived in severe D. bruxellensis
contamination episodes in industrial plants (Fig. 1). In comparison to the S. cerevisiae strain, the
most significant difference was observed in fermentation time. At similar cell densities, S.
cerevisiae finished the fermentation in two hours, while C1 isolates took at least four hours to
convert sugar to ethanol. Therefore, ethanol productivity of the S. cerevisiae industrial strain was

at least twice as high as all D. bruxellensis isolates tested (Table 1).

DISCUSSION

In Brazil, the fuel alcohol fermentation process is carried out in continuous fermentors on
non-sterilized cane juice and/or molasses, and yeast cells are recycled after centrifugation. The
bacterial population, composed mainly by lactic acid bacteria, is normally maintained at
relatively low counts with the addition of sulfuric acid (and, in some cases, of industrial
antibiotics). However, the same procedure is not effective to control the population of non-S.
cerevisiae Yyeasts. Occasionally, operational problems of decreasing ethanol yield and slow
fermentation are associated to high counts of these contaminant yeasts. In this report, we show
that because of its ability to displace S. cerevisie cells in the yeast population, Dekkera
bruxellensis represents one of the most important contaminant yeasts in industrial distilleries

fermenting crude sugar cane juice in
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continuous process systems in Brazil. Dekkera/Bretanomyces has been reported as important
contaminant yeast of fermentation processes in USA and Canada (Abbott el et. 2005) and in

Europe (de Miniac 1989; Ciani et al. 2003).

Table 1. Physiological characterization of different D. bruxelensis strains isolated from the fuel-
ethanol process.

Residual Ethanol Yess Ethanol

Yeast Glycerol sugar (g.|_'1) g ethanol Fermentation (g_|'1_h'1)
-1 -1
@) (9.1") (g.sucrose) time (h)

C1-11  0.27+0.09 0.13+£0.05 39.15+6.23 0.33 5 7.83
Cl1-12 0.28+0.09 0.11+£0.15 4226+154 0.35 5 8.45
C1-20 0.22+0.04 1353+3.11 28.07+6.19 0.26 5 5.64
Cl1-31  7.94+0.79 131+167 41.56+1.02 0.35 5 8.31
C1-32 9311084 0.68+0.55 37.80+4.13 0.32 4 9.45
Cl-41 0.67+0.22 8.8+8.64 39.45+259 0.35 8 4.93
Cl-42 0.47+0.03 20.47+20.33 35.25+8.33 0.35 8 441
Cl1-51 042+0.11 20.76+8.16 31.64+9.49 0.32 6 5.27
Cl1-52 042+0.04 21.12+6.99 30.39+0.89 0.31 5 6.08
MA64 7.50+0.18 166+136 38.48+4.71 0.32 2 19.24

The growth rate of Dekkeral Brettanomyces is usually much lower than that of S.
cerevisiae When tested in fully supplemented, freshly inoculated natural media in laboratory
batch cultures, either in aerobic or anaerobic conditions (Ciani et al. 2003; Abbot et al. 2005).
However, the population dynamics data presented above indicates that D. bruxellensis can grow
faster than S. cerevisiae cells in an industrial continuous system, with an average gap between
specific growth rates of about 0.014 h™. The higher fitness shown by D. bruxellensis in these
conditions could be related either to a nutritional factor (e.g. a higher affinity for a limiting
substrate), or to an enhanced tolerance to an environmental stress, such as the accumulation of
inhibitory compounds in the industrial must.

It has been suggested that a greater tolerance of Dekkera/Brettanomyces to acetic acid in

comparison to S. cerevisiae could explain outbreaks of the former species in alcohol producing
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plants (e. g. de Miniac 1989). Acetic acid is a normal by-product of the alcoholic fermentation,
and can also be produced by contaminant microrganisms, including Dekkera/Brettanomyces
yeasts (Free et al. 2003). In whole corn mash medium, the presence of acetic acid at
concentration above 0.45% (w/v) in combination to 0.25% (w/v) lactic acid did inhibit the growth
of S. cerevisiae and only retarded Brettanomyces growth (Abbott et al. 2005). This last compound
may be produced by lactic acid bacteria, which are present in counts in the range of 10° to 10’
cell.mI™ (Skinner and Leathers 2004). But detailed inhibition studies carried out in batch cultures
on different natural media have shown that the concentration of acetic acid required to favor the
growth of Dekkera/Brettanomyces yeasts over S. cerevisiae is well above those usually found in
industrial musts (Phowchinda et al. 1995; Abbott et al. 2005). Moreover, the industrial outbreaks
of Dekkera yeasts reported in this work were not correlated to an increase of the medium acidity
(Fig. 1b), suggesting that the accumulation of acetic acid was not the primary cause for the
slower growth of S. cerevisiae. In a continuous fermentation system with cell recycle, very high
cell densities are reached and the supply of nutrients for cell growth becomes limited. In such a
nutrient-limited environment, competing populations are growing at sub-maximal rates, and
competition is determined mainly by the ability to scavenge the growth-limiting factor. If
Dekkera cells metabolize an available nutrient more efficiently, or if Dekkera cells are able to
uptake a limiting nutrient with greater affinity than S. cerevisiae, its growth rate may well be
greater than that of S. cereviae in that particular condition. A better understanding of the factors
involved in the enhanced fitness shown by Dekkera yeasts in continuous fermentation plants is
needed for the development of a more effective strategy to prevent outbreak events.

It is worth noting that during this study no D. bruxellensis isolates were recovered in
samples from distilleries fermenting sugar cane molasses. Molasses is a by-product of sugar

production and contains a number of potentially growth inhibiting compounds such as furfural
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and SO,, the later being added during the fabrication process for sugar bleaching. Sulfite is a
well-known conservative used to preserve wine and other beverages from spoilage by yeast. As
many Dekkera/Brettanomyces strains show sensitivity to sulfite (e.g. du Toit et al. 2005), this
could explain the absence of D. bruxellensis in distilleries fermenting molasses. This observation
may prove useful in preventing contamination by this yeast in distilleries fermenting crude sugar
cane juice.

An inspection in the literature discussed above indicates that different strains of D.
bruxellensis were studied, and even not completely identified Brettanomyces spp. isolates were
used. Strain variation may explain the differences in the physiological response of acetic acid
production and sulfite resistance presented in the literature. We have used PCR-fingerprinting
analysis that resulted in 10 amplification patterns for D. bruxellensis isolates from different
distilleries, or from the same distillery at different times. Two main clusters were observed, C1
and C4-type patterns. Despite their molecular identification as D. bruxellensis, both types
displayed a considerable difference between them. Nevertheless, a number of conserved bands
were observed in each type, and some polymorphic bands can be used for discriminating isolates
of each C1 and C4 (Figs. 3 and 4). Similarly, wine isolates of D. bruxellensis from Californian
wineries could be discriminated and separated into two groups by karyotyping and both groups
were discriminated for different vintages by extending the analyses of those isolates by RAPD-
PCR (Mitrakul et al. 1999). In the present work, not only different isolates were found in the
same distillery but a given strain was isolated in different distilleries at the same harvesting
period, i.e. the patterns GI-0304(5) and JP-0304(2). Therefore, different D. bruxellensis strains
can share the same population and might have different contribution to fermentation problems.

In laboratory fermentations D. bruxellensis cells presented ethanol yield similar to one

industrial S. cerevisiae strain, although they showed lower ethanol yield when compared to
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commercial strains (Silva-Filho et al. 2005b). Moreover, they presented longer fermentation
times and higher residual sugar comparing to S. cerevisiae. This is in accordance to previous
report, where fermentation time for Dekkera spp. was twice higher than that of S. cerevisiae
(Ciani et al. 2003). Those problems were related by the Distillery A during episodes of severe
contamination by D. bruxellensis showed in Fig. 1, which implies in operational problems and
decrease the overall industrial yield. Therefore, rapid detection of D. bruxellensis cells in the
process is desirable at the industry. Several reports have proposed the use of real-time PCR
approach to detect and quantify this yeast in wine (Phister and Mills 2003). Despite its sensitivity
and accuracy, this approach is quite expensive for industrial routine use. We recently presented a
method based on rDNA-PCR amplification of industrial samples to detect the presence of non-S.
cerevisiae (de Souza-Liberal et al. 2005), which still requiring improvements to be considered
quantitative method. Nevertheless, this method is now being industrially used in the harvesting
period 2005-2006 by using both ITS (Fig. 4c) and the species-specific DB primers (Fig. 4d) for
direct amplification of fermentation samples, so that we can rapidly detect the presence of this
contaminant yeast. This approach could help the distilleries to shortly avoid severe

contaminations and eliminate economical lost as consequence.
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APPENDIX

