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1. LISTA DE ABREVIATURAS E SIGLAS

C. - Candida

et al. - E outros (abreviatura de “et alli )
g - Grama

spp. - Espécies

MgCl, - Cloreto de magnésio

mL - Mililitro

mm - Milimetro

NaCl - Cloreto de sodio

°C - Grau Celsius

pH - Potencial hidrogenionico

Pz - Zona de precipitagdo

g.s.p - Quantidade suficiente para atingir determinado volume
pg/mL - Microgramas por mililitro

Sap - Secretoras de aspartil-protease

Z - Zimotipo




. RESUMO

O cigarro de tabaco ¢é considerado fator predisponente para varias doengas,
inclusive para a candidose bucal. Ele contem substancias que podem ser degradadas por
enzimas destes fungos, servindo como nutrientes. A produgdo de enzimas histoliticas
pelas espécies de Candida ¢ um fator importante no desenvolvimento de doenca. As
enzimas podem prover acesso aos nutrientes do organismo, facilitando penetragdo dos
fungos nas células do hospedeiro. O objetivo deste estudo foi avaliar a carga fungica
bucal e a secrecdo de enzimas histoliticas das espécies de Candida isoladas de adultos
sauddveis ndo-fumantes e fumantes . Cem adultos (42 nao-fumantes e 58 fumantes)
participaram do estudo. Os espécimes foram coletados do dorso da lingua e da mucosa
jugal e identificados utilizando-se o meio de cultura CHROMagar®Candida. A
positividade do género Candida foi de 28,57% nos individuos ndo-fumantes e¢ de
39,65% fumantes (P = 0,254). C. albicans foi a espécie mais prevalente nos dois
grupos, sendo isolada em 78,57% nos nao-fumantes e 72,41% nos fumantes. Outras
espécies encontradas foram C. parapsilosis, C. glabrata e C. tropicalis. Dos individuos
positivos foi selecionada aleatoriamente uma cepa de cada espécie, totalizando 43
cepas, que foram avaliadas quanto a produgdo das enzimas aspartil-protease (Sap),
fosfolipase, condroitinase, esterase-lipase e hemolisina. Devido a pequena amostra de
cepas ndo-albicans obtida, somente as cepas de Candida albicans foram analisadas
estatisticamente. A atividade enzimatica foi maior no grupo dos ndo-fumantes para
todas as enzimas estudadas, com diferenga estatistica significativa na atividade da
enzima fosfolipase (P = 0,013). Concluimos que o tabagismo ndo afetou
significativamente a positividade de Candida spp. e nem a atividade enzimatica das
cepas de C. albicans.

Palavras chave: Candida albicans, fumantes; enzimas; fosfolipase.



3. ABSTRACT

The cigarette smoke contains substances that can be degraded by enzymes of
Candida species, been used like nutrients and converted to carcinogen end products.
The purpose of this study was evaluated the carriage of Candida species and analyse the
extracellular proteolytic activities of Candida isolates from healthy adults non-smokers
and smokers. One hundred adults (42 non-smokers and 58 smokers) were studied. The
samples were collected from intra oral swabs and smears from dorsum of tongue, right
and left jugal mucosa each. The identification of species of Candida was made using the
culture medium CHROMagar®Candida. The carriage of the gender Candida was
28,57% in the non-smokers individuals and 39,65% in the smokers (P = 0,254).
Candida albicans was the most prevalent one between the two groups, being isolated in
78.57% in non-smokers, and 72.41% in smokers. Other species found were C.
parapsilosis, C. glabrata, and C. tropicalis. From the positive individuals was random
one strain of C. albicans, comprised 32 strains that were evaluated regarding the
proteolytic activity of the following enzymes: secreted aspartyl-protease (Sap),
phospholipase, chondroitinase, esterase-lipase, and haemolysin. Regarding the
hydrolytic enzymes, there was bigger enzymatic activity in the group of non-smokers,
in all studied enzymes, with significant statistical difference between both groups in the
activity of phospholipase, that was bigger in the strains of non-smokers (P = 0,013). The
results obtained in this study have shown that the smoking do not alter significantly the
carriage of Candida spp., neither the enzymatic activity of C. albicans strains, except
the activity of phospholipase.

Keywords: Candida albicans, smokers, enzymes, phospholipase.
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RESUMO

O cigarro de tabaco tem sido considerado como um fator predisponente para
varias doengas, inclusive para a candidose bucal. Ele contem substancias que podem ser
degradadas por enzimas das espécies de candida, servindo como nutrientes. Por outro
lado, a producdo de enzimas histoliticas pelas espécies de Candida ¢ um fator
importante no desenvolvimento de doengas provocadas por fungos oportunistas. As
enzimas podem prover acesso do fungo aos nutrientes do organismo, chegando mesmo
a penetrar nas células do hospedeiro. O objetivo deste estudo foi avaliar a carga fungica
bucal e a secre¢do de enzimas histoliticas das espécies de Candida albicans isoladas de
adultos saudaveis nao-fumantes ¢ fumantes . Cem adultos (42 nao-fumantes e 58
fumantes) participaram do estudo. Os espécimes foram coletados do dorso da lingua e
da mucosa jugal (direita e esquerda). A identificacdo das espécies de Candida foi
realizada utilizando o meio de cultura CHROMagar®Candida. A positividade do género
Candida foi de 28,57% nos individuos nao-fumantes e de 39,65% fumantes (P = 0,254).
C. albicans foi a espécie mais prevalente nos dois grupos, sendo isolada em 78,57% nos
ndo-fumantes e 72,41% nos fumantes. Outras espécies encontradas foram C.
parapsilosis, C. glabrata e C. tropicalis. Dos individuos positivos foi selecionada
aleatoriamente uma cepa de cada espécie, totalizando 43 cepas, que foram avaliadas
quanto a produgdo das enzimas aspartil-protease (Sap), fosfolipase, condroitinase,
esterase-lipase e hemolisina. A atividade enzimatica foi maior no grupo dos nao-
fumantes para todas as enzimas estudadas, com diferenca estatistica significativa na
atividade da enzima fosfolipase, sendo maior nas cepas de pacientes ndo-fumantes (P =
0,013). Concluimos que o tabagismo ndo afetou significativamente a positividade de
Candida spp. e nem a atividade enzimatica das cepas de C. albicans.

Palavras chave: Candida albicans, fumantes; enzimas; fosfolipase.
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RESUMO

O cigarro de tabaco tem sido considerado como um fator predisponente para
varias doengas, inclusive para a candidose bucal. Ele contem substancias que podem ser
degradadas por enzimas das espécies de candida, servindo como nutrientes. Por outro
lado, a producdo de enzimas histoliticas pelas espécies de Candida ¢ um fator
importante no desenvolvimento de doengas provocadas por fungos oportunistas. As
enzimas podem prover acesso do fungo aos nutrientes do organismo, chegando mesmo
a penetrar nas células do hospedeiro. O objetivo deste estudo foi avaliar a carga fungica
bucal e a secre¢do de enzimas histoliticas das espécies de Candida albicans isoladas de
adultos saudaveis nao-fumantes ¢ fumantes . Cem adultos (42 nao-fumantes e 58
fumantes) participaram do estudo. Os espécimes foram coletados do dorso da lingua e
da mucosa jugal (direita e esquerda). A identificacdo das espécies de Candida foi
realizada utilizando o meio de cultura CHROMagar®Candida. A positividade do género
Candida foi de 28,57% nos individuos nao-fumantes e de 39,65% fumantes (P = 0,254).
C. albicans foi a espécie mais prevalente nos dois grupos, sendo isolada em 78,57% nos
ndo-fumantes e 72,41% nos fumantes. Outras espécies encontradas foram C.
parapsilosis, C. glabrata e C. tropicalis. Dos individuos positivos foi selecionada
aleatoriamente uma cepa de cada espécie, totalizando 43 cepas, que foram avaliadas
quanto a produgdo das enzimas aspartil-protease (Sap), fosfolipase, condroitinase,
esterase-lipase e hemolisina. A atividade enzimatica foi maior no grupo dos nao-
fumantes para todas as enzimas estudadas, com diferenca estatistica significativa na
atividade da enzima fosfolipase, sendo maior nas cepas de pacientes ndo-fumantes (P =
0,013). Concluimos que o tabagismo ndo afetou significativamente a positividade de
Candida spp. e nem a atividade enzimatica das cepas de C. albicans.

Palavras chave: Candida albicans, fumantes; enzimas; fosfolipase.
INTRODUCAO

C. albicans ¢ um fungo dimorfico, que esta presente em aproximadamente 50%
dos individuos saudaveis (37). Além da C. albicans, outras espécies como C. tropicalis,
C. glabrata, C. krusei e C. parapsilosis sdo capazes de competir com a microbiota bucal

e se tornarem patogénicas.

Segundo Almeida & Scully (1), os principais fatores que dificultam o crescimento
desses fungos no homem sao a elevada temperatura e a imunidade celular. A viruléncia
da C. albicans esta associada com o aumento da produgdo de tubo germinativo pelas
leveduras em baixas temperaturas. Leveduras que crescem em temperatura ambiente

sdo mais resistentes a acdo dos leucocitos polimorfonucleares (2). O desenvolvimento



de micélio pelas espécies de Candida ssp. (dimorfismo) favorece as infecgdes flingicas
em decorréncia da variabilidade antigénica da superficie e do formato que propicia

maior aderéncia, dificultando a agdo fagocitaria pelo sistema imune (23).

O tabagismo pode estar associado a predisposicao as candidoses bucais (15, 31,
45). A nicotina no tabaco pode causar mudancas estruturais e funcionais nos
queratindcitos (25). O efeito do fumo nas células epiteliais, reduz a atividade anti-
Candida das células e pode aumentar a susceptibilidade a candidose orofaringeana (42),
além de causar um espessamento na camada queratinizada do epitélio, o que pode

contribuir para a maior colonizagao pela levedura (4, 37, 44).

Pacientes fumantes relatam recidiva das infec¢des por Candida apds o término da
terapia antifingica, por outro lado, hd evidéncias clinicas de que algumas infec¢des

desaparecem apenas com a cessagdo do vicio de fumar (15).

A produgdo de enzimas histoliticas ¢ um fator importante no desenvolvimento de
doengas provocadas por fungos oportunistas, sobretudo em isolados clinicos de Candida
spp. As enzimas podem prover acesso do fungo aos nutrientes do organismo, chegando
mesmo a penetrar nas células do hospedeiro, via estruturas tipo haustoério (14). Quando
a hidrélise dos substratos ou ag¢do das proteinas extracelulares afeta a funcdo e a
viabilidade do hospedeiro, as enzimas podem ser consideradas fatores de viruléncia que
contribuem para o estabelecimento da infec¢do (7, 22, 32).

O objetivo deste estudo foi avaliar a carga fungica bucal e os perfis de viruléncia
das cepas de Candida albicans entre individuos ndo-fumantes e fumantes. Para isto
foram realizados os seguintes testes: contagem de diferentes espécies de Candida,
producdo de aspartil-proteases secretoras (Sap), de fosfolipases, de condroitinase, de

esterase/lipase e de hemolisinas.



MATERIAL E METODOS

A participacdo dos individuos foi condicionada a assinatura de um Termo de
Consentimento Livre e Esclarecido, em concordancia com as diretrizes do Comité de

Etica em Pesquisa da Pontificia Universidade Catolica do Parana (PUCPR).

Foram avaliados 100 individuos, 42 ndo-fumantes e 58 fumantes, e considerados
fumantes aqueles com consumo igual ou superior a cinco cigarros por dia ha pelo
menos um ano, € ndo-fumantes aqueles que relataram nunca terem fumado (29).
Individuos que fumavam menos de cinco cigarros por dia foram excluidos da pesquisa.
Cada individuo foi avaliado por um Unico avaliador que realizou a anamnese e 0 exame
fisico intrabucal, inspecionando as mucosas, tecidos moles e dentes. Individuos com
manifestagoes clinicas de candidose bucal; relato de doengas sist€émicas na anamnese
(diabetes ou hipertensdo); mulheres gravidas; individuos que tivessem utilizado
antibidticos nos trés meses que precederam as coletas ou fazendo uso de medicagao
sialorredutora, foram excluidos da amostra. A média de idade dos individuos ndo-
fumantes foi de 19,95 + 2,13 anos e dos fumantes de 22,83 + 5,75 anos, sendo em sua
maioria jovens. A média de cigarros consumidos por dia foi 12,79 £ 5,73 e do tempo de

uso em anos foi de 6,19 + 5,10.

Amostras de raspado superficial (swabbing) do dorso da lingua e da mucosa jugal
dos individuos foram recolhidas, semeadas em placas contendo CHROMagar® Candida
(CHROMagar Microbiology, Biomerieux, Paris, Franga) e incubadas a 37°C, por 48
horas. Apds a identificacdo fenotipica (24), as cepas foram transferidas para tubos de
armazenamento contendo Agar Sabouraud Dextrose (Difco Laboratories, Detroit,

Mich., USA).



Um total de 43 cepas do género Candida (uma coldnia/fenétipo por individuo)
foram submetidas as provas de atividade enzimatica. A cepa-padrao de C. albicans
CBS562 proveniente do estoque do Laboratorio de Estomatologia da PUCPR foi testada
como controle. Os isolados foram crescidos em estufa a 37°C em SmL de Caldo
Sabouraud Dextrose (Difco Laboratories, Detroit, Mich., USA). Apds 24 horas as
células foram recolhidas por centrifugacdo e lavadas trés vezes com agua destilada
estéril. Os pellets foram ressuspendidos em agua estéril até o equivalente ao tubo 10 da
escala de MacFarland e 5 pL inoculados com o auxilio de discos de papel filtro
esterilizados, em cinco pontos eqiiidistantes, nos meios de cultura para deteccdo semi-
quantitativa de aspartil-protease secretora (Sap), fosfolipases, condroitinase,
esterase/lipase e hemolisinas. Todos os testes foram realizados em duplicata.

A secre¢do de Sap foi verificada seguindo o protocolo de Riichel et al. (32),
empregando a fragdo V da albumina bovina (Sigma Chem Co., St. Louis, Mo., USA)
como substrato, Yeast Nitrogen Base (Difco Laboratories, Detroit, Mich., USA) e 2,5
mL de Protovit Plus® (Roche, Sao Paulo, Brasil) como co-fatores (22). A atividade
enzimatica foi evidenciada pela forma¢do de um halo transparente ao redor da colonia

dez dias apds a inoculagdo. (10).

A atividade fosfolipésica foi pesquisada seguindo o método de Price et al.(28). Em
1.000 mL de &4gua destilada estéril foram dissolvidos 10,0 g de peptona (Difco
Laboratories, Detroit, Mich., USA), 30,0g de glucose, 57,3g de NaCl e 0,55g de CaCl, e
20,0g de Agar (Oxoid, Fakola AG, Basel, Switzerland). O meio foi esterelizado em
autoclave a 120°C por 15 minutos e resfriado a uma temperatura de 55°C. O egg yolk
estéril sem telurito de potassio (Newprov Prod. Laborat., Inc., Sdo José¢ dos Pinhais,

Parana, Brasil) foi adicionado ao meio esterelizado. Apds 4 dias da inoculagdo, as



placas foram observadas quanto a formacao de uma zona de cor amarelada ao redor das

colonias.

Para a pesquisa de condroitinase foi empregado o protocolo de Smith & Willett
(41) modificado. O meio de cultura foi preparado usando-se neopeptona 10 g, glucose
40 g, Agar noble 15 g (Sigma Chem Co., St. Louis, Mo., USA) e agua destilada gsp
1.000 mL e autoclavado a 120°C por 15 minutos. Apos resfriamento a 55°C, foi
acrescentada uma solugdo de albumina bovina fragdo V a 10% e sulfato de condroitina a
4% (Sigma Chem Co., St. Louis, Mo., USA), dissolvidos em 10 mL de agua destilada
estéril e esterelizados em filtros de Millipore de 0,22 um. O pH final foi ajustado entre

6,8 = 0,2. O halo formado foi medido apds 48 h de inoculagao.

O teste de opacidade Tween®™ 80 (Sigma Chem Co., St. Louis, Mo., USA) foi
utilizado para determinar a producdo de esterase/lipase. O meio de cultura foi preparado
com 15,0 g de SDA (Difco Laboratories, Detroit, Mich., USA) e 10 g CaCl,, em 1.000
mL de 4gua destilada (33). Apos ser autoclavado, o meio foi resfriado a 50°C e 10 mL
de Tween"80 (Sigma) autoclavado foi adicionado. As inoculagdes permaneceram em

estufa a 37°C por sete dias consecutivos.

Para determinar a atividade hemolitica, as cepas foram semeadas em placas de
agar-sangue contendo 70 mL de sangue de ovelha fresco e desfibrinado (Newprov Prod.
Laborat., Inc., Sao José¢ dos Pinhais, Parand, Brasil); 30 g de glucose (Sigma Chem Co.,
St. Louis, Mo., USA); gsp 1.000 mL de solugdo de 1% de Agar-agar (Oxoid, Fakola
AG, Basel, Switzerland); pH final 5,6 (19). A formacao do halo transltiicido ao redor das

colonias apos 48 h de incubacdo a 37°C indicou atividade hemolitica positiva.

Apos os periodos de observacao foram feitas as leituras do tamanho das colonias e
dos halos formados por um unico pesquisador calibrado, utilizando transiluminagdo e

um paquimetro digital (Mitutoyo, 6” digital caliper, w/abs, Japdo) e calculadas as



atividades enzimaticas. Estas atividades foram determinadas de acordo com a técnica de
Price et al. (28), dividindo-se o didmetro da colonia (DC) pelo didmetro do halo
formado (DH). Este resultado ¢ denominado Pz, que representa numericamente a
atividade enzimatica da cepa testada. Como menores valores Pz indicam maior
atividade enzimatica e vice-versa, optou-se por subtrair tais valores de um (1-Pz) (26).
Os dados assim obtidos foram analisados quanto a sua normalidade de distribui¢do pelo
teste de Kolmogorov-Smirnov. Para aspartil-protease secretora, condroitinase e
hemolisinas houve distribui¢do normal dos valores e foi utilizado o teste ¢ de Student.
Nas enzimas onde ndo houve distribuicdo normal, fosfolipase e esterase/lipase, foi

utilizado o teste ndo-paramétrico U de Mann-Whitney.

A atividade enzimatica foi analisada estatisticamente somente nos isolados de C.

albicans, devido a inexpressiva obtencao de outras espécies.

Além dos ensaios estatisticos, os valores 1-Pz também permitiram a classificagao
das cepas em zimotipos. Foram gerados digitos a partir de um escore de atividade dado
aos valores de Pz (7). Cepas ndo produtoras (Pz = 1,000) foram codificadas como 1,
pois o didmetro do halo foi considerado igual ao da colonia; cepas com atividade média
(Pz < 0,639) receberam codigo 2; cepas com atividade elevada (0,999 < Pz > 0,640)
receberam cddigo 3 (26). Os zimotipos foram gerados seguindo a ordenagao dos digitos
oriundos da secrecdo das enzimas aspartil-protease secretora, fosfolipases,
condroitinase, esterase/lipase e hemolisinas. A zimotipagem nos forneceu uma visao

geral da capacidade produtora de cada cepa, associando as cinco enzimas pesquisadas.



RESULTADOS

Isolamentos positivos de Candida spp. foram obtidos em 35 dos 100 individuos
examinados, sendo 12/42 (28,57%) do grupo dos ndo-fumantes e 23/58 (39,65%) do
grupo de fumantes, ndo havendo diferenca estatistica significante entre os grupos (P =

0,254).

Foram isoladas duas cepas de C. tropicalis 2/14 (14,28%) ¢ uma de C.
parapsilosis  1/14 (7,14%) dos individuos ndo-fumantes. Nos fumantes foram
encontradas trés cepas de C. tropicalis 3/29 (10,35%), duas de C. glabrata 2/29 (6,89%)
e trés de C. parapsilosis 3/29 (10,34%). O pequeno numero isolado destas espécies nao

possibilitou analise estatistica.

C. albicans foi prevalente em ambos os grupos, ocorrendo em 11/14 (78,57%) dos
ndo-fumantes e 21/29 (72,41%) dos fumantes, ndo havendo diferenga estatistica
significante entre eles (P = 0,705) quando o teste ¢ de Student foi aplicado. Nao houve

predominio de coloniza¢do de nenhuma das espécies encontradas em ambos 0s grupos

(Grafico 1).
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Graf. 1. Distribuigdo das espécies de Candida isoladas de ndo-fumantes
(n=14) e fumantes.
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Graf. 2. Atividade das cepas de C. albicans isoladas de ndo-
fumantes (n=11) e fumantes (n=21). * Teste U de Mann-Whitney (p

Das cepas de C. albicans isoladas de nao-fumantes, 7/11 (63,63%) delas
apresentaram atividade enzimatica média para aspartil-protease, 2/11 (18,18%)
apresentaram atividade elevada e em 2/11 (18,18%) ndo foi detectada atividade. Neste
grupo, 11/11 (100%) das cepas apresentaram atividade elevada de fosfolipase,
condroitinase e hemolisina. A atividade enzimatica de esterase/lipase foi média em 9/11
(81,81%) cepas, e ausente em 2/11 (18,18%) dos isolados (Grafico 2). A compilagdo
dos escores de atividade enzimatica das cepas de ndo-fumantes permitiu a obteng¢do de

cinco zimotipos, sendo o Z32232 o mais prevalente.

Nas cepas isoladas de fumantes houve maior variagdo de atividade enzimatica,
sendo encontrados dez zimotipos. A aspartil-protease teve atividade elevada em 3/21
(14,28%) das cepas, assim como outras 3/21 ndo secretaram a enzima. Em 15/21
(71,42%) a atividade foi considerada média. Apenas uma 1/21 (4,76%) cepa ndo
secretou fosfolipase, outras 2/21 (9,52%) apresentaram atividade média e 19/21
(90,47%) foram consideradas fortemente produtoras. Houve diferenca estatistica
significante na producdo desta enzima entre ndo-fumantes e fumantes (P = 0,013). Para
condroitinase, 17/21 (80,95%) cepas apresentaram atividade elevada, 2/21 (9,52%)
cepas apresentaram atividade média e as 2/21 cepas restantes ndo tiveram atividade

detectavel. Nenhuma cepa apresentou atividade elevada de esterase/lipase neste grupo.



A atividade foi média em 19/21 (90,47%) das cepas e ausente em 3/21 (14,28%) dos
isolados. Na produgdo de hemolisina apenas uma cepa apresentou atividade média
(4,76%), enquanto 20/21 (95,23%) apresentaram atividade elevada (Grafico 2). O

zimotipo predominante neste grupo foi o Z22323.

A cepa-padrao CBS562 apresentou o zimotipo coincidente com o mais encontrado
nos fumantes, o 223323, com producdo de todas as cinco enzimas pesquisadas, tendo

produgdo elevada em trés delas (Grafico 3).

Graf. 3. Distribui¢do dos zimotipos das cepas de C. albicans isoladas de

ndo-fumantes (n=11) e fumantes (n=21).



DISCUSSAO

Embora muitos artigos tenham sido publicados sobre a secre¢do de enzimas como
fatores de viruléncia de C. albicans (6, 13, 17, 35, 36) até o nosso conhecimento,
nenhum estudo anterior avaliou a atividade enzimatica da espécie, ou do género, obtida

de individuos saudaveis ndo-fumantes e fumantes.

No presente estudo, 28,57 % dos nao-fumantes apresentou colonizagdo por
Candida spp. contra 39,65 % dos fumantes (p=0,254). Esses resultados sdo inferiores
aos publicados por Rassol et al. (29), que isolaram cepas em 43% dos nao-fumantes e
57% dos fumantes, embora estes autores também ndo tenham encontrado diferenca
estatistica em os grupos. Em 1988, Odds (appud Scully) revisou 32 artigos sobre
positividade de Candida spp. na boca de individuos saudaveis, e relatou que a média de

positividade foi de 34,40%.

Em nosso estudo, C. albicans foi a espécie mais prevalente, em concordancia com
outros autores (22, 29, 37), sendo encontrada em 78,57% dos nao-fumantes e 72,41%
dos fumantes, quando esses se apresentavam colonizados. Embora tenha sido
encontrado um percentual maior de isolamento dessa espécie no grupo dos nao-

fumantes, ndo ha diferenca estatistica entre os grupos.

A positividade de producao de aspartil-proteases (Saps) pelas cepas encontradas
no presente estudo estd de acordo com os estudos de Bramono et al. (6), que
encontraram atividade desta enzima nas cepas de C. albicans, C. tropicalis, C.
parapsilosis, C. glabrata, C. krusei e C. guilliermondii. Mas, difere do encontrado por

Dostal et al. (10), que ndo encontraram atividade em cepas de C. glabrata.

Com relagdo as fosfolipases, ndo foi encontrada qualquer atividade nas cepas de

C. glabrata e C. parapsilosis, o que contraria os achados de outros autores (11, 38), que



afirmam que estas espécies sdo capazes de produzir tais enzimas. Tal fato pode ter
ocorrido devido ao nuimero reduzido de isolamentos dessa espécie nos individuos
arrolados neste estudo.

Quando a secrecdo dessas fosfolipases foi avaliada em isolados de C. albicans
provenientes de ndo-fumantes, detectamos uma significante elevacio de atividade (P =
0,013) em relagao aos isolados de fumantes. Por se tratar de uma enzima que parece
estar diretamente relacionada com a viruléncia desta espécie, era esperado que no grupo
dos fumantes esta secre¢ao fosse maior. Tal fato pode ser explicado em fun¢dao da
selecdo aleatdria das coldnias que deram origem aos isolados analisados. Como foi
selecionada apenas uma coldnia de C. albicans por individuo, podem ter sido excluidas

do estudo outras cepas, com maiores atividades enzimaticas.

Ibrahim et al. (13) reportaram que cepas comensais com baixa producdo de
fosfolipase sdo capazes de colonizar a mucosa, sugerindo que a secre¢do destas enzimas
ndo ¢ um requisito primordial para a patogenicidade de C. albicans, opinido
compartilhada por Mayser et al. (21). Como os individuos aqui analisados ndo
apresentavam quaisquer sinais clinicos de candidose bucal, ¢ razoavel supor que essa
maior secre¢do de fosfolipases por cepas de ndo-fumantes ndo deva ter maiores

implicagdes na colonizagao.

A totalidade das cepas de C. albicans do grupo nao-fumantes produziu
condroitinase, em comparag¢dao com 90,47% produzidos por esta espécie no grupo dos
fumantes. Das espécies “ndo-albicans” apenas C. tropicalis ¢ uma cepa de C.
parapsilosis produziram condroitinase. Ainda, as duas cepas de C. glabrata isoladas
ndo produziram condroitinase. Este resultado estd de acordo com Shimizu et al. (39)
que observaram a produ¢do da enzima em 97,8% das cepas de C. albicans, sendo esta

produgdo seguida por C. tropicalis, C. guilliermondii, C. parapsilosis e C. krusei, e com



Chaffin et al. (9) que afirmam que hialuronidase e condroitinase podem ser produzidas
por C. albicans, C. tropicalis, C. guilliermondii, C. parapsilosis, € C. krusei, mas em

uma pequena propor¢do dos isolados.

No presente estudo foi avaliado também a secrecdo de esterase/lipase. Todas as
espécies foram capazes de secretar esta enzima; porém, em diferentes proporcdes. Este
achado estd de acordo com as pesquisas de outros autores (6, 9, 33, 43). O papel exato

da atividade lipolitica na patogenicidade das cepas ainda ndo foi esclarecido.

A atividade das hemolisinas estd associada a capacidade que as cepas t€ém em
destruir hemacias e utilizar o ferro como nutriente. Nossos resultados mostraram que
todas as espécies encontradas produziram hemolisinas, em concordancia com os estudos

de Luo et al. (19), sendo fortemente produtoras na maioria das cepas.

Dentre as cepas de C. albicans examinadas, nenhuma apresentou elevados niveis
de secre¢do para as cinco enzimas de forma concomitante, i.e. nenhuma apresentou
valor 1-Pz maior que 0,640 para as cinco enzimas estudadas. Isto estd em concordancia
com o estudo de Bramono et al. (6), que pesquisaram a secre¢do de aspartil-protease,
lipase e a-glucosidase em cepas de C. albicans, e nenhuma exibiu altos niveis de

atividade para as trés enzimas simultaneamente.

Tem sido sugerido que o cigarro pode levar a alteragdes localizadas no epitélio
que permitem a colonizagdo por Candida (3, 25). Williams et al. (44) mostraram que
uma maior queratinizagdo favorece a aderéncia de C. albicans. Ainda, Barret-Bee et al.
(5) propuseram que a fosfolipase teria um importante papel nessa aderéncia; proposi¢cao
ndo compartilhada por Ghannoum et al. (12). Na mesma direcdo, Ray & Payne (30)
mostraram que blastoporos de C. albicans podem degradar a queratina celular

utilizando-se de proteases acidas e Jayatilake et al. (14) propuseram que as fosfolipases



também podem ser participar desta destrui¢do, o que, em ultima instancia, favoreceria a

colonizagao.

A despeito dos argumentos acima, talvez a menor secrecao de enzimas por cepas
obtidas junto a fumantes se deva a uma sele¢do clonal determinada pela qualidade da
saliva. Como as Saps (8) e as fosfolipases (20, 34) sdo usualmente ativas somente em
meios acidos e ja foi mostrado que fumantes apresentam saliva mais 4cida € com menor
capacidade tamponante que nao-fumantes (17, 18, 27, 40), ¢ razoavel supor que no
grupo dos fumantes ndo seja necessdria uma alta taxa de secre¢do para que as cepas

possam conduzir sua colonizagao.

De acordo com a literatura disponivel, fumantes podem ter maior predisposi¢do a
colonizacdo por Candida spp. devido a indug¢do de um aumento na queratiniza¢do do
epitélio (4, 25, 44) ; a diminuicdo da atividade dos leucécitos, do exudato gengival (42)
e dos niveis de imunoglobulina A (42); sendo relatados os efeitos do fumo no individuo,

mas nao nos microorganismos.

Mais estudos sdo necessarios para identificar o efeito, se € que existe, do cigarro

sobre as espécies de Candida que fazem parte da microbiota bucal humana.



CONCLUSAO

Concluimos com nosso estudo que a carga fungica bucal ndo difere entre nao-
fumantes e fumantes. O perfil de viruléncia ndo diferiu entre ndo-fumantes e fumantes,
exceto para a secrecdo das fosfolipases, pois houve uma menor secre¢do destas enzimas

nas cepas de Candida albicans de individuos fumantes.
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ABSTRACT

The cigarette smoke contains substances that can be degraded by enzymes of
Candida species, been used like nutrients and converted to carcinogen end products.
The purpose of this study was evaluated the carriage of Candida species and analyse the
extracellular proteolytic activities of Candida isolates from healthy adults non-smokers
and smokers. One hundred adults (42 non-smokers and 58 smokers) were studied. The
samples were collected from intra oral swabs and smears from dorsum of tongue, right
and left jugal mucosa each. The identification of species of Candida was made using the
culture medium CHROMagar®Candida. The carriage of the gender Candida was
28,57% in non-smokers individuals and 39,65% in smokers (P = 0,254). Candida
albicans was the most prevalent one between the two groups, being isolated in 78.57%
in the non-smokers, and 72.41% in the smokers. Other species found were C.
parapsilosis, C. glabrata, and C. tropicalis. From the positive individuals was random
one strain of C. albicans, comprised 32 strains that were evaluated regarding the
proteolytic activity of the following enzymes: secreted aspartyl-protease (Sap),
phospholipase, chondroitinase, esterase-lipase, and haemolysin. Regarding the
hydrolytic enzymes, there was bigger enzymatic activity in the group of non-smokers,
in all studied enzymes, with significant statistical difference between both groups in the
activity of phospholipase, that was bigger in the strains of non-smokers (P = 0,013). The
results obtained in this study have shown that the smoking do not alter significantly the
carriage of Candida spp., neither the enzymatic activity of C. albicans strains, except

the activity of phospholipase.
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INTRODUCTION

Candida albicans is present in the inoffensive form in the oral cavity of 50% of
healthy people (37). Besides C. albicans, other species such C. tropicalis, C. glabrata,
C. krusei, and C. parapsilosis are able to compete with the oral microbiota and become
pathogenic. These forms of candidosis are mycotic infections relatively common and
well known, however, not completely understood (22).

According to Almeida & Scully, (1) the main obstacles for these fungi to grown in
humans are the high temperature and the cellular immunity. The virulence of C.
albicans is associated to the increase of the production of the germinative tube by yeasts
under low temperatures. Yeasts that grow under room temperature are more resistant to
the actions of polymorph nuclear leukocytes (2). The development of mycelium by
strains of Candida (dimorphism) also favours the infection as result of the antigenic
variability of the surface and of the mycelial format that propitiates more adherence
hindering the phagocytary action by the immune system (23).

The smoking is also associated to the predisposition to the oral candidosis (15, 31,
42, 45). The nicotine in the tobacco may cause structural and functional changes in the
keratinocytes (25). The effects of tobacco on the epithelial cells reduces the anti-
Candida activity of cells and may increase the susceptibility to oropharyngeal
candidosis (42), and can cause thickening of the keratinised layer of the epithelium, that
may contribute for a more pronounced colonization by yeast (37, 44).

Smoking subjects report recurrence of infections caused by Candida after the end
of antifungal therapy; on the other hand, there are clinic evidences that some infections

disappeared after ceasing the smoking habit (15).



The production of histolytic enzymes is an important factor in the development
of diseases caused by opportunistic fungi, especially in clinic isolates of Candida spp.
The enzymes may promote the access of the fungus to the nutrients of the organism,
even penetrating the cells of the host through haustorium-like structures (14). When the
hydrolysis of the substrata or the action of the extracellular proteins affects the function
and viability of the host, the enzymes may be considered factors of virulence that
contribute for the establishment of infection (7, 22, 32).

This study was carried aiming at assessment of the carriage of oral Candida
species and the profiles of virulence of the strains of Candida among the smoking and
non-smoking populations. Thus, there were performed the following tests: counting of
the different species of Candida, productions of secreted aspartyl-proteases (Saps),

phospholipases, chondroitinase, esterase/lipase, and of hemolysins.

MATERIAL AND METHODS

The participation of individuals was conditioned to the agreement of term of free
and aware consentient with accordance to policies of the Research Ethics Committee of
the Pontifical Catholic University of Parana (PUCPR).

There were examined 100 individuals, 42 non-smoking and 58 smoking and there
was considered chronic smoker that individual whose daily consumption has been equal
or superior to five cigarettes for, at least, one year, and considered non-smoker that one
who has never smoked before (29). Individuals whose daily consumption was lower to
five cigarettes per day, were excluded of the study. Each individual was evaluated by

only one professional who performed the anamnesis and a physical exam, survey of the



health conditions of the mucosa and other soft tissues as well as the teeth. Individuals
with clinical manifestations of oral candidosis; relates of systemic diseases like
diabetes, hypertension; pregnancy; or individuals used of antibiotics in the last three
months before the collects, or using of sialoreductor drugs were excluding conditions of
the sample. The medium age of the non-smokers individuals was 19,95 + 2,13 years and
of the smokers was 22,83 £ 5,75 years.

Sample of superficial scrapings (swabbing) of the back of the tong and jugal
mucosa of subjects were taken, inoculated in dishes containing CROMAgar“Candida
(CHROMagar Microbiology, Biomerieux, Paris, France) and incubated at 37°C, for 48
hours. After the phenotypic identification (24), the strains were transferred to storing
tubes containing Sabouraud Dextrose Agar (Difco Laboratories, Detroit, Mich., USA).

A total of 43 strains from the genus Candida (a colony/phenotype from each
individual) which were submitted to checks of enzymatic activity. There were also
tested the type-strain of C. albicans CBS562 from the archive of Laboratory of
Stomatology of PUCPR. The isolates were grown at 37°C in 5SmL of Sabouraud
Dextrose Broth (Difco Laboratories, Detroit, Mich., USA). After 24 hours, the cells
collect through centrifugation and washed three times with sterile distilled water. The
pellets were resuspended in sterile water until the equivalent to the tube #10 of the scale
of MacFarland and inoculated, in equidistant points, in the culture media for the semi-
quantitative  detection of secreted aspartyl-protease (Sap), phospholipases,
chondroitinase, esterase/lipase, and haemolysins. All the tests were made in duplicate.

The secretion of Sap was verified following the protocol of Ruchel et al. (32),
employing the fraction V of bovine albumin (Sigma Chem Co., St. Louis, Mo., USA) as
substratum, Yeast Nitrogen Base (Difco Laboratories, Detroit, Mich., USA) and 2.5ml

of Protovit®Plus (Roche Laboratories, Sao Paulo, Brazil) as cofactors (22). The



enzymatic activity was evidenced by the formation of a translucent around the colony,
10 days after the inoculation. (10).

The phospholipasic activity was researched according to the method of Price et al.
(28). In 1.000 mL of sterile distilled water, there were dissolved 10.0g of peptone
(Difco Laboratories, Detroit, Mich., USA) 30.0g of glucose, 57.3g of NaCl, 0.55g
CaCl,, and 20.0g of agar (Oxoid, Fakola AG, Basel, Switzerland). The medium was
sterilized in autoclave at 120°C for 15 minutes and cooled to a temperature of 55°C. The
sterile egg yolk without potassium tellurite (Newprov Prod. Laborat., Inc., Sao José dos
Pinhais, Parand, Brazil) was added to the sterilized medium. After 4 days of inoculation,
the dishes were observed regarding the formation of an area of yellow colour around the
colonies.

Concerning the research of chondroitinase, there was employed the modified
protocol of Smith & Willett (41). The culture medium was prepared using neopeptone
10g, glucose 40g, agar noble 15g (Sigma Chem Co., St. Louis, Mo., USA) and distilled
water till 1.000mL and autoclaved at 120°C for 15 minutes. After cooling to 55°C, there
was added 10mL of sterile solution of 10% fraction V bovine albumin plus 4%
chondroitin sulphate (Sigma). The final pH was adjusted among 6.8 £ 0.2. The
inoculations were kept in stove for 48 hours.

The Tween®80 (Sigma) opacity test was used for determining the production of
esterase/lipase. The medium of culture was prepared with 15.0g of SDA (Difco) and
10g CaCly, in 1.000 mL of distilled water (33). After autoclaved, the medium was
cooled to 50°C and 10mL of Tween™80 autoclaved (Sigma) were added. The
inoculations were kept in stove for seven consecutive days.

For determining the haemolytic activity, the strains were inoculated in dishes of

Blood-Agar with 70 mL of fresh and defibrinated blood of sheep (Newprov); 30g of



glucose (Sigma); till 1.000 mL of 1% Agar-agar solution (Oxoid); final pH 5,6 (19).
The formation of a translucent halo around the colonies after 48 hours of incubation has
pointed positive haemolytic activity.

After the daily observation, there were performed the reading of the size of the
colonies and size of halos formed for each enzyme by unique observer using
transillumination and a digital caliper (Mitutoyo, Japan) and calculated the enzymatic
activities. These enzymatic activities (Pz) were determined according to the technique
of Price et al. (28), through the ratio among the diameter of the colony (CD) and the
diameter of the formed halo (HD). This result is denominated Pz, and represents the
enzymatic activity of each strain tested. As little values of Pz points a more expressive
enzymatic activity and vice-versa, there was opted for subtracting such values from 1
(1-Pz) (26). The data therefore obtained were analysed with regard to their distribution
by the test of Kolmogorov-Smirnov. For secreted aspartyl-protease, chondroitinase, and
haemolysins, there was a normal distribution of the values, and there was used the
Student’s ¢ test. In the enzymes, which did not present normal distribution
(phospholipase and esterase/lipase), there was used the non-parametric Mann-Whitney
U test.

The enzymatic activity was analysed only in isolates of C. albicans due to the
inexpressive obtaining of other species.

Besides the statistic assays, the values of 1-Pz also allowed the classification of
strains in zymotypes. Each digit was generated from a score of activity (7). Non-
producer strains (Pz = 1.000) were codified as 1, besides the diameter of the formed
halo was considered the same of the diameter of the colony; strains with intermediary
activity (Pz <0,639) received code 2; strains with high enzymatic activity (0,999 < Pz >

0.640) received code 3 (26). The zymotypes were generated following the ordination of



the digits resultant of the secreted aspartyl-protease, phospholipases, chondroitinase,
esterase/lipase, and haemolysins. The zimotyping gave us an overall of the enzymatic

activity that each strain associated the activity of the five enzymes studied.

RESULTS

Positive isolations of Candida were obtained in 43 out of the 100 collected
sampled, being 12/42 (28,57%) from the check group and 29/58 (39,65%) from the

group of smokers, don’t having statistic difference among the groups (P = 0,254).

C. albicans was the most prevalent in both groups, occurring in 11/14 (78.57%) of
non-smokers and 21/29 (72.42%) of smokers, not presenting statistic difference among
the groups (P = 0.705) when the Student’s ¢ test was performed. Regarding the non-
albicans species, there was no colonial predominance of any species in either group, as

observed in graphic 1.
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FIG. 1. Distribution of yeast species isolated from non-smokers (n = 14) and smokers (n = 29). No disparities
were found when the Test for Differences Between Two Proportions was employed.
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FIG. 2. Overall view of extracellular enzymatic activity of C. albicans strains isolated from non-smokers (n = 11)
and smokers (n= 21). * Mann-Whitney U test; P =0.0131.

From the strains of C. albicans isolated from non-smokers, 7/11 (63,64%) of them have
presented mean enzymatic activity for secreted aspartyl-protease, 2/11 (18.18%) have
presented high activity, and in 2/11 (18.18%), there was not detected activity. In this
group, 11/11 (100%) of the strains have presented high activity of phospholipase,
chondroitinase, and haemolysin. The enzymatic activity of esterase/lipase was medium
in 9/11 (81.81%) strains and absent in 2/11 (18.18%) of the isolates. (Graphic 2).The
compilation of scores of enzymatic activity allowed the obtaining of six zymotypes,
being the Z23323 the most prevalent one.

In the strains isolated from smokers, there was a larger variation of the enzymatic
activity, being found ten zymotypes (Figure 3). Secreted aspartyl-protease presented
high activity in 3/21 (14,28%) of the strains, and the other 3/21 have not secreted the
enzyme. In 15/21 (71,41%), the activity was considered medium. Only 1/21 (4.76%)
strain has not secreted phospholipase, other 2/21 (9.52%) have presented intermediary
activity, and 19/21 (90,47%) were considered strong producers. The enzymatic activity
of this enzyme showed difference between non-smokers and smokers (P = 0,013). For
chondroitinase, 17/21 (80.95%) strains have presented high activity, 2/11 (9.52%)

strains have presented intermediary activity, and 2/11 strains have not presented a



detectable activity. No strain has presented high activity of esterase/lipase in this group.
The activity was intermediary in 19/21 (85.71%) of strains and absent in 3/21 (14.29%)
of the isolates. In the production of haemolysin, only one strain has presented
intermediary activity (4.76%) while 20/21 (95.23%) have presented high activity. The

predominant zymotype was the Z22323.

The standard-strain CBS562 has presented a coinciding zymotype to the one
found in the smokers, the 723323, with production of all the researched enzymes,

having elevated production in three of them (Graphic 3).
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Fig 3. Distribution of zymotypes of C. albicans strains isolated from non-smokers (n= 11)
and smokers (n= 21).

DISCUSSION

Despites the considerable source of information regarding the factors that
determine the virulence of C. albicans (6, 13, 17, 35, 36), in our knowledge, no
previous study has evaluated the enzymatic activity of the species, not even of the genus
that was obtained from smoking and non-smoking individuals.

In the present study, 28,57% of smokers presented themselves positive for the

colonization by Candida spp. against 39,65% of non-smokers (P > 0.05). These results



are less inferior to the ones published by Rassol ez al. (29) that isolated yeasts in 43% of
non-smokers and 57% of smokers. Nevertheless, not even these authors obtained
statistic differences among groups, what would take us to an inference that the age
might be a factor of predisposition to the more determinant colonization than the
smoking habit.

C. albicans was the most prevalent species, being found in 78.54% of non-
smokers and 72.41% of smokers, when colonized. Although there was found a higher
percentage of isolation of this species, there is no statistical difference among the
groups.

The production of secreted aspartyl-proteases (Saps) by the strains found in the
present study corroborates with the studies of Bramono et al. (6), which found the
activity of this enzyme in the strains of C. albicans, C. tropicalis, C. parapsilosis, C.
glabrata, C. krusei, and C. guilliermondii. But, differently from the findings of Doéstal et
al. (10), there was not found activity in strains of C. glabrata.

Regarding the phospholipases, there was not found any activity in the strains of C.
glabrata and C. parapsilosis, what contradict the findings of other authors (11, 38), who
affirm that these species are able to produce such enzymes. Such fact might have
happened due to the reduced number of isolations of this species in the individuals who
participated in this study.

When the secretion of these phospholipases is evaluated in isolates of C. albicans
from non-smokers, it is noticeable a significant activity elevation (P = 0,013) in relation
to the isolates of non-smokers. As it seems to be an enzyme directly related to the
virulence of this species, it was expected higher secretion in the group of smokers. Such
fact may be partially explained in function to random selection of the colonies that

originated the analysed isolates. As there was selected only a colony of C. albicans per



individual, other strains with higher enzymatic activity might have been excluded from
the study.

Ibrahim et al. (13) reported that commensal strains with low production of
phospholipase are able to colonize mucosas, suggesting that the secretion of these
enzymes is a prerequisite for the colonization of those type of epithelium, opinion have
shared with Mayser et al. (21). As the individuals here analysed have not presented any
clinic sign of oral candidosis, it is reasonable to suppose that this higher secretion of
phospholipases by the strains of non-smokers might not have bigger implications in the
simple event of colonization.

The totality of strains of C. albicans of the non-smoking group produced
chondroitinase, in comparison to 90% produced by this species in the smoking group.
Among the non-albicans only C. tropicalis and one strain of C. parapsilosis produced
chondroitinase. More, the two strains of C. glabrata have not produced chondroitinase.
This result corroborates with Shimizu et al. (39) who observed the production of the
enzyme in 97.8% of the strains of C. albicans, being this production followed by C.
tropicalis, C. guilliermondii, C. parapsilosis, and C. krusei; it also corroborates with
Chaffin et al. (9) who affirmed that hyaluronidase and chondroitinase may be produced
by C. albicans, C. tropicalis, C. guilliermondii, C. parapsilosis, and C. krusei, but in a
small proportion of the isolates.

In the present study, there was evaluated also the secretion of esterase/lipase. All
species were able to secrete this enzyme; however, in different proportions. This result
corroborates with reported by another authors (6, 9, 33, 43) that this enzyme is present
in a series of species of Candida; however, its correlation with the pathogenic behaviour

of the strains was not established yet.



The activity of haemolysins is associated to the ability that these strains have for
destroying red blood cells and use the iron as nutrient. Our results have shown that all
species found have produced haemolysins, in concordance with the sstudy of Luo et al.
(19), being strongly produced in the majority of strains.

Among the strains of examined C. albicans, none of them has presented high
levels of secretion for the five enzymes, concomitantly, i.e. no one has presented a value
1-Pz higher than 0.640 for the five enzymes studied. This agrees with the study of
Bramono et al. (6) who researched the secretion of secreted aspartyl-protease, lipase,
and a-glucosidase in strains of C. albicans, and none of them has shown high levels of
activity for those three enzymes, simultaneously.

The literature suggest that tobacco’s cigarettes can cause changes in the oral
epithelium that allowed the Candida colonization (3, 25). Willians et al. (44) showed
that a higher keratinisation favours the adherence of Candida albicans. Moreover,
Barret-Bee et al. (5) proposed that the phospholipase could have an important role in
this adherence; a proposition not shared with Ghannoun et al. (12). In the same
direction, Ray & Payne (30) showed that blastopores of C. albicans can degrade cellular
keratin using acidic proteases and Jayatilake et al. (14) proposed that phospholipases
can also be important in this destruction, what, without further appeal, would favour the
colonization.

Concerning the arguments above, maybe, the lowest secretion of the enzymes
per strains obtained from smokers is due to a clonal selection determined by the quality
of the saliva. As the Saps (8) and the phospholipases (20, 34) are usually active only
under acidic conditions and there was already shown that smokers present a more acidic

saliva and smaller buffering ability than the non-smokers (17, 18, 27, 40), it is



reasonable to suppose that in this second group, it is not necessary a high rate of
secretion for the strains to manage their colonization.

According with the available literature, smokers may show a higher oral
Candidal colonization due to induction of increased epithelial keratinisation (4, 25, 44);
to a reduction: in function of polymorphonuclear leukocytes, in gingival exudates and in
salivary immunoglobulin A levels (42).

Researches of Candida species, especially C. albicans, his virulence and the
effects of chemical substances about them, can facilitate the diagnosis, change the needs

of treatment e help in the prevention of oral candidosis (6).

CONCLUSION

The results obtained in this study showed that in the two populations here
analysed, the oral fungal load does not differ between smoker and non-smoker.
Regarding the hydrolytic enzymes, there was a higher tendency of enzymatic secretion

in the strains of Candida albicans isolated from non-smokers.
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6. ANEXOS



ANEXO I — Material e Métodos
O projeto de pesquisa foi submetido e aprovado pelo Comité de Etica em Pesquisa da

PUCPR, sob registro no CEP n° 658/06 (Anexo V).

Amostra

Neste estudo foram avaliados 100 individuos, 42 ndo-fumantes e 58 fumantes.
Foram considerados fumantes aqueles com consumo igual ou superior a cinco cigarros
por dia ha pelo menos um ano, e ndo-fumantes aqueles que relataram nunca terem
fumado (29). Individuos que fumavam menos de cinco cigarros por dia foram excluidos
da pesquisa. Cada individuo foi avaliado por um especialista em Estomatologia que
realizou a anamnese e o exame fisico intrabucal, inspecionando as mucosas, tecidos
moles ¢ dentes. Individuos com manifestagdes clinicas de candidose bucal; relato de
doengas sist€émicas na anamnese, como diabetes ou hipertensdo; mulheres gravidas;
individuos que tivessem utilizado antibidticos nos trés meses que precederam as coletas
ou fazendo uso de medicagdo sialorredutora, foram excluidos da amostra. A média de
idade dos individuos ndo-fumantes foi de 19,95 + 2,13 anos e dos fumantes de 22,83 +
5,75 anos. A média de cigarros consumidos por dia foi 12,79 + 5,73 e do tempo de uso
em anos foi de 6,19 = 5,10. Amostras de raspado superficial (swabbing) do dorso da
lingua e da mucosa jugal dos individuos foram recolhidas, semeadas em placas
contendo CHROMagar®Candida (CHROMagar Microbiology, Biomerieux, Paris,
Franca) e incubadas a 37°C, por 48 horas. Apés a identificacdo fenotipica (24), as cepas
foram transferidas para tubos de armazenamento contendo Agar Sabouraud Dextrose

(DAS, Difco Laboratories, Detroit, Mich., USA).

Ensaios enzimaticos



Um total de 43 cepas do género Candida (1 colonia/fendtipo por individuo) foram
submetidas as provas de atividade enzimatica. A cepa-padrao de C. albicans CBS562
proveniente do estoque do Laboratério de Estomatologia da PUCPR foi testada como
controle. Os isolados foram crescidos em estufa a 37°C em SmL de Caldo Sabouraud
Dextrose (Difco Laboratories, Detroit, Mich., USA). Apos 24 horas as células foram
recolhidas por centrifugacao e lavadas trés vezes com agua destilada estéril. Os pellets
foram ressuspendidos em agua estéril até o equivalente ao tubo 10 da escala de
MacFarland e 5 pL inoculados com o auxilio de discos de papel filtro esterilizados, em
cinco pontos eqiiidistantes, nos meios de cultura para deteccdo semi-quantitativa de
aspartil-protease secretora (Sap), fosfolipases, condroitinase, esterase/lipase e
hemolisinas. Todos os testes foram realizados em duplicata.

A secrecao de Sap foi verificada seguindo o protocolo de Ruchel et al. (32). Uma
suspensdo contendo Agar -15 g (Oxoid, Fakola AG, Basel, Sui¢a) e¢ Yeast Nitrogen
Base - 11,7 g (YNB, Difco Laboratories, Detroit, Mich., USA) e dgua destilada — 900
mL foi esterilizada por autoclave a 120°C durante 15 minutos . Apos resfriamento a
55°C, esta suspensdo foi acrescida de albumina bovina fragdo V - 2,0 g (Sigma Chem
Co., St. Louis, Mo., USA), e 2,5 mL de Protovit Plus® (Roche, Sao Paulo, Brasil)
dissolvidos em 100 mL de agua destilada estéril e esterilizados em filtros de Millipore
de 0,22 um. O pH foi ajustado (entre 4,0 e 4,5), e a solucdo imediatamente vertida em
placas de petri estéreis de 90 mm de didmetro. As placas permaneceram em estufa a

37°C por 10 dias (10).

A atividade fosfolipasica foi pesquisada seguindo o método de Price et al.(28). Em
1.000 mL de agua destilada estéril foram dissolvidos 10,0g de peptona (Difco
Laboratories, Detroit, Mich., USA), 30,0g de glucose, 57,3g de NaCl e 0,55g CaCl, e

20,0g de Agar (Oxoid) . O meio foi esterelizado em autoclave a 120°C por 15 minutos e



resfriado a uma temperatura de 55°C. O egg yolk estéril sem telurito de potassio a 50%
(Newprov Prod. Laborat., Inc., S3o José dos Pinhais, Parana, Brasil) foi adicionado ao
meio esterelizado. Apoés 4 dias de inoculagdo, as placas foram observadas quanto a

formag¢ao de uma zona de cor amarelada ao redor das colonias,

Para a pesquisa de condroitinase foi empregado o protocolo de Smith & Willett (41)
modificado. O meio de cultura foi preparado usando-se neopeptona 10g, glucose 40g,
Agar noble 15g (Sigma Chem Co., St. Louis, Mo., USA) e agua destilada qsp 1.000mL
e autoclavado a 120°C por 15 minutos. Apo6s resfriamento a 55°C, foi acrescentada uma
solugdo de albumina bovina fragdo V - 1,0g (Sigma) e sulfato de condroitina - 400mg
dissolvidos em 10mL de 4gua destilada estéril e esterilizados em filtros de Millipore de
0,22 um. O pH final foi ajustado entre 6,8 + 0,2. O halo formado foi medido apo6s 48h

de inoculacgao.

O teste de opacidade Tween® 80 (Sigma Chem Co., St. Louis, Mo., USA) foi
utilizado para determinar a producdo de esterase/lipase. O meio de cultura foi preparado
com 15,0 g de SDA (Difco Laboratories, Detroit, Mich., USA) e 10 g CaCl,, em 1.000
mL de 4gua destilada (33). Apos ser autoclavado, o meio foi resfriado a 50°C e 10 mL
de Tween"80 (Sigma) autoclavado foi adicionado. As inoculagdes permaneceram em

estufa a 37°C por sete dias consecutivos.

Para determinar a atividade hemolitica, as cepas foram semeadas em placas de
Agar-sangue usando o protocolo de Luo et al. Modificado (19), utilizando 70mL de
sangue de ovelha fresco e desfibrinado (Newprov Prod. Laborat.); 30g de glucose; gsp
1.000mL de solugdo de Agar-agar 1% (Oxoid); pH final 5,6. A formagdo de um halo
translucido ao redor das colonias apos 48h de incubagdo indicou atividade hemolitica

positiva.



Obtencdo dos resultados

Apds os periodos de observacdo foram feitas as leituras do tamanho das colonias e
dos halos formados por um tunico pesquisador calibrado, utilizando transiluminagdo e
um paquimetro digital (Mitutoyo, 6” digital caliper, w/abs, Japao) e calculadas as
atividades enzimaticas. Estas atividades foram determinadas de acordo com a técnica de
Price et al. (28), dividindo-se o didmetro da colonia (DC) pelo didmetro do halo
formado (DH). Este resultado ¢ denominado Pz, que representa numericamente a
atividade enzimatica da cepa testada. Como menores valores Pz indicam maior
atividade enzimatica e vice-versa, optou-se por subtrair tais valores de um (1-Pz) (26).
Os dados assim obtidos foram analisados quanto a sua normalidade de distribui¢cdo pelo
teste de Kolmogorov-Smirnov. Para aspartil-protease secretora, condroitinase e
hemolisinas houve distribuicdo normal dos valores e foi utilizado o teste ¢ de Student.
Nas enzimas onde ndo houve distribuicdo normal, fosfolipase e esterase/lipase, foi

utilizado o teste ndo-paramétrico U de Mann-Whitney (Gréafico 2).

A atividade enzimatica foi analisada estatisticamente somente nos isolados de C.

albicans, devido a inexpressiva obtencao de outras espécies.

Além dos ensaios estatisticos, os valores 1-Pz também permitiram a classificagdo
das cepas em zimotipos. Foram gerados digitos a partir de um escore de atividade dado
aos valores de Pz (7). Cepas ndo produtoras (Pz =1,000) foram codificadas como 1, pois
o diametro do halo foi considerado igual ao da coldnia; cepas com atividade média
(Pz<0,639) receberam coédigo 2; cepas com atividade elevada (0,999<Pz >0,640)
receberam codigo 3. Os zimotipos foram gerados seguindo a ordenacdo dos digitos
oriundos da secrecdo das enzimas aspartil-protease secretora, fosfolipases,
condroitinase, esterase/lipase e hemolisinas. A zimotipagem nos forneceu uma visao

geral da capacidade produtora de cada cepa, associando as cinco enzimas pesquisadas.



Questiondario
Questionario Data: / /

Voluntario n°:

Nome:

End.:

Aluno PUCPR?  Curso: Periodo:

Data de nasc.: Idade: anos e meses
Hé quanto tempo foi sua ultima refeicao/ingestao de liquidos?

Fumante? Quantos cigarros por dia?

Qual marca? Fumante ha quanto
tempo?

Diabético? Compensado?

Hipertenso? Depressivo?

Toma algum medicamento? Qual (is)?

Ha quanto tempo?

Boca seca? Quantos litros de liquido ingere por dia?

Transpiracdo

noturna?

Usudrio de prétese dentéria?

Usudrio de aparelho ortodontico?




ANEXO II — Analise estatistica

Individuos nao-fumantes

Cepa
NF1
NF2
NF3
NF4
NF5
NE7
NF9
NF11
NF12
NF13
NF14
NF1d
NF2d
NF3d
NF4d
NF5d
NF7d
NF9d
NF11d
NF12d
NF13d
NF14d

espécie

C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans

C. albicans

aspartil
0,660
1,000
1,000
1,000
0,941
0,624
0,725
0,744
0,588
0,687
0,803
0,788
0,919
1,000
1,000
0,957
0,609
0,766
0,722
0,576
0,663
0,751

fosfolipase
0,520
0,400
0,468
0,466
0,501
0,445
0,500
0,472
0,500
0,538
0,444
0,456
0,425
0,534
0,516
0,454
0,451
0,529
0,450
0,474
0,572
0,571

condroitinase
0,435
0,503
0,579
0,548
0,478
0,578
0,633
0,624
0,368
0,472
0,420
0,510
0,476
0,518
0,610
0,429
0,568
0,625
0,591
0,378
0,679
0,385

esterase
0,848
0,931
1,000
0,921
0,943
0,969
1,000
1,000
1,000
0,827
1,000
1,000
0,896
0,944
0,920
1,000
0,939
0,715
0,752
1,000
0,790
1,000

hemolisina
0,472
0,234
0,572
0,401
0,703
0,633
0,333
0,311
0,575
0,532
0,363
0,548
0,235
0,419
0,441
0,460
0,639
0,357
0,274
0,657
0,600
0,238



Individuos fumantes

Cepa
GF1
GF2
GF3
GF5
GF6
GF7
GF8
GF9
GF10
GF12
GF14
GF15
GF16
GF17
GF18
GF19
GF20
GF21
GF22
GF23
GF27
GF1d
GF2d
GF3d
GF5d
GF6d
GF7d
GF8d
GF9d
GF10d
GF12d
GF14d
GF15d
GFl16d
GF17d
GF18d
GF19d
GF20d
GF21d
GF22d
GF23d
GF27d

espécie

C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans

C. albicans

aspartil
0,799
0,575
0,637
0,891
0,865
0,741
0,430
0,627
1,000
0,632
1,000
0,838
0,814
1,000
0,802
1,000
0,883
0,794
1,000
0,851
1,000
0,872
0,688
0,755
0,797
0,675
0,789
0,437
0,599
0,825
0,639
1,000
0,788
0,916
0,817
0,822
1,000
0,906
0,672
1,000
0,902
1,000

fosfolipase
0,464
0,425
0,580
0,462
0,814
0,500
0,457
0,476
0,791
0,615
0,516
0,475
0,478
0,473
0,492
0,491
0,531
0,477
0,586
0,500
1,000
0,609
0,588
0,659
0,562
0,828
0,500
0,470
0,450
0,693
0,533
0,576
0,450
0,477
0,501
0,538
0,476
0,500
0,490
0,675
0,471
1,000

condroitinase
0,338
0,432
0,449
0,538
0,440
0,471
0,649
0,429
0,531
0,654
0,407
0,476
0,666
0,626
0,395
1,000
0,391
0,610
1,000
0,792
0,353
0,357
0,633
0,413
0,695
0,600
0,692
0,606
0,500
0,372
0,679
0,385
0,556
0,588
0,652
0,449
1,000
0,567
0,641
1,000
0,750
0,349

esterase
0,794
1,000
0,794
0,828
1,000
1,000
0,855
0,748
0,633
0,967
0,796
0,855
0,938
0,835
1,000
1,000
0,763
0,954
0,934
1,000
0,941
0,891
1,000
0,788
0,873
1,000
0,747
0,937
1,000
1,000
0,790
0,886
1,000
0,835
0,952
0,904
1,000
0,900
0,944
0,685
0,858
0,911

hemolisina
0,356
0,325
0,347
0,439
0,519
0,397
0,508
0,239
0,360
0,344
0,307
0,513
0,412
0,506
0,494
0,500
0,251
0,672
0,326
0,487
0,484
0,464
0,296
0,469
0,444
0,505
0,327
0,514
0,321
0,444
0,321
0,296
0,497
0,384
0,488
0,584
0,586
0,326
0,612
0,393
0,542
0,548



ANEXO II - Analise Estatistica

Com a finalidade de se eliminar a hipdtese nula de que as diferencas observadas entre os grupos sdo
devidas ao acaso foi aplicado o teste de normalidade de Kolmogorov-Smirnov. Nas enzimas aspartil-
protease, condroitinase e hemolisina, houve distribuicdo normal dos valores, portanto foi utilizado o teste
“t” de Student. Nas enzimas onde ndo houve distribuicdo normal, fosfolipase e esterase/lipase, foi
utilizado o teste ndo paramétrico U de Mann-Whitney. De acordo com este teste, para a atividade
enzimatica de fosfolipase, p=0,01, sendo estatisticamente significante, pois p< 0,05.

Testes de Normalidade

condroitinase

hemolisina

fosfolipase

esterase

aspartil

Grupos

Nao Fumantes

Fumantes

Grupos

Nao Fumantes
Fumantes

Nao Fumantes
Fumantes

Nao Fumantes
Fumantes

Nao Fumantes
Fumantes

Nao Fumantes
Fumantes
Variaveis
condroitinase
hemolisina
fosfolipase
esterase
aspartil
condroitinase
hemolisina
fosfolipase
esterase

aspartil

Teste U de Mann-Whitney

Ranks

fosfolipase

esterase

Grupos

Nao Fumantes
Fumantes
Total

Nao Fumantes
Fumantes

Total

Kolmogorov-Smirnov

Statistic
0,114295346
0,113708348
0,107259444
0,118425577
0,147174136
0,218649254
0,205855777
0,145593267
0,151696582
0,130404093
Count

22

22

22

22

22

42

42

42

42

42

22
42
64
22
42
64

Mean
0,518
0,454
0,486
0,927
0,796
0,575
0,432
0,563
0,894
0,811

Mean Rank
24,52272727
36,67857143

36,59090909
30,35714286

Sig.
0,2000
0,1992
0,2000
0,1514
0,2000
0,0000
0,0161
0,0255
0,2000
0,0701
Median
0,514
0,450
0,473
0,944
0,758
0,561
0,444
0,500
0,907
0,820

Sum of Ranks
539,5
1540,5

805
1275

Std Deviation
0,092
0,149
0,046
0,088
0,153
0,185
0,104
0,140
0,098
0,155



ANEXO III - GRAFICOS

GRAFICO 1. Distribuigio das espécies isoladas
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Graf. 1. Distribuicao das espécies de Candida isoladas de ndo-fumantes (n=14) e fumantes.

GRAFICO 2. Atividade enzimatica das cepas de C. albicans
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Graf. 2. Atividade das cepas de C. albicans isoladas de ndo-fumantes (n=11) e fumantes
(n=21). Teste U de Mann-Whitney (p =0.0131).



GRAFICO 3. Distribuicdo dos zimotipos de C. albicans
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Graf. 3. Distribui¢ao dos zimotipos das cepas de C. albicans isoladas de ndo-fumantes (n=11) e

fumantes (n=21).




ANEXO IV - Imagens

FIGURA 1. Halos de digestdo caracteristicos de cada enzima. A- aspartil-protease; B- fosfolipase; C-
condroitinase; D- esterase/lipase e E- hemolisina.



ANEXO V — Termo de aprovagdo do Comité de Etica em Pesquisa da PUCPR

L5 Pontificia Universidade Catdlica do Parana
) =2 Pro-Reitoria Académica e de Pesquisa
Nuicleo de Bioética

Curitiba, 19 de dezembro de 2006.
Of. 658/06/CEP-PUCPR
2%ia solicitada

Ref. “Diferencas nos perfis de viruléncia de cepas de candida ssp.
Isoladas de populagdes de tabagistas e ndo tabagistas”

Prezado (a) Pesquisador (es),

Venho por meio deste informar a Vossa Senhoria que o Comité de Etica em
Pesquisa da PUCPR, no dia 03 de agosto de 2005 aprovou o Projeto
Intitulado “Diferencas nos perfis de viruléncia de cepas de candida ssp.
Isoladas de populagdes de tabagistas e nio tabagistas”, pertencente ao
Grupo Ill, sob o registro no CEP n’ 658, e sera encaminhado a CONEP para o
devido cadastro. Lembro ac senhor (@) pesquisador (a) que & obrigaténo
encaminhar relatdrio anual parcial e relatorio final a este CEP.

Atenciosamente,
Prof* M. Sc Ana #ma Miguez Ribeiro
Coordenadora do Comité de Etica em Pesquisa - PUCPR

lima Sra
Ana Claudia Santos de Azevedo lzidoro

Rian bruculpds Concaicio. 1155 Prado Veihag CEF BIEZ15 B0 Cueltibg Pasand Bia

3 Poaisl 17355 CEP 242 580 Telolaw (41) X327 2200  wevive pscpe b



ANEXO VI — Termo de Consentimento Livre e Esclarecido

TITULO DO PROJETO: DIFERENCAS NOS PERFIS DE VIRULENCIA DE CEPAS DE
CANDIDA spp. ISOLADAS DE POPULACOES DE TABAGISTAS E NAO-TABAGISTAS
Investigador: Cirurgid Dentista Ana Claudia Santos de Azevedo Izidoro

Endereco: Pontificia Universidade Catodlica do Parana — Centro de Ciéncias Bioldgicas e da
Satde — Curso de Odontologia

Rua Imaculada Conceigdo 1155, CEP 80215-901, Curitiba — Parana

Introducao

O pesquisador que conduz este projeto determinou que vocé atende aos requisitos iniciais para a
participagdo no estudo. As informacdes a seguir descrevem o estudo no qual vocé€ terd o papel de
participante. O pesquisador ou membro da equipe explicara os procedimentos e respondera a qualquer
pergunta que vocé possa ter sobre este termo de consentimento informado e/ou sobre o estudo. Leia
cuidadosamente este documento e ndo hesite em fazer perguntas sobre o objetivo do estudo ou sobre as
informagdes fornecidas abaixo que vocé ndo compreenda. Nenhuma garantia pode ser feita quanto aos

resultados do estudo.

Finalidade do estudo

A Candida albicans ¢ um microorganismo que pode estar presente na mucosa bucal, na saliva ou
ainda dentro de bolsas periodontais ao redor dos dentes de individuos com periodontite. Entretanto ndo se
sabe ao certo a viruléncia desse microorganismo em pacientes fumantes e ndo-fumantes. O presente
estudo tem por objetivo avaliar a produgdo de enzimas produzidas por este microorganismo e se
microorganismos que estdo presentes em pacientes fumantes t€ém a mesma viruléncia dos encontrados em

pacientes ndo fumantes.

Descricio do estudo e procedimentos
Sera preenchida uma ficha padronizada contendo dados pessoais, informagoes sobre o estado de

saude geral, tabagismo, tempo transcorrido apds o tltimo tratamento odontoldgico e uso de medicagdes.

Riscos e beneficios

De acordo com a metodologia exposta anteriormente acreditamos que o exame empregado neste
estudo ndo seja capaz de produzir qualquer dano ou risco aos pacientes examinados. A coleta de saliva e
de material na mucosa jugal ndo causa nenhum desconforto.

Receberei esclarecimentos sobre o que ¢ candidose e como tratd-la e orientagdes sobre higiene

bucal.



Perguntas relacionadas a este estudo
Vocé tem o direito de fazer perguntas com relagdo a este estudo a qualquer momento. Caso tenha
novas perguntas, vocé podera entrar em contato com Ana Claudia Santos de Azevedo Izidoro, no telefone

041-3274-5066.

Participacio voluntaria e direito de recusa/afastamento
Sua participacdo neste estudo ¢ voluntaria e ndo remunerada. Vocé podera se recusar a participar
ou podera descontinuar sua participagdo a qualquer momento durante o estudo, sem penalidades ou perda

de beneficios.

Confidencialidade

Os registros de sua participagdo neste estudo serdo mantidos em confidéncia, de acordo com as leis
municipais, estaduais e federais. O pesquisador ¢ o Comité de Etica em Pesquisa da Pontificia
Universidade Catolica do Parana (CEP-PUCPR) poderao inspecionar e ter acesso aos dados confidenciais
que o identificam pelo nome. O CEP é um comité que revisa os estudos para ajudar a assegurar que os
direitos e o bem-estar dos pacientes e voluntarios sejam protegidos e que o estudo seja conduzido
eticamente. Qualquer publicacdo dos dados ndo o identificard. Assinando este formulario de
consentimento, vocé autoriza o pesquisador a utilizar os dados, sem, contudo citar o seu nome.

Eu, , fui informado (a) dos

objetivos especificos desta pesquisa, de forma clara e detalhada. Recebi informagdes especificas sobre
cada procedimento no qual estarei envolvido, dos desconfortos, tanto quanto dos beneficios esperados.
Todas as minhas duvidas foram respondidas com clareza e sei que poderei solicitar novos esclarecimentos
a qualquer momento. Além disso, sei que novas informag¢des obtidas durante o estudo, me serdo
fornecidas e que terei liberdade de retirar meu consentimento de participacdo na pesquisa, se assim o
desejar.

Fui informado que caso existam danos a minha saude, causados diretamente pela pesquisa, terei direito a
tratamento médico e indenizagdo conforme estabelece a lei. Também sei que, caso existam gastos
adicionais, estes serdo absorvidos pelo or¢camento da pesquisa. Autorizo a liberagdo dos registros
médicos/odontologicos ao pesquisador e ao Comité de Etica em Pesquisa da Pontificia Universidade

Catolica do Parana (CEP-PUCPR). Declaro ainda que recebi copia do presente Termo de Consentimento

Assinatura da paciente Nome (Local, Data ¢ Hora)

Assinatura do pesquisador Nome (Local, Data e Hora)

Este formulario foi lido para (nome do paciente) em
|/ /__ _pelo (nome do pesquisador) enquanto eu estava
presente.

Assinatura da testemunha Nome
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SCOPFE

Applied and Evvirowmental Microbislogy (AEM) pub-
lishes descriptions of all aspects of applied microbial
rescarch, basic rescarch on microbial ccology, and re-
search of a genetic and molecular nature that focuses on
microbial topics of practical value, Research must address
salicnt microbiclogical prnciples, fundamental microbial
processes, of basic questions i applied or emvironmental
microbiclogy. Topics that are considered indude microbi-
ology in relation to foods, agriculiure, mdustry, biotechnol-
ogy, public health, plants, and invertebrates and basic bio-
logical properties of bacteria, fungi, algae, protozoa, and
other simple eukaryotic organisms as related to micro-
bial ecology. Manuscripts should report new and signif-
icant findings that advance the understanding of micro-
biology and upon which other scientists may build.

The microbial ecology section covers a wide range of
topics on the ecology of microcrganisms, including cul-
turc-independent molecular assessments that provide
new insights on (i) the structure-function relationships
of microorganisms, (i) the impact of in situ_ conditicrs
on cornmunity structure, and (i) the effect of changes in
microbial community composition on ccosystem func-
tion. Archival phylogenetic snapshots that do not provide
such insights are not acceptable for publication in AEM.

The plant microbislegy scction covers manuscripts
dealing with all aspects of plant-microorganism interac-
tions, including symbiotic and rhizosphere bacteria and
phytopathogenic microorganisms,

Mew microbiclogical methods must provide novel av-
enues to address fundamental biological questions and
will be considered for publication in AEM when accom-
panicd by a demonstrated application. Descnptions of
the application of previously described technologies, in-
cluding the cloning, amplification, and expression of
“foreign™ genes, to a new genus or species of microbe
will generally not be considered for independent publi-
cation. Manuscripts that describe the construction of
engincered strains for innovaiive process application,
development, or enhancement must present results to
authenticate the utlity, superiority, and umqueness of
such strains.

Manuscnpts submitted to the mycelogy scction should
be clearly of a microbiological nature and may deal with
basic biology, biochemistry, genetics, or physiology of
fungi, molds, yeasts, or algae. Papers dealing purely with
taxonomy or phylogeny, with fungal or algal structure, or
with metabolism/alteration of metabolitestoxins by ani-
mal, plant, or inscct cells, tissues, or organisms are not
suitable. Documentation of the distribution/occurrence
of toxins or metabolites in natural samples (foods, cere-

* Shading indicates material that has been added or significantly
updated.

als, grains, soils, etc.) is suitable if the work includes
studies invalving the isolation, ccourrence, or enumera-
tion of the responsible microbes in these samples. The
chemical or bicchemical clucidation of metabolite or
tooun structures is suitable if the work includes aspects of
the enzymology or biceynthesis of these compounds.

Invertebrate microbiology manuscripts should address
interactions between imvertebrates and microorganisms,
ranging from commensalism and mutualism to parasit-
ism and pathogenicity. Manuscripts describing work deal-
ing with the metabolites or toxins from animal, plant, or
insect cells or the physiology of such cells are not suit-
able for AEM unless it affects a microbial community or
individual microorganisms.

ASM publishes a number of different journals cover-
ing various aspects of the field of microbiclogy. Each
joumal has a preseribed scope which must be considered
in determining the most appropriate joumal for each
manuscript. The following guide lines may be of asgstance.

(1) AEM will consider manuscripts describing propertics
of cnzymes and proteins that are produced by cither wild-
type or genetically engineered microcrganisms and that are
significant or have potential significance m industrial or
crvironmental settings. Studies dealing with basic hiologi-
cal phenomena of enzymes or proteins or in which enzymes
have been used in investigations of basic biological fune-
tions are more appropriate for the Jowmal of Bacrarialogy.

{11} AEM will consider papers which describe the use
of antimicrobial agents as tools for elucidating aspects
of applied and environmental microbiology. Other pa-
pers dealing with antimicrobial agents, including manu-
scripts dealing with the bicsynthesis and metabolism of
such agents, are more appropriate for Adwrimicrobial
Agenis and Chermothierapy.

{1ii) Papers on the biclogy of bacteriophages and other
viruses are more appropriate for the Joumal of Virology
or the Jaumal of Bactenology. AEM does, however, con-
sider manuscripts dealing with viruses n relation to en-
vironmental, public health, or industrial microbiclogy.

{iv) Manuscripts dealing with the immune system or
with topics of basic medical mterest or oral microbiology
are more approprate for fecrion and fmmemiy. Re-
ports of clinical investigations and environmental bicl-
ogy applied to hospitals should be submitted to the Joer-
ral of Clinical Micrebislogy.

(v} AEM and Eukaryoric Cell (EC) acce pt manuscripts
on population dynamics and the ecology of eukaryotic
microbes. Studies of microbial communities and of mi-
crobial populations with identified economic or ecolog-
ical sigmficance, eg., plant pathogens or symbionts, are
usually more appropriate for AEM. Studies of single
species of cukaryotes, especially “model” organisms or
those without identified economic or ecological impor-
tance, are usually more appropriate for EC.

(1) Manuscripts dealing with the purification and char-
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actenzation of enzymes or cloning of gencs that have
already been extensively described for other organiems
will be considered for publication cnly if they affer ex-
perimentally supported new insights into the biolog-
cal rale, properties, or applications of these enzymes.
Descriptions of genes or enzymes that differ only in
minar ways from the prototypes are not suitable for AEM.

To best serve its readership, the joumal must accept onby
those papers that are mest significant to the field of applied
and envirommental microbiclogy. Thus, the editors will re-
ject manuscripts that, while scientifically sound, represent
only incremental extensions of other studies, are mainby
confirmatory, or do not pursue a question i sufficient
depth.

Cuestions about these guidelines may be directed to
the editor in chief of the journal being considered.

If transfer to another ASM journal 1s recommen ded
by am editor, the corresponding author will be contacted.

Mate that a manuscript rejected by one ASM jeurnal
on scientific greunds or on the hasis of its general suit-
ahility for pablication is considered rejected by all sther
ASM jomrnals.

EIMTORIAL POLICY

Use of Microbislegical Information

The Council Policy Committes (CPC) of the Ameri-
can Society for Microbiclogy affirms the long-standing
position of the Society that microbiologists will work for
the proper and beneficent application of science and will
call to the attention of the public or the appropriate
authonitics misuses of microbiology or of information
derived from microbiology. ASM members are obligated
to discourage amy use of microbiclogy contrary to the
welfare of humankind, including the use of microbes as
biolegical weapons. Bioterronsm violates the fundamen-
tal principles expressed in the Code of Ethics of the
Society and is abhorrent to ASM and its members,

ASM recognizes that there are valid concerns regard-
ing the publication of information in sclientific journals
thateould be put to nappropriate use asdescribed in the
CPC resclution mentioned above. Members of the ASM
Publications Board will evaluate the rare manuscript
that might raise such issues during the review process.
Heowever, as indicated elsewhere in these Instructions,
research articles must contain sufficient detail, and ma-
terialinformation must be made available, to permit the
work to be repeated by others. Supply of materials
should be in accordance with laws and regulations gov-
erning the shipment, transfer, possession, and use of
biological materials and must be for legitimate, bona fide
research needs. Links to, and information regarding,
these laws and regulations can be found at hittp:wew
asm.orgPalicyindexasp.

General Requirements

Manuscnpis submitted to the journal must represent
reports of ariginal research, and the onginal data must

AFPL BExvizos hICROEIOL.

be available for review by the editor if necessary.

All apthors of a manuscript must have agreed to its
submission and are responsible for its content (initial
submission and any subsequent versions), including ap-
propriate citations and acknowledgments, and must alsa
have agreed that the corresponding author has the
authority to act on their behalf in all matters pertain-
ing to publication of the manuscript. The corresponding
author is responsible for obtaining such agreements and
for informing the coauthors of the manuscript’s status
throughout the submission, review, and publication pro-
cess. For Authors’ Corrections and Fetractions, signed
letters of agreement from all of the authors must be
submitted (see p. 120,

By submission of a manuscript to the journal, the
authors guarantee that they have the authority to
publish the work and that the manuscript, or one with
substantially the same content, was mot published
previonsly, is not being considered or poblished else-
where, and was nst rejected on scientific groands by
another ASM jonrmal.

It i= expected that the avthors will provide written
assurance that permission to cite unpublished data or
personal communications has been granted.

By publishing in the journal, the authors agree that any
DMAs, viruses, micrebial strains, mutant animal strains,
cell lines, antibedies, and similar materials newly de-
seribedd in the article are available from a national collec-
tiom or will be made available in a timely fashisn, at rea-
sonable cost, and im limited quantities to members of the
scientific community for moncommercial purpeses. The
authors guarantee that they have the authority to comply
with this palicy either directly er by means of material
transfer agreements throogh the swner.

Similarly, the authors agree to make available computer
pragrams, eriginating in the anthors’ labsratery, that are
the only means of confirming the conclusions reported in
the article but that are not available commercially. The
pragramis) and switable docomentatien regarding its
{their) use may be provided by any of the following means:
(i} as a program transmitted via the Internet, (i) as an
Internet server-based teol, or (i) as a compiled or assem-
bled form on a smitable medium (e.g.. magnetic or optical).
It is expected that the material will be provided in a timely
fashien and at reasonable cost te members of the scientific
comempnity fer noncommercial purpeses. The authors
cuarantee that they have the authority te comply with this
palicy either directly or by means of material transfer
agreements threngh the owner.

Primary Poblication

A scientific paper or its substance published in a serial,
periadical, book, conference report, symposium pro-
ceeding, or techmcal bulletin, posted on a nonpersonal
website, or made available through any other retricvable
source, ncluding CO-ROM and other electronic forms,
is unacceptable for submission o0 an ASM journal on
grounds of prior publication.



Posting of a method/protocal on a nonpersonal web-
site should not interfere with the author's ability to have
a manuscript utilizing that technique considered for pub-
lication in an ASM journal; however, ultimately, it is an
editorial decision whether the method constitutes the
substance of a paper.

Posting of a limited amount of original data on a
personal/university'compamy website or websites of
small collaborative groups working on a problem docs
not preclude subsequent submission to, and publication
by, an ASM journal. The posted data, however, may
not constitute the substance of the submission. Specific
questions about this policy may be referred to the Pub-
lications Board chaimman on a case-by-case basis, Post-
ing of theses and dissertations on a personaljuniversity-
hested website does not preclude subsequent submission
to, and publication by, an ASM journal.

Posting of unpublished sequence data on the Intemet
is usually not considered prior publication; however, the
address (URL) of the source of the sequence should be
inclided in the text.

Preliminary disclosures of rescarch findings webcast
as meeting presentations or published in abstract form
as adjuncts to a meeting, e.g., part of a program, are not
considered prior publication.

It is incumbent upon the author to acknowledge amy
prior publication, including his own articles, of the data
contained in a manuscript submitted to an ASM joumal.
A copy of the relevant work should be submitted with
the paper as supporting material.

Ultimately, it is an editorial decision whether the ma-
terial constitutes the substance of a paper.

Permissions

The carresponding author is responsible for obtaining
permission from both the original author and the ongi-
nal publizher (iLe., the copynght owner) to reproduce
or modify Aigures (including maps) and tables and to
reproduce text (in whole or in part) from previous pub-
lications.

The criginal signed permissionis) must be submitted
directly to the editor, outside the Rapid Review system,
no later than the modification stage and should be iden-
tified as to the relevant item in the ASM manuscript
{e.g. “permissions for Fig. 1 in AEMO0123-067), In ad-
dition, a statement indicating that the matenial is being
reprinted with permission must be included in the rele-
vant figure legend or table footnote of the manuscript.
Reprinted text must be enclosed in quotation marks, and
the permission statement must be included as running
text or indicated parenthetically.

For supplemental material intended for posting by
ASM (sce p. 53, if the authors of the AEM manuscript
are not also the owner of the supplemental matenal, the
corresponding author most send to ASM signed permis-
sion from the copyright owner that allows posting of the
material, as a supplement to the article, by ASM. The
corresponding author is also responsible for incorporat-
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ing in the supplemental material any copyright notices
required by the owner.

Authorship

Am author is one who made a substantial contribution
to the overall design and execution of the experiments;
therefore, ASM considers all authors responsible for
the entire paper. Individuals who provided assistance,
e.g., supplied strains or reagents or criiqued the paper,
need not be listed as authors but may be recognized in
the Acknowledgments section.

Astudy group, survelllance team, working group, con-
sartium, or the like {eg., the Active Bactenial Core Sur-
veillance Team) may be listed as a coauthor i the byline
if its contributing members satisfy the requirements for
authorship and accountability as descnbed in these In-
structions. The names (and institutional affiliations if
desired ) of the contnbuting members only may be given
in a footnote keyved to the study group name in the byline
or as a separate paragraph in the Acknowledoments
section.

If the contributing members of the group asociated
with the work do not fulfill the critenia of substantial
contnbution to and responsibility for the paper, the
group may not be listed in the author byline. Instead, it
and the names of its contributing members may be listed
in the Acknowledgments section.

All authors must agree to the arder in which their names
are listed in the byline. Statements regarding equal con-
tributions by two or more authors (eg., X.J. and Y.5.
contnbuted equally to . . ) are permmitted as footnotes to
bylines. Other statements of attribution may be included
in the Acknowledgments section.

A change in authership {order of listing or ad dition or
deletion of a name) after submissisn of the manuscript
will be implemented only after receipt of signed state-
ments of agreement from all parties involved. Disputes
about authorship may delay review and/or publication of
the manuscript.

Conflict of Interest

All authors are expected to disclose, in the manuscript
submittal letter, any commercial affiliations as well as
consultancies, stock or equity interests, and patent-licens-
ing arrangements that could be considered to pose a
conflict of interest regarding the submitted article. (In-
clusion of a company name in the author address lines of
the manuscript does not constitute disclosure.) Details
of the disclosure to the editor will remain confidential.
However, it is the responsibility of authors to provide, in
the Acknowledgments section, a gemersl statement dis-
closing financial or other relationships that are relevant
to the study. Examples of potentially conflicting interests
that should be disclosed include relationships that might
detract from an author's objectivity in presentation of
study results, and interests whose value would be en-
hanced by the results presented. All funding sources far
the project, instituticnal and corporate, should be cred-



4 2006 AEM INSTEUCTIONS TO AUTHORS

ited in the Acknowledgments section, as described be-
lovwe, In addition, if a manuscript concerns a commercial
product, the manufacturers name must be indicated in
the Matenals and Methods section or elsewhere in the
text, as appropriate, in an cbvious manner.

Copyright

To maimtain and protect the Society’s ownership and
rights and to continue to afford scientists the opportunity
to publish in high-quality journals, ASM requires the
correspanding author to sign a copyright transter agree-
ment on behalf of all the authors. This agreement is sent
to the corresponding author when the manuscript is ac-
cepted and scheduled for publication. Unless this agree-
ment & cxeouted (withow chmges andlor addends), ASM
will not publish the manuscnpt.

In the copynght transfer agreement signed by an au-
thor, ASM grants to that author (and coauthors) the
right to republish discrere portions of his (their) article in
amy other publication (print, CD-ROM, and other elec-
tromic forms) of which he is (they are) the authoris) or
editor(s), on the condifion ikat appropriaie credit is @ven
te rhe orignel ASM publicarion. This republication right
also extends to posting on a host computer to which
there is access via the Internet. Except as indicated be-
lowe, significant portions of the article may kot be reprint-
wd/posted without ASM's prior written permission, how-
ever, as this would constitute duplicate publication.

Authors may post their own published articles on their
personal or universiy-hosied (but not corporate, govern-
ment, or similar) websites without ASM’s prior written
permission provided that appropriate credit is given (Le.,
cither the copyright lines shown on the top of the first
page of the PDF version or “Copyright © American So-
ciety for Micrabiology, [insert joumal name, volome mom-
ber, page numbers, and year]” for the HTML version).

The copyright transfer agreement asks that authors
who were 1.8, Government employees and who wrote
the article as part of their employment dutics be identi-
fied. This is becanse works authored solely by such 1.5,
Government employees are not subject to copynght pro-
tection, so there is no copyright to be transferred. The
other provisions of the copynght transfer agreement,
such as author representations of onginality and anthor-
ity to enter into the agreement, apply to U.S. Govern-
ment employees-authors as well as to other authors.

Copyright for supplemental material (see p. 5) re-
mains with the author, but a license permitting the post-
ing by ASM will be sent, along with the article copyright
transfer agreement, to the corresponding author for
signing at the acceptance stage. (If the author of the
article is not also the copyright cwner of the supplemen-
tal material, the corresponding author must send to
ASM signed permission from the cwner that allows post-
ing of the material, as a supplement to the article, by
ASM. The corresponding author is alsa responsible for
incorporating into the supplemental matenial any copy-
right notices required by the owner.)
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ASM also requires that copyright transfer agreements
b signed for cover arwork/photographs.

Fanding Agency Repesitories

The Mational Institutes of Health (MIH) requests that
its grantee and intramural authors provide copies of
their accepted manmuscripts to Pubbed Central (PMC)
for posting in the PMC Public Access Repository. ASM
allows such AEM authors to do so. ASM also allows
AEM authors whose work was supported by similar
funding agencies that have public access requirements
like those of NIH (eg., the Wellocome Trust) to post
their accepted manuscripts in publicly accesible elec-
tromic repositories maintained by those funding agen-
cies. If a funding agency does not itself maintain such a
site, then ASM allows the author to fulfill that require-
ment by depositing the manuscript (mot the typeset ar-
ticle) in an appropnate insbtutional or subject-based
open repository cstablished by a government or non-
commercial entity.

Smce ASM makes the final, typeset articles from its
primary-rescarch journals available free of charge on the
ASM Journals and PMC websites 6 months after final
publication, ASM recommends that when submitting the
accepted manuscript to PMC or similar public access
site, the author specify that the pesting release date for
the manvscript be no earlier than & months after pub-
lication of the typeset article by ASM.

Use of Human Subjects ar Animals in Research

The use of human subjects or other animals for re-
search purposes is regulated by the federal government
and individual mnstitutions. Manuscnpts containing n-
formation related to human or animal use should clearly
state that the research has complied with all relevant
federal guidelines and instituticnal policies. Copies of
these guidelines and policy statements must be available
for review by the editor if necessary.

Mucleotide and Amine Acid Sequences

It is expected that newly determined nucleotide and/
or amino acid sequence data will be depesited and Gen-
Bank/EMBL/DDBI accession numbers will be included
in the manuscript no later than the modification stage of
the review process. It is also expected that the sequence
data will be released to the public no later than the
publication date of the article. The accession mumbers
should be included in aseparate paragraph at the end of
the Matenals and Methods section for long-form papers
or at the end of the text for short-form papers. If con-
clusions in a manuscript are based on the analysis of
sequences and a GenBank/EMEBL/DDET accession num-
ber 15 not provided at the time of the review, authors
should promde the sequence data as supplemental ma-
terial.

It 15 expected that, when previcusly published se-
quence acoession numbers are cited inoa manuscript,
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the criginal citations (c.g., journal articles) will be in-
cluded in the References section when possible or rea-
sonable.

Authors are also expected o do elementary scarches
and comparsons of nucleotide and amino acid sequences
against the sequences in standard databases (e.g., Gen-
Bank) immediately before manuscripts are submitted
and again at the proof stage.

Amnalyses should specify the database, and the date of
each analysis should be indicated in the format MBMYY.
If relevant, the version of the saftware used should be
specifiod,

See p. 14 for nucleic acid sequence formatting instroc-
tions.

The UFLs of the databases mentioned above are &=
follows: DMA Data Bank of Japan (DDET), hitpywew
ddbjmig.acip; EMBL Mucleotide Sequence Submission
(EMEL), http:iwww.ebiacuk and GenBank, Maticnal
Center for Biotechnology Information (GenBank),
http:www nchinlm.mib.goy,

Structural Determinations

It is expected that coordinates for new structures of
macromolecules will be deposited in the Protein Data
Bank and that assigned identification codes will be in-
cluded in the manuscript no later than the modification
stage of the review process. It is also expected that the
coordinates will be released to the public no later than
the publication date of the article. Authors are encour-
aged to send coordinates with their ariginal submission,
however, so that reviewers can examine them along with
the mamuscript. The accession number(s) should be
listed in a scparate paragraph at the end of the Matenals
and Methods section for full-length papers or at the end
of the text for shart-form papers.

The URLs for coordinate deposition are http://pdb
rutgers.edu and http:/pdbdepproteinosaka-wac)p.

Microarray Data

It is expected that the entire set of supporting mi-
croarray data will be deposited in the appropnate public
database (e.g., GEO, ArrayExpress, or CIBEX) and that
the assigned accession mumber(s) will be included in the
manuscript no later than the modification stage of the
review process, It is also expected that the data will be
released to the public no later than 6 months after pub-
lication of the typeset article. Authors are encouraged to
send the relevant data with their original submission,
however, so that reviewