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APRESENTACAO DO TRABALHO

O presente trabalho descreve um estudo realizado com extratos vegetais
preparados a partir de folhas da espécie Eugenia pyriformis Cambess (Myrtaceae),
nativa do Rio Grande do Sul. Sera apresentado sob forma de artigo, que apos
avaliacdo da banca, e feitas as devidas correcdes, serd traduzido para o idioma
inglés e encaminhado a revista “Journal of Applied Microbiology” (ANEXO I). As
normas para publicacdo da revista estao descritas no Anexo II.

Em relacdo ao projeto apresentado no TCC I, o texto mencionava a
realizacdo de um ensaio in vitro com escovas dentarias, porém a metodologia
proposta ndo se mostrou adequada, devido a forte coloracdo dos extratos que
interferiu na avaliacdo dos resultados, ja que nédo foi possivel avaliar de forma
inequivoca a acao antimicrobiana e o uso de concentra¢cdes mais baixas de extrato,
diminuindo a coloragcédo, também ndo seria adequado optou-se por retirar esse

ensaio do artigo final.



ANEXO |

Artigo a ser encaminhado a revista Journal of Applied Microbiology.
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Significado e impacto do estudo: A carie dental € reconhecida como uma doenca
infectocontagiosa e seu desenvolvimento ocorre principalmente pela formacdo de
biofilme por Streptococcus mutans. Extratos obtidos através de folhas de Eugenia
pyriformis (Myrtaceae) apresentaram potencial antimicrobiano na formacédo do
biofiime dentario, 0 que demostra que estudos incentivando a busca pelos

possiveis mecanismos de acdo destes extratos sdo promissores.

Resumo
A formacdo de biofilme por bactérias € responsavel por iniumeras infeccbes
cronicas, as quais nao sao sensiveis aos antibidticos tradicionais. Comumente, a

formacdo de biofilme relaciona-se também ao desenvolvimento de carie dental
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causada por Streptococcus mutans. O poténcial antibiofilme dos extratos aquoso e
etandlico de Eugenia pyriformis (Myrtaceae) contra S. mutans foi avaliado
utilizando modelo de material hidrofdbico em microplacas de poliestireno com 96
pocos em concentracoes de 0,4 e 4,0 mg/mL de extrato. Ainda, utilizando a
metodologia de microdiluicio em caldo, foi possivel determinar a concentragédo
inibitéria minima (CIM) e a concentracao bactericida minima (CBM). Para ambos os
extratos os valores de CIM e CBM foram de 1,25 mg/mL e 2,50 mg/mL,
respectivamente. Os extratos apresentaram atividade antibiofilme, demonstrando,
na concentracdo de 4,0 mg/mL, uma inibicdo de 95,74% no extrato aquoso e
93,25% no etandlico. O extrato aquoso inibiu ainda, nesta mesma concentracao,

98,31% do desenvolvimento das bactérias planctonicas.

Palavras chave
biofilme, antimicrobianos, carie dental, Streptococcus mutans, Eugenia pyriformis

Cambess

Introducéo
O biofilme se constitui em uma comunidade estruturada de células microbianas,
alocadas em uma matriz polimérica, formada por proteinas, polissacarideos e DNA
microbiano extracelular, com capacidade de se aderir a superficies inertes ou vivas.
Esta matriz pode ainda abrigar mais de uma espécie microbiana e fornece
estabilidade estrutural e protecdo, além de ter o poder de causar infecgdes crbénicas
de pouca resposta a antibioticoterapia convencional (Taraszkiewicz et al. 2013).

A formagéo de biofilme esta relacionada ao desenvolvimento de cérie dental

(Macedo-Costa et al. 2009; Oliveira et al. 2011). A carie se origina da perda mineral



3
localizada, cuja causa é a presenca de acidos organicos provenientes da
fermentacdo microbiana dos carboidratos da dieta (Loesche 1993). Formado por
uma comunidade de microrganismos que se aderem a superficie dental, no biofilme
dentario destaca-se a espécie de bactéria Gram-positiva Streptococcus mutans.
Para o tratamento de doencas bucais, 0 antisséptico de escolha é a clorexidina,
porém ela provoca descoloracdo dos dentes, ulceracdo da mucosa oral, alteragédo
da percepgdo gustativa e ainda, no caso de uso diario prolongado, resisténcia
(Macedo-Costa et al. 2009; Oliveira et al. 2011).

Para o controle do biofilme, muitas substancias antimicrobianas sé&o
utilizadas. Entre elas destacam-se as substancias naturais, que tem se constituido
numa alternativa biologicamente viavel, por serem muitas vezes amplamente
disponiveis e obtidas a partir de processos de baixo custo (Vieira 2005).

Para realizacdo dos ensaios praticos optou-se por trabalhar com a familia
Myrtaceae, que faz parte das principais familias da flora brasileira e do ponto de
vista taxon6mico, € uma das mais complexas, tanto pelo grande numero de
espécies quanto pela escassez de estudos (Souza e Lorenzi 2012).

Eugenia pyriformis Cambess é uma espécie nativa do Rio Grande do Sul
popularmente conhecida como uvaia, uvaieira ou uvalha. Nas folhas e nas hastes
estdo presentes compostos fendlicos, drusas e cristais de oxalato de célcio
(Lorenzi 2002; Govaerts et al. 2008; Armstrong etal. 2012). Ramirez e
colaboradores (2012) demostraram em um estudo que o extrato etandlico dos
frutos de E. pyriformis apresenta atividade antioxidante in vitro e anti-inflamatéria in
vivo, apresentando assim, potencial para o desenvolvimento de compostos anti-
inflamatorios. O presente trabalho é o primeiro a apresentar a agcdo antimicrobiana

e antibiofilme de extratos de folhas da espécia E. pyriformis.
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O objetivo do trabalho foi avaliar o potencial antimicrobiano da espécie
E. pyriformis contra S. mutans. Através da analise da atividade antibiofilme in vitro
dos extratos aquoso e etandlico e determinacdo da concentragdo inibitéria minima

(CIM) e da concentracéo bactericida minima (CBM), in vitro, destes extratos.

Resultados e discussao

Extratos e Perfil Fitoquimico de E. pyriformis
O extrato aquoso das folhas de E. pyriformis obteve rendimento de 11,38% e o
extrato etandlico rendeu 18,40%.

A partir da andlise fitoquimica foi possivel verificar a presenca de compostos
fendlicos em ambos os extratos analisados (Tabela 1). Taninos e saponinas foram
observados, sendo que a presenca de taninos também estéd descrita em diferentes
espécies do género Eugenia, como E. grandis Wight (Nonaka et al. 1987) e
E. uniflora L. (Lee et al. 1997).

Terpenos foram verificados somente no extrato etandlico. Alcaloides néo
foram observados em nenhum dos extratos analisados, contudo, em andlise
realizada por Chavasco et al. (2014) em E. pyriformis, coletada no estado de Minas
Gerais, regiao sudeste do Brasil, foi identificada a presenca de alcaloides em folhas
e sementes, através de reacBes de precipitacdo com o0s reagentes de Mayer,

Bertrand, Dragendorff e Bouchardat.
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Tabela 1 Metabdlitos secundarios dos extratos aquoso e etandlico de Eugenia

pyriformis (Myrtaceae) nativa do sul do Brasil.

Classe de metabdlito

Extrato aquoso Extrato etandlico
secundario
Alcaloides _ _
Antraquinona _ _
Cumarinas _ _
Flavonoides _ _
Terpenos _ +
Taninos + +
Saponinas + +

(=) metabdlito ndo encontrado (+) metabolito encontrado

Concentracdao Inibitoria Minima e Concentracdo Bactericida Minima

Os extratos aquoso e etandlico de E. pyriformis, apresentaram atividade
bacteriostatica in vitro contra S. mutans até a concentracdo de 1,25 mg/mL, e acéo
bactericida até a concentracéo de 2,50 mg/mL.

Ensaios com o extrato aquoso de folhas de limao kaffir [Citrus hystrix (DC)]
demostraram inibicdo do crescimento de S. mutans até a concentracdo de
125 mg/mL (Kooltheat et al. 2015). Ainda, ensaios com extrato etandlico de prépolis
inibiram o crescimento de S. mutans até a concentracao de 2,08 mg/mL (Cardoso
et al. 2016).

Embora os extratos utilizados neste trabalho sejam de polaridades diferentes

tanto o CIM como o CBM foram iguais, 0 que sugere que a agado antimicrobiana
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pode estar relacionada com os metabdlitos secundarios mais polares, comuns em

ambos os extratos.

Andlise da atividade antimicrobiana e inibidora de formacé&o de biofilme

Os resultados encontrados para o extrato aguoso de E. pyriformis (Tabela 2),
demonstram que o crescimento das bactérias plancténicas de S. mutans na
concentracdo 4,0 mg/mL foi de apenas 1,69%, portanto, houve uma inibicdo de
98,31%; nesta mesma concentracdo, 0 extrato etandlico inibiu 78,75%. Na
concentracdo mais baixa de 0,4 mg/mL os resultados n&o foram tdo expressivos,
apresentando inibicdo de 18,11% no extrato aquoso e nenhuma inibicdo no extrato
etandlico.

A formacao de biofilme na concentracédo de 4,0 mg/mL, foi de 4,26% no
extrato aquoso, praticamente metade da encontrada na concentracdo de
0,4 mg/mL do mesmo extrato (Tabela 2); havendo assim uma inibicao de 95,74%
na concentracéo de 4,0 mg/mL e 91,31% na concentracao de 0,4 mg/mL. O extrato
etandlico na concentracado de 4,0 mg/mL apresentou uma inibicdo de 93,25% da
formacao de biofilme, esse resultado nao foi tdo expressivo na concentracdo de

0,4%, havendo inibicdo de apenas 35,65% das bactérias sésseis.
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Tabela 2 Atividade antimicrobiana dos extratos aquoso e etandlico de Eugenia

pyriformis contra Streptococcus mutans (ATCC 25175).

Streptococcus mutans

Eugenia pyriformis  Crescimento bacteriano (%) Formacao de Biofilme (%)

4,0 mg/mL 0,4 mg/mL 4,0 mg/mL 0,4 mg/mL

Extrato Aquoso 1,69+ 0,22* 81,89+ 10,43* 4,26+0,38* 8,69+ 1,16*

Extrato Etandlico 21,25+ 3,32* 117,79+ 12,85* 6,75+ 1,27* 64,35+ 3,44*

*diferencga significativa em relagao ao controle de crescimento (p < 0.05).

O biofilme dentario se constitui em uma comunidade estruturada de células
microbianas, que se aderem a superficie dental e fornecem estabilidade estrutural
e protecao (Taraszkiewicz et al. 2013). Deste modo, na leitura da placa, a detecgao
das bactérias plancténicas é interferida pela camada formada pelo biofilme. No
ensaio para avaliacdo da CIM essa interferéncia nao existe; por isso o0s resultados
se apresentaram aparentemente melhores que os do biofilme, mesmo em
concentracfes semelhantes.

A extincdo do biofilme pode ocorrer, essencialmente, sob duas vias:
compostos bactericidas, que ocasionarao a inibicdo do crescimento bacteriano, ou
compostos bacteriostaticos, que blogueardo a adesao bacteriana. Esses ultimos
sdo 0s mais comumente estudados, pois inibem a formacdo de bactérias sésseis,
sem afetar o crescimento bacteriano, mantendo assim as bactérias no seu estado
plancténico, evitando o desenvolvimento de resisténcia e favorecendo a acdo dos
antibioticos existentes (Trentin et al. 2013; Villa e Cappitelli 2013). Em funcéo disso

a avaliacdo do crescimento das bactérias planctonicas juntamente a formacéo do



biofilme se torna indispensével para complementacao dos resultados do ensaio.

Lee et al. (2011) verificaram acgdo antibiofime de extratos de
Aralia continentalis contra S. mutans em concentracdes superiores a 2 mg/mL.
Ensaios realizados com extrato etanolico de S. lychnophora demonstraram
atividade antibiofilme nas concentragbes de 0,01 a 0,04 mg/mL, porém neste
ensaio a concentracdo microbiana inicial foi de 5,0 x 10° UFC/ml (Yang et al. 2016).

Ainda, ensaios realizados com extratos de Dodonaea viscosa contra
S. mutans demonstraram que na concentracdo 0,1 mg/mL houve acdo bactericida
de 48% depois de 6 horas de exposicéo e 71% depois de 24 horas, contudo neste
ensaio a concentragdo microbiana inicial também foi menor que a utilizada no
presente trabalho (Naidoo et al. 2012).

Através da analise dos resultados podemos observar que em todos os
ensaios, 0s extratos aquoso e etanolico de E. pyriformis apresentaram promissora
acao antimicrobiana contra S. mutans, 0 que sugere que extratos vegetais podem
ser uma alternativa para a substituicdo ou complementacdo da antibioticoterapia
utilizada atualmente.

Considerando que ambos o0s extratos apresentaram os metabdlitos taninos e
saponinas, pode-se propor que, a0 menos em parte, estes sejam 0s responsaveis
pela acdo antimicrobiana, porém para encontrar 0s possiveis mecanismos de acéo,
estudos mais minuciosos sao necessarios.

Sob o ponto de vista etnofarmacolégico, podemos considerar ainda, que a
utilizacdo do extrato aquoso como forma de infusdo (cha) poderia constituir em
uma alternativa para a prevencao da formacao de biofilme por S. mutans e
contribuir para a diminuicdo da prevaléncia de céarie dental em populacdes

carentes.



Materiais e métodos

Material vegetal

As folhas de E. pyriformis, foram coletadas no més de agosto de 2015, no
municipio de Cruzeiro do Sul, Rio Grande do Sul, Brasil (Lat.: -29.988861; Long.:
-52.054722 WGS84). A identificacdo da espécie foi realizada pela Profa. Dra.
Elisete Maria de Freitas, do Centro Universitario UNIVATES. Exsicata da planta foi
depositada no Herbario HVAT, do Museu de Ciéncias Naturais da Univates, sob

codigo HVAT 3833.

Obtencéao dos extratos
Os extratos aquoso e etandlico foram obtidos conforme Vogel et al. (2011). Apos a
remocao completa dos solventes dos extratos foi calculado o seu rendimento, em

% (m/m), e em seguida, os mesmos foram armazenados a -8°C, em frascos ambar.

Screening fitoquimico

As amostras vegetais de E. pyriformis, foram submetidas a screening fitoquimico
através de cromatografia em camada delgada (CCD), empregando cromatofolhas
de aluminio com silica gel 60 F2s4 (Merck). A identificacdo da presenca de
diferentes classes de metabdlitos secundarios foi realizada com emprego de
sistema eluente e reagente de visualizacdo especifico, associada a visualizagédo

sob luz ultravioleta em 254 nm e 366 nm, de acordo com Wagner e Bladt (1996).
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Microrganismos e condi¢des de cultura e andlise
Na avaliacdo do potencial antimicrobiano e antibiofilme foi empregada cepa
American Type Culture Collection (ATCC) de Streptococcus mutans (ATCC 25175).
A superficie utilizada para determinar a adesdo bacteriana foi um modelo de
material hidrofobico, microplacas de poliestireno com 96 pocos, de fundo chato
(Corning Incorporated, NY, USA).

O microrganismo foi cultivado em &gar Mueller Hinton (MH), durante 24
horas, em estufa a 37 °C. As suspensdes bacterianas foram preparada em solucéo
estéril salina a 0,85%. As concentracdes microbianas foram ajustadas utilizando
espectofotbmetro (Thermo Scientific, G10S-UV-VIS, EUA) em 625nm. Para o
biofilme a suspenséo foi ajustada para uma turbidez correspondente a 1 na escala
de McFarland (3x108 UFC/mL), e para o ensaio da Concentragdo Inibitéria Minima
(CIM) a suspensao foi ajustada para uma turbidez correspondente a 0,5 na escala
de McFarland (1,5x108 UFC/mL), desta solucdo patronizada para a CIM foram
retirados 200 uL, que foram transferidos para tubos de ensaio contendo 10 mL do
caldo triptona de soja (TSB, Oxoid Ltd., England), obtendo-se assim o meio final

com o in6culo.

Concentracao Inibitéria Minima (CIM) e Concentracdo Bactericida Minima
(CBM)
Na realizacdo dos ensaios para analise da atividade antimicrobiana foi empregada
metodologia de microdiluicdo em caldo, preconizada pelo Clinical and Laboratory
Standards Institute (CLSI, 2012).

As amostras foram previamente diluidas em solugdo aquosa de

dimetilsulféxido 0,8% (DMSO, Sigma—Aldrich Co., USA) perfazendo a concentragdo
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de 40 mg/mL. Apés foram realizadas diluicbes seriadas nos pogos A - F variando
de 20 - 0,625 mg/mL de extrato. Como controle positivo foi utilizado o meio
acrescido de inoculo e como controle negativo 0 meio sem inoculo. Também foi
realizado o controle do diluente DMSO e como padréo antimicrobiano foi utilizado o
antisséptico Clorexidina 0,12%.

As placas foram incubadas em estufa, a 37°C, por 24 horas. Apés, foram
adicionados a cada poco 30 pL de solucdo aquosa estéril de resazurina 0.02% para
visualizacdo do crescimento bacteriano e determinacdo da CIM. A fim de
determinar a CBM foram realizadas semeaduras em placas contendo agar MH de
aliquotas de todos os pocos onde ndo houve crescimento bacteriano. As placas
foram incubadas por 24 horas, a 37°C.

As amostras foram analisadas em triplicata, sendo 0s experimentos

realizados em triplicata.

Ensaio para avaliagao do potencial antibiofilme
Na realizacdo dos ensaios para andlise da atividade antibiofilme foi empregada
metodologia de Trentin et al. (2011). A cada poco da placa de microtitulacdo foram
adicionados 80 pL da suspensédo bacteriana, 40 pL de amostra dos extratos em
estudo e 80 pL de caldo TSB. As amostras foram previamente diluidas em solugéo
aguosa de DMSO 0,8% perfazendo as concentracdes de 0.4 mg/mL e 4.0 mg/mL.
Foi realizada leitura das placas (tempo 0) onde a absorbancia foi medida a
600 nm, em espectrofotdmetro (SpectraMax i3x Multimode Microplate Reader,
Molecular Devices, USA). As placas foram entdo incubadas em estufa, a 37 °C, por
24 horas. Apoés o periodo de icubacéo foi realizada nova leitura (tempo 24) onde a

absorbéancia foi medida novamente a 600 nm, em espectrofotometro. O teor dos
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pocos foi removido e estes foram lavados trés vezes com solucéo estéril salina. As
placas foram colocadas em estufa a 60 °C, por uma hora, a fim de fixar o biofilme
formado. O biofilme foi corado com solucdo de cristal violeta 0.4%, a temperatura
ambiente, por 15 minutos, as placas entdo foram lavadas com agua. Apds, foram
adicionados 200 pL de etanol (Synth®, Brasil) e as placas foram mantidas em
repouso por 30 minutos, foi realizada nova leitura onde a absorbancia agora foi
medida a 570 nm, em espectrofotémetro.

A absorbancia do controle de crescimento, no qual a amostra foi substituida
por 40 uL de agua estéril, foi considerada como 100% de formacao de biofilme,
sendo a partir desta calculada a inibicdo de formacao de biofilme pelas amostras
analisadas. Valores superiores a 100% representaram uma estimulacdo da

formacdao de biofilme em comparacéao ao controle positivo.

Ensaio de crescimento bacteriano

O crescimento das bactérias planctonicas foi determinado pela diferenca entre a
absorbancia em 600 nm medida ao final, tempo 24 horas, e ao inicio do periodo de
incubacéo, tempo 0 hora, em espectrofotdmetro.

No controle do crescimento bacteriano foram adicionados 40 pyL de agua
estéril em substituicio a amostra, sendo este considerado como 100% de
crescimento bacteriano plancténico. Valores superiores a 100% representaram
estimulacdo do crescimento bacteriano em relacdo ao controle. Clorexidina 0,12%

foi empregada como controle de inibigcdo do crescimento bacteriano.
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Analise estatistica
As amostras foram analisadas em quadriplicata, sendo os experimentos realizados
em triplicata. Os resultados foram expressos como porcentagem média + desvio-
padrdo. A significancia das diferencgas entre as amostras foi calculada por teste t de
Student, empregando o software BioEstat 5.0, considerando-se como diferenca

significativa os valores de p < 0,05.
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Editor, who takes the decision to accept, revise or reject the manuscript. Revised manuscripts are directly
handled by the Chief Editor who decides whether or not the manuscript should go back to the handling Editor for
additional comments from the reviewers. Following the return of a report from the handling Editor and reviewers,
the Chief Editor makes the decision to accept, further revise or reject the manuscript.

Authors may be advised that short papers not exceeding four published pages would be better placed in Letters

in Applied Microbiology. Sequential publication of numbered papers will not be permitted.

EDITORIAL POLICY

To ensure responsible publication practices, this Journal adheres to Wiley Blackwell’s publication ethics policies,

which include guidelines on handling suspected publication misconduct and complaints about the Journal. This

Journal is a member of, and subscribes to the principles of, theCommittee on Publication Ethics.

Authorship
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included in the list of authors when the paper is submitted to the Journal. 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. Submissions may be subject to testing for textual similarity to other published works via the
CrossCheck software employed by the Journal.

Conflict of interest disclosure

Journal of Applied Microbiology requires that all authors disclose any potential sources of conflict of interest.
Any interest or relationship, financial or otherwise, that might be perceived as influencing an author's objectivity
is considered a potential source of conflict of interest. These must be disclosed when directly relevant or
indirectly related to the work that the authors describe in their manuscript. Potential sources of conflict of interest
include but are not limited to patent or stock ownership, membership of a company board of directors,
membership of an advisory board or committee for a company, and consultancy for or receipt of speaker's fees
from a company. The existence of a conflict of interest does not preclude publication in this journal.

If the authors have no conflict of interest to declare, they must also state this at submission. It is the

responsibility of the corresponding author to review this policy with all authors and to collectively list in the cover
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letter to the Chief Editor, in the manuscript (in the Conflict of Interest section), and in the online submission
system ALL pertinent commercial and other relationships.

Ethics of experimentation

The Journal will only accept manuscripts in which there is evidence of the ethical use of animals or harmful
substances. The care and use of experimental animals must comply with all relevant local animal welfare laws,
guidelines and policies, and a statement of such compliance should be provided upon submission. 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. The Journal encourages corresponding authors of manuscripts involving animal research to refer to

the ARRIVE guidelines before submission of a manuscript.

Potential threat to security

The Journal expects that all authors will conform to the National Science Advisory Board for Biosecurity

(NSABB) guidelines for Dual Use Life Sciences Research. Where a reviewer is concerned that an article might
include information that could be a threat to security then the Editor will treat the article as possible DURC (dual
use research of concern) and may consult a specialist reviewer. Their advice will be taken into account by the

Editor in making any final decision on publication.

Biosecurity

The Journal asks authors of papers related to Schedule 5 biological agents to inform the Editor at the time of

manuscript submission if their study has the potential for both benevolent and malevolent application. This is

often referred to as “dual use research of concern”. The National Science Advisory Board for Biosecurity

(NSABB) guidelines state that a “dual use research of concern” can arise in relation to “research that, based on
current understanding, can be reasonably anticipated to provide knowledge, products, or technologies that
could be directly misapplied by others to pose a threat to public health and safety, agricultural crops and other

plants, animals, the environment, or material”.

Antibiotic antimicrobial testing and microbial resistance
A number of methods like disc diffusion, Etest, agar dilution, broth microdilution and broth macrodilution, are

suitable for in vitro antimicrobial susceptibility testing. However, the test used must be performed in accordance
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with an internationally accepted procedure; for example tests published by the Clinical and Laboratory
Standards Institute (CLSI), the British Society for Antimicrobial Chemotherepy (BSAC), the Deutsches Institut
fur Normung e.V. (DIN) and the Comite de I'Antibiogramme de la Scoiete Francaise de Microbiologie (CA-SFM).
Further guidence and interpretation of MIC 50 and MIC 90 values as well as guidence for the interpretation of

multiresistance can be found in Schwarz et al. J. Antimicrobial Chemother 2010; 65: 601-604.

Data availability

Data that is integral to the paper must be made available in such a way as to enable readers to replicate, verify
and build upon the conclusions published in the paper. Any restriction on the availability of this data must be
disclosed at the time of submission. Data may be included as part of the main article where practical. We
recommend that data for which public repositories are widely used, and are accessible to all, should be
deposited in such a repository prior to publication. The appropriate linking details and identifier(s) should then
be included in the publication and where possible the repository, to facilitate linking between the journal article
and the data. If such a repository does not exist, data should be included as supporting information to the
published paper or authors should agree to make their data available upon reasonable request.

¢ Nucleotide sequence data should be deposited in the EMBL/GenBank/DDBJ Nucleotide Sequence Data
Libraries and the accession number referenced in the manuscript text, e.g. “E. coli (GenBank accession
no. EUXXXXXX.X)”. 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.

e 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.
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For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright transfer
agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples associated
with the Copyright FAQs below: CTA Terms and

Conditionshttp://authorservices.wiley.com/bauthor/fags copyright.asp
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For authors choosing OnlineOpen
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Commons License Open Access Agreements (OAA):

Creative Commons Attribution License OAA

Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs hosted
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visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and members of the
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Nutrition are Wiley open access journals and article publication fees apply. For more information, please go

to www.microbiologyopen.com/infoand www.foodscience-nutrition.com/info.

SUBMISSION

Authors should submit their manuscripts online athttp://mc.manuscriptcentral.com/appliedmicrobiology. The

main text of a manuscript must be submitted as a Word document (.doc) or Rich Text Format (.rtf) file. For
review purposes submitted papers (both original and revised articles) must be formatted with continuous line
numbering and double spaced text throughout. All original files that you upload will be available for the Editorial
Office to access.

Cover letter

The cover letter should contain answers to the following two questions, which will help the Editors in determining
whether you manuscript should be sent for full peer review (~50 words per answer):

1. How does this work fits the Aims and Scope of the Journal?

2. In what way is this work novel?

The cover letter should also disclose any potential sources of conflict of interest that Editors may consider
relevant to their manuscript.

Suggesting reviewers

Authors are invited to suggest at least two 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 ‘non-preferred’ reviewers or institutions that they would rather were not approached. Authors should give
justification for choosing non-preferred reviewers or institutions in their cover letter. Authors are advised that
handling Editors reserve the right to select reviewers of their choice.

MANUSCRIPT PREPARATION AND PRESENTATION

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.

It is strongly recommended that you use the author submission checklist to help you to prepare your submission

to the Journal.

The main text of the manuscript should be prepared as a Word document (.doc) or Rich Text Format (.rtf) file.
Text must be double-spaced, and the pages of the manuscript must be numbered consecutively.

The title page should show the title of the manuscript; the names of authors and place(s) where the work was
done; an abbreviated running headline not exceeding 35 letters and spaces; and the complete contact details

for the corresponding author.
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Original Articles should contain the following sections in this order:

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

INTRODUCTION: A balance must be struck between the pure and applied aspects of the subject;
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, 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 here).

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

ACKNOWLEDGEMENTS: Contributors who do not qualify as authors should be acknowledged and their
particular contribution described. All sources of funding for the work reported, for all the authors, must be
acknowledged. Both the research funder and the grant number (if applicable) should be given for each
source of funds;

CONFLICT OF INTEREST: If no conflict of interest exists, then 'no conflict of interest declared' should
appear within this section. Otherwise, authors should list all pertinent commercial and other relationships
that may be perceived as a potential source of conflict of interest.

REFERENCES;

SUPPORTING INFORMATION (if applicable): Supporting Information can be a useful way for an author to
include important but ancillary information with the online version of an article. Examples of Supporting
Information include additional tables, data sets, figures, movie files, audio clips, 3D structures, and other
related nonessential multimedia files. Supporting Information should be cited within the article text. The
availability of supporting information should be indicated in the main manuscript by a section headed
'Supporting Information’, under which should be appropriate legends for the material. It is published as

supplied by the author, and a proof is not made available prior to publication; for these reasons, authors
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should provide any Supporting Information in the desired final format. For further information on
recommended file types and requirements for submission, please

visit:http://authorservices.wiley.com/bauthor/suppinfo.asp

Review Article manuscripts must normally not exceed 32 pages (A4) including references, figures and tables.
As references can make a heavy demand on the pages available to you, it is suggested that you select key
references only. The headings in Review Articles are of the author's choice, but the manuscript should begin
with a short SUMMARY of 150-200 words.

References

The Harvard system should be used. 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 quoting the reference. A series of references
should be given in ascending date order (Green and Smith 1946; Jones et al. 1956). 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'. Different publications having the same author(s) and year will be distinguished by, for
example, 1992a, 1992b. Papers or other publications having no obvious author(s) should usually be cited as
'‘Anon." with the year in the text and bibliography. Web sites should be quoted in the text with an access date.

Abbreviate journal titles according to Index Medicus (http://www.nlm.nih.gov/tsd/serials/terms_cond.html).

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

The following is an example of order and style to be used in the manuscript:

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.

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.
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.

Tables

Tables must be prepared in the same format as the manuscript text, and should ideally appear at the end of the
main manuscript file. 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, **, TT etc. For an example of table style, click here.

Figures
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Figures should be uploaded to the online submission site as separate files. Authors are advised that poor quality
figures may delay the publication of their paper. Symbols or keys representing data series in graphs and charts
must not be shown on the figure itself but be included in the legend. For an example of figure style, click here.
Photographs must be of good quality and high contrast. The magnification must be 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).
e Save line art such as charts, graphs and illustrations in EPS or PDF format. Most programs have a ‘Save
as..." or ‘Export..." feature to allow you to do this
e Save photographic images in TIFF format. These should be at a resolution of at least 300 dpi at final size
e Save figures containing a combination of photographic images and text (eg annotated photographic
images with text labels) as EPS or PDF. Any photographic images embedded within these should be at
least 300 dpi
e Perform a visual check of the quality of the generated image. You should be able to zoom in to about
300% without the image becoming noticeably blurred or pixelated. If the image does appear pixelated at
this zoom, then try going back to the original image and checking that it complies with the recommended
format and settings
e Detailed information on the submission of electronic artwork can be found

at:http://authorservices.wiley.com/bauthor/illustration.asp.

Colour figures

Online-only colour in figures is free of charge, however it is essential in these cases that the figure legends
apply equally well to both printed greyscale and online colour versions, and do not specifically refer to the
colour. Alternatively you can opt to pay for colour in the print and online versions. If your paper is accepted and
you have opted for printed colour, we will need a completed Colour Work Agreement Form. This form can be

downloaded as a PDF from here and should be sent to the provided address on acceptance.

English usage, abbreviations and units
Use 'z’ spelling where possible, except analyse, dialyse, hydrolyse, etc.; sulfur, sulfate, etc. When using
numbers in the text, one to nine should be written in full and 10 and above should be written as numerals. The

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

‘Instructions to Authors' www.biochemj.ora/bj/bji2a.htm.

Please click here for some examples of common abbreviations used in the Journal.

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 captions to tables and
figures. Major ranks are written in Roman with an initial capital (e.g. Enterobacteriaceae).

Please click here for a list of abbreviations currently in use for common generic names and for notes on referring

to plant pathogenic bacteria.

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.

Statistics

Tests must be presented clearly to allow a reader with access to the data to repeat them. Statistical tests used
in the study should be clearly indicated in the Materials and Methods section. 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.

Footnotes
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