Estimation of the growth rate gap between S. cerevisiae and the contaminant species
Selected sets of the industrial population dynamics data depicted in Fig. 1 were used to estimate
the growth rate gap between the two subpopulations. The two cell types were considered to be
growing at constant but different growth rates in a continuous fermentation system with cell
recycle by centrifugation. In this system, the dynamics of each subpopulation can be written as

follows:

drx,) _
dt

/ui(VXi)_QXV,' Eq |

where y; is the specific growth rate of the subpopulation i, X; and Xj; respectively are the cell
counts in the fermentation system and in the centrifugation efflux stream, 7 is the system volume
and Q is the volumetric flow rate leaving the system from the centrifuge. For each set of dynamic
data, /" and Q can be considered to be constant during the period of observation. Considering, in
addition, that for each subpopulation the cell count in the efflux stream is proportional to the cell
count in the system (i.e. the centrifuge operates with a constant concentration factor a; = X;/X),
Eq. | may be rewritten as follows:

dx.
i —aq)X. Eq. Il
" (u, —.q) X, q

where g = Q/V. For each subpopulation, the integration of Eq. Il over time gives
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X, = X et Eq. I
The fraction of contaminant cells in the population (F¢) is then given by the following equation,
where the subscripts S and C refer to the subpopulations of S. cerevisiae and the contaminant
species:

(Hc—acq)t

X X
c— - (us—asq)t (te—acq)t
X+ X Xge™ 5+ X e

Eq. IV

Assuming that the concentration factors ag and o of both cell types are equal (i.e. that is no
preferential separation during centrifugation), after some rearrangement Eg. IV can be simplified

to

1 X
In(7—1J=InX—”+(yS—yc)t Eq.V

C Cco
The difference between the growth rates of the two subpopulations can then be obtained from the

slope of a straight line by plotting In(1/F¢ — 1) against time.
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ABSTRACT

The aim of thois work was to identify and characterize the main contaminant
yeast species detected in fuel-ethanol production plants in Northeast region
of Brazil by using molecular methods. Total DNA from yeast colonies isolated
from the fermentation must of industrial alcohol plants were submitted to
PCR fingerprinting, D1/D2 28S rDNA sequencing and species-specific PCR
analysis. The most frequent non-S. cerevisiae isolates were identified as
belonging to the species Dekkera bruxellensis, and several genetic strains
could be discriminated among the isolates. The yeast population dynamics
was followed on a daily basis during a whole crop harvesting period in a
particular industry, showing the potential of D. bruxellensis to grow faster
than S. cerevisiae in industrial conditions, causing recurrent and severe
contamination episodes. The results showed that D. bruxellensis is one of the
most important contaminant yeasts in distilleries producing fuel-ethanol from
crude sugar cane juice, specially in continuous fermentation systems. Severe
contamination of the industrial fermentation process by Dekkera yeasts has a
negative impact on ethanol yield and productivity. Therefore, early detection
of D. bruxellensis in industrial musts may avoid operational problems in

alcohol producing plants.
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5.0 -

CONCLUSOES

O principal isolado ndo-S. cerevisiae proveniente da fermentacédo de
alcool combustivel em destilarias de Pernambuco e da Paraiba foi
indentificado a partir de provas bioquimicas e sequénciamento de DNA
como pertencente a espécie Dekkera bruxellensis;

Os dados industriais mostraram a alta adaptabilidade desta levedura
ao processo industrial, contrariamente aos resultados da literatura que
mostram que essas leveduras nao apresentariam condi¢cdes de afetar a
fermetacdo por apresentar menor taxa de crescimento especifico em
relacdo a S. cerevisiae;

Os padrdes de amplificagdo por DNA-fingerprinting proporcionaram a
identificacdo desta levedura nas varias destilarias estudadas;

Dois padrbes distintos de amplificacdo foram evidenciados para
Dekkera bruxellensis, mostrando a grande variabilidade genética nesta
espécie;

Os resultados fisiolégicos distintos encontrados para os diferentes
isolados concordam com a variabilidade genética mostrada;

Os marcadores genéticos utilizados servirdo para o estabelecimento de
procedimentos de analises da populacdo de leveduras visando o

controle microbiolégico do processo.

58



Liberal, A.T.S. - 2006 - D. bruxellensis como contaminante industrial
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Journal of Applied Microbiology
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Journal of Applied Microbiology publishes research and review papers on all aspects of
applied microbiology; including environmental, food, agricultural, medical,
pharmaceutical, veterinary, taxonomy, soil, systematics, water and biodeterioration.
Papers reporting work on all microorganisms, including viruses, are welcomed providing
they demonstrate new findings of relevance to the field as a whole.

Rapid Production: Average time from acceptance to publication is now around 5
months.

The preparation and presentation of manuscripts

Manuscripts should be drafted as concisely as possible. As space in the Journal is at a
premium, the Editors always reserve the right to require authors to reduce the length of
their manuscripts. Manuscripts will not be reviewed unless the English is of a
publishable standard. By submission of a manuscript to the journal, all authors warrant
that they have the authority to publish the material and that the paper, or one
substantially the same, has neither been published previously, nor is being considered
for publication elsewhere.

Format of papers
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Manuscripts should be prepared using a word-processor. Text must be double-spaced,
and the right hand margin justification should be switched off. Similarly, artificial word
breaks at the end of lines must be avoided. A margin of at least 2.5 cm should be left
around the text. The pages of the manuscript must be numbered consecutively, and
should have line numbers. Do not use the carriage return (enter) at the end of lines
within a paragraph. Turn the hyphenation option off. The first page should show: (a) the
title; (b) name(s) of author(s) and place(s) where the work was done; (c) an abbreviated
running headline not exceeding 35 letters and spaces; (d) the name, complete mailing
address, email address, telephone and fax numbers of the author to whom all
correspondence should be addressed and who will check the proofs. Authors may be
advised that short papers not exceeding four published pages would be better placed in
Letters in Applied Microbiology.

Submissions

Authors are invited to suggest at least three reviewers. It is not appropriate for reviewers
to be members or former members of the authors' organization(s), or to have been
associated with them. Conversely, authors may identify, with appropriate justification,
reviewers or institutions that they would prefer were not approached. Authors are
advised that Editors reserve the right to select reviewers of their choice.Authors
are advised to submit their manuscripts online at
http://appliedmicrobiology.manuscriptcentral.com/ . If you experience difficulties
submitting your manuscript online you should first contact the Editorial
Assistant jam@oxon.blackwellpublishing.com. A helpline for technical support is
accessible on the online submission site. Save your complete manuscript as a Word
document (.doc), Rich Text Format (.rtf), Portable Document Format (.pdf) or PostScript
(.ps) file. The file will be converted to a PDF when uploaded. All original files that you
upload will be available and can be accessed by the Editorial Office if necessary.

1. Full-length papers

The paper should have as its aim the development of concepts as well as the
recording of facts. The manuscript should be prepared for a wide readership. As far
as possible the paper should present the results of a substantial programme of
research. Sequential publication of numbered papers will not be permitted.

The paper will have the following sections:

(@) ABSTRACT: A brief summary of about 150-200 words, should give the major
findings of the investigation under the following headings: Aims; Methods and
Results; Conclusions; Significance and Impact of Study. A list of between five
and eight keywords should be added;

(b) INTRODUCTION: A balance must be struck between the pure and applied
aspects of the subject;

(c) MATERIALS AND METHODS: Ensure that the work can be repeated according
to the details provided. By submission of a manuscript, the authors consent that
biological material, including plasmids, viruses and microbial strains,
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unobtainable from national collections will be made available to members of the
scientific community for non-commercial purposes subject to national and
international regulations governing the supply of biological material. In the case
of a new diagnostic PCR, you should consider the need for an internal
amplification control

(JAM 2004 96(2):221; available at http://www.blackwell-
synergy.com/links/doi/10.1046/].1365-2672.2003.02188.x/full );

(d) RESULTS: Well-prepared tables and figures must be a cardinal feature of the
'Results’ section because they convey the major observations to readers who
scan a paper. Information provided in tables and figures should not be repeated
in the text, but focus attention on the importance of the principal findings of the
study. In general, journal papers will contain between one and seven figures and
tables;

(e) DISCUSSION: This must not recapitulate the results and authors must avoid the
temptation of preparing a combined 'Results and Discussion' section;

(H ACKNOWLEDGEMENTS;

() REFERENCES: Citation of references having three or more names should be
cited in the text as Jones et al. (1992) at the first and subsequent times of
qguoting the reference unless this causes confusion, e.g. Jones, Brown and
Green (1992) and Jones, Green and Smith (1992) would have to be quoted in
full. A series of references should be given in ascending date order (Green and
Smith 1946; Jones et al. 1956). Different publications having the same author(s)
and year will be distinguished by, for example, 1992a, 1992b. This also applies
to the Bibliography. Papers or other publications having no obvious author(s)
should usually be cited as 'Anon." with the year in the text and bibliography.
References to papers not freely available to the public without charge are not
acceptable. Web sites should be quoted in the text with an access date.

Layout of references

The Harvard system should be used. Names with the prefixes de, do van, von, etc. will
be placed in alphabetical order of the first letter of the prefix, e.g. von Braun would
appear under 'V'. Where italics are intended, words must either be typed in roman and
underlined or printed in italics from a word processor. Abbreviate journal titles according
to Index Medicus (http://www.nlm.nih.gov/tsd/serials/terms_cond.html). The following is
an example of order and style to be used in the manuscript:

Laverick, M.A., Wyn-Jones, A.P. and Carter, M.J. (2004) Quantitative RT-PCR for the
enumeration of noroviruses (Norwalk-like viruses) in water and sewage. Lett Appl
Microbiol 39, 127-135.

Garner, J.S. and Favero, M.S. (1985) Guidelines for Handwashing and Hospital

Environment Control. US Public Health Service, Centers for Disease Control HHS No.
99-117. Washington DC: Government Printing Office.
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Fricker, C.R. (1995) Detection of Cryptosporidium and Giardia in water. In Protozoan
Parasites in Water ed. Betts, W.B., Casemore, D., Fricker, C.R., Smith, H.V. and
Watkins, J. pp.91-96. London: The Royal Society of Chemistry.

Personal communications should be cited in the text with initials and family name of all
individuals.

English usage

Numbers in text: one to nine in full; 10 and above as numerals. Use 'z' spelling where
possible, except analyse, dialyse, hydrolyse, etc.; sulfur, sulfate, etc.

Headings

The hierarchy of the headings used is: First Order

MATERIALS AND METHODS

Second Order

Sample preparation

Third Order

The media

First paragraph runs on; second and subsequent paragraphs indented.

Abbreviations and units

The Journal uses Sl units: g I-1 not g/l; d, h, min, s (time units) but week and year in full;
mol I-1 (not M or N); probability is P; centrifugation conditions relative to gravity (g).

Please refer to the Biochemical Journal ‘Instructions to Authors'
www.biochemj.org/bj/bji2a.htm.

Microbial nomenclature

The Latin binomial name of micro-organisms, plants and animals (other than farm
animals) must be given at first mention in the text; thereafter the generic name will be
abbreviated in such a way that confusion is avoided when dealing with several genera
all beginning with the same letter, viz. Pseudomonas, Proteus, Pediococcus, etc. (see
list of abbreviations below). Subspecies are italized (Corynebacterium diphtheriae
subsp. mitis); groups and types are printed in Roman and designated by capital letters
or Arabic figures (e.g. Staphylococcus aureus group

A). Common names will not have an initial capital letter nor will they be underlined in the
manuscript, viz. pseudomonad, salmonellas. The specific name will be given in full in the
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captions to tables and figures. Major ranks are written in Roman with an initial capital
(e.g. Enterobacteriaceae) . Here is a list of abbreviations currently in use for common
generic names: Acet., Acetobacter; Ac., Acinetobacter; Act., Actinomyces; Aer.,
Aeromonas; Ag., Agrobacterium; Alc., Alcaligenes; Alt., Alteromonas; B., Bacillus; Bact.,
Bacteroides; Bord., Bordetella; Bran., Branhamella; Br., Brucella; Camp.,
Campylobacter; Cit., Citrobacter; Cl., Clostridium; Coryne., Corynebacterium; Cyt.,
Cytophaga; Des., Desulfomonas or Desulfovibrio (spell out if both appear in same
paper); Edw., Edwardsiella; Ent., Enterobacter or Enterococcus (spell out if both appear
in same paper); Erw., Erwinia; E., Escherichia; Eu., Eubacterium; Fl., Flavobacterium;
Fus., Fusobacterium; G., Gemella; H., Haemophilus; Kl., Klebsiella; Lact., Lactobacillus;
L., Lactococcus; Leg., Legionella; Leuc., Leuconostoc; L., Listeria; Meth.,
Methanobacterium or Methanococcus (spell out if both appear in same paper); Mic.,
Microbacterium; M., Micrococcus; Mor., Moraxella; Myco., Mycobacterium; Myc.,
Mycoplasma; N., Neisseria; Nit., Nitrobacter or Nitrosomonas (spell out if both appear in
same paper); Noc., Nocardia; Past., Pasteurella; Ped., Pediococcus; Ple., Plesiomonas;
Pr., Proteus; Ps., Pseudomonas; Rh., Rhizobium; R., Ruminococcus; Salm., Salmonella;
Ser., Serratia; Sh., Shigella; Staph., Staphylococcus; Strep., Streptococcus; S.,
Streptomyces; T., Thiobacillus; V., Vibrio; X., Xanthomonas; Y., Yersinia. For plant
pathogenic bacteria, authors may need to refer to the list of pathovars compiled by the
International Society for Plant Pathology: Young, J.M., Bull, C.T., De Boer, S.H., Firrao,
G., Gardan, L., Saddler, G.E., Stead, D.E. and Takikawa, Y. Names of Plant
Pathogenic Bacteria Published Since 1995. Report of the Taxonomy of Bacterial Plant
Pathogens Committee of the International Society of Plant Pathology. Available at
http://www.isppweb.org/names_bacterial new2004.asp . In this, many species hames
not included in the Approved Lists (www-sv.cict.fr/bacterio) are reduced to the rank of
pathovar so that the original names are retained in a trinomial form. Where the pathovar
name is cited it may subsequently be abbreviated as follows: Pseudomonas syringae
pv. phaseolicola becomes P. s. phaseolicola. Reference to the two lists avoids the need
for citing past authors who named or renamed pathogens but, for completeness or
clarity, synonyms suggested by more recent work may have to be considered.The
nomenclature used when describing the species of salmonella should accord with the
system proposed by Le Minor and Popoff (http://www.bacterio.cict.fr/). Specifically, at
the first citation of a serotype the genus name is given followed by the word “serotype”
and then the serotype name. Names of serotypes should be in Roman type with the first
letter capitalised (for example Salmonella serotype Typhimurium). Subsequently the
name should be written with the genus (abbreviated) followed directly by the serotype
name (for example Salm. Typhimurium).

Nucleotide sequences

Nucleotide sequence data should be deposited in the EMBL/GenBank/DDBJ Nucleotide
Sequence Data Libraries and the accession number referenced in the manuscript;
Sequence data should only be included if they are new (unpublished), complete (no
unidentified nucleotides included) and if the sequence information itself provides
important new biological insights of direct relevance to the question addressed in the
manuscript. Generally sequences should not be submitted if the same gene has been
reported in another species unless a comparison with related sequences contributes
important new information;
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Presentation of nucleotide sequences should include clear indications of nucleotide
numbers and points of interest, e.g. promoter sequences, ribosome binding sites,
mutations, insertions, probe sequences, etc. In the case of comparisons, nucleotides
which differ between the sequences should be readily visible to the reader, e.g. by the
use of bold face, shading, boxing or by the use of a dash to represent identical
nucleotides. The font size used in the manuscript should facilitate appropriate reduction
of the figure.

Statistics

Tests must be presented clearly to allow a reader with access to the data to repeat
them. It is not necessary to describe every statistical test fully, as long as it is clear from
the context what was done. In particular, null hypotheses should be clearly stated.
Authors are urged to give consideration to the assumptions underlying any statistical
tests used and to assure the reader that the assumptions are at least plausible. Authors
should be prepared to use nonparametric tests if the assumptions do not seem to hold.
Tables

Tables must be prepared using the same word processing package as the manuscript
text. They should not be embedded but be placed immediately following the main text.
Do not submit tables separately. Tables must not include ruled vertical or horizontal lines
with the exception of headers and a footer (see example). The use of explanatory
footnotes is permissible and they should be marked by the following (shown in order of
preference): *, 1, 1, §, , **, T1 etc. For an example of JAM table style, click here.
Figures

Figures may be line drawings or photographs. They may be uploaded to the online
submission site as separate files or included within the manuscript following the text and
any tables. Do not embed figures in the text. All graphs, charts and diagrams must be
submitted in JEPG and photomicrography indicated by adding a bar representing a
stated length. Composite photographs can reduce the numbers that require publication.
The Journal will not accept figures illustrating SDS-PAGE and agarose gels, with
multiple lanes, where lane order has been rearranged using digital imaging software.
The figure should also show sufficient of the gel to reveal reference markers (e.g. the
sample origin and a tracker dye, or a lane of molecular mass markers). Captions should
be set out in the same manner as that used for figures.
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http://www.blackwellpublishing.com/authors/digill.asp

Colour figures. It is the policy of the Journal for authors to pay the full cost for the
reproduction of their colour artwork. Please note that if there is colour artwork in your
manuscript when it is accepted for publication, Blackwell Publishing require you to
complete and return a colour work agreement form before your paper can be published.
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with all relevant local animal welfare laws, guidelines and policies, and a statement of
such compliance should be provided to the Journal Editor. Where possible, alternative
procedures that replace the use of animals, either partially or completely, for example in
vitro biological systems, should be used. Where this is not possible, the minimum
number of animals should be used and pain and suffering reduced, consistent with
attaining the scientific objectives of the study. All reasonable steps must be taken to
ensure the humane treatment of animals, so as to minimize discomfort, distress and
pain. Animals in pain or moribund should be painlessly killed according to local
euthanasia regulations.

Gnotobiotic animals

The terminology for describing the environmental status of animals in gnotobiotic
experiments has established itself by usage. Germ-free implies freedom from any
detectable microorganisms or viruses and it is limited by the tests used to detect
contaminants. Conventional animals have a full complement of associated microbes.
Open conventional animals are housed in a standard animal house. Isolator
conventional animals are maintained in isolators and associated with full flora. Ex-germ-
free animals are those with an associated flora which have become conventional.
Supplementary material

Authors wishing to submit supplementary material (such as multimedia adjuncts, large
data sets, extra colour illustrations, bibliographies or any other material for which there is
insufficient space in the print edition of the Journal) must do so at the time of first
submission. This supplementary material is an integral part of the article and will be
reviewed accordingly. The availability of supplementary material should be indicated in
the main manuscript by a paragraph, to appear after the References, headed
'Supplementary material' and providing titles of figures and tables.

Review Articles

Review articles should not exceed 10-12 Journal pages.

Preparation of manuscript

These will present a substantial survey with an adequate historical perspective of the
literature on some facet of applied microbiology. Your manuscript should not be simply a
review of past work or be concentrated largely on unpublished results from your or
colleagues’ laboratory. We would prefer to see a distillation of early and present work
within the field to show progress and explain the present interest and relevance. It is
essential at the planning stage to realize that there is a limit to the number of pages
available. The final manuscript must not exceed 32 pages (A4) with double-spaced
typing, including references. The Tables and Figures must be considered as part of the
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text and the pages available for text reduced accordingly. References can make a
heavy demand on the pages available to you, and it is suggested that you select key
references only.

Manuscript presentation

The headings in these Review articles are of the author's choice; they should be listed
under the heading 'Contents' on page 2 of the manuscript. A short SUMMARY of 150-
200 words must be included. The first page of the manuscript must give only (a) the
title; (b) name(s) of author(s) and address; (c) an abbreviated title to be used for the
running headline not exceeding 35 letters and spaces; (d) the name, postal and email
address of the author to whom all correspondence should be addressed and who will
check the proofs.

The title should be as shown here. Lower case after first letter
The author(s) — I.M. Able, J. Brown and A. Lincoln.

Address — upper and lower case.

List of contents, to follow title page.

1. Summary

2. Introduction
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1 SUMMARY (left flush)

2 INTRODUCTION

3 INFECTIONS CAUSED BY PATHOGENS
3.1 Skin infections

3.2 Pulmonary infections

4 INCIDENCE

5 TREATMENT

. 6 CONCLUSIONS

7 REFERENCES
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2. Letters to the Editor

The Chief Editor will consider letters which will provide further debate on a particular
topic arising from the publication of a paper. Author(s) of the paper will be sent an
edited copy of the letter and they will have the right of reply. Both letters will be
published in the Journal.

Proofs
The corresponding author will receive an email alert containing a link to a web site. A

working email address must therefore be provided for the corresponding author. The
proof can be downloaded as a PDF (portable document format) file from this site.
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Acrobat Reader will be required in order to read this file. This software may be
downloaded (free of charge) from the following web site:
http://www.adobe.com/products/acrobat/readstep2.html This will enable the file to be
opened, read on screen and printed out in order for any corrections to be added. Further
instructions will be sent with the proofs. Hard copy proofs will be posted if no email
address is available. Excessive changes made by the author in the proofs, excluding
typesetter errors, will be charged separately.

Offprints

Authors will be provided with electronic PDF offprint of their article. This PDF may be
posted on the Contributing Authors' own website for personal or professional use, or on
the Contributing Authors' internal university or corporate network/intranet, or on a secure
external website at the Contributing Authors' institution, providing access is limited to
members of the Contributing Authors' university or corporation. Paper offprints may be
ordered at prices as quoted on the order form that accompanies proofs.

Exclusive licence

Papers are accepted on the understanding that the Journal is granted exclusive licence
to publish them.

OnlineOpen

OnlineOpen is a pay-to-publish service from Blackwell that offers authors whose papers
are accepted for publication the opportunity to pay up-front for their manuscript to
become open access (i.e. free for all to view and download) via Blackwell Synergy. Each
OnlineOpen article will be subject to a one-off fee of £1250 (equivalent to $2500),
excluding colour charges, to be met by or on behalf of the Author in advance of
publication. Upon online publication, the article (both full-text and PDF versions) will be
available to all for viewing and download free of charge. The print version of the article
will also be branded as OnlineOpen and will draw attention to the fact that the paper can
be downloaded for free via Blackwell Synergy.

Any authors wishing to send their paper OnlineOpen will be required to complete the
combined payment and licence form available from our website at:

http://www.blackwellpublishing.com/pdf/JJAM OQOF.pdf

(Please note this form is for use with OnlineOpen material ONLY..)

Once complete this form should be sent to the Editorial Office along with the rest of the
manuscript materials at the time of acceptance or as soon as possible after that
(preferably within 24 hours to avoid any delays in processing). Please do not inform the
Editorial Office that you intend to publish your paper OnlineOpen before that paper has
been accepted for publication.
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The copyright statement for OnlineOpen authors will read:

(c) [date] The Author(s) Journal compilation (c) [date] The Society for Applied
Microbiology

Author material archive policy

Please note that unless specifically requested, Blackwell Publishing will dispose of all
hardcopy or electronic material submitted 2 months after publication. If you require the
return of any material submitted, please inform the Editorial Office or Production Editor.

Abbreviations

These are some examples of common abbreviations used in Journal of Applied
Microbiology:

A, Absorbance

approx. or ca, approximately

at. wt., atomic weight

bp, base pairs

by vol, by volume (for greater than two component liquids)
cm2, per square centimeter

cpDNA, chloroplast DNA

D, attenuance

(see http://www.chem.gmul.ac.uk/iubmb/newsletter/1996/news3.html

Da (kDa), daltons (kilodaltons)

edn, edition

ed., editor(s)

ergs. sq. mm-1, ergs per square millimeter
IU, International unit

kbp, kilobase pair
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Mabs, monoclonal antibodies
MIC, minimal inhibitory concentration
mol 1-1, moles per litre
Mr,molecular mass

nm, nanometre

OD, optical density

OFAGE, orthogonal field alteration gel electrophoresis
ORF or orf, open reading frame
P, probability

PFG, pulsed field gradient

ppm, parts per million

recDNA, recombinant DNA

rev min-1, revolution per minute
SD, standard deviation

SE, standard error

subsp., subspecies

U, enzyme unit

UV, ultraviolet

VS, Versus

v/v, volume per volume

w/v, weight per volume

w/w, weight per weight

There is no need to define common acronyms such as ATP, EDTA, ELISA, GLC, PLC,
RNA or SDS-PAGE.
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OnlineEarly

Journal of Applied Microbiology is covered by Blackwell Publishing's OnlineEarly
service.

OnlineEarly articles are complete full-text articles published online in advance of their
publication in a printed issue. Articles are therefore available as soon as they are ready,
rather than having to wait for the next scheduled print issue. OnlineEarly articles are
complete and final. They have been fully reviewed, revised and edited for publication,
and the authors' final corrections have been incorporated. Because they are in final
form, no changes can be made after online publication. The nature of OnlineEarly
articles means that they do not yet have volume, issue or page numbers, so OnlineEarly
articles cannot be cited in the traditional way. They are therefore given a Digital Object
Identifier (DOI), which allows the article to be cited and tracked before it is allocated to
an issue. After print publication, the DOI remains valid and can continue to be used to
cite and access the article. More information about DOIs can be found at:
http://www.doi.org/faq.html.

Disclaimer

Whilst every effort is made by the Publishers and Editorial Board to see that no
inaccurate or misleading data, opinion or statement appears in this Journal, they wish to
make it clear that the data and opinions appearing in the articles and advertisements
herein are the sole responsibility of the contributor or advertiser concerned. Accordingly,
the Publishers and Editors and their respective employees, officers and agents accept
no responsibility or liability whatsoever for the consequences of any such inaccurate or
misleading data, opinion or statement.

Exclusive licence form: http://www.blackwellpublishing.com/pdf/jam caf.pdf
Colourwork Agreement form:
http://www.blackwellpublishing.com/pdf/SN Sub2000 X CoW.pdf
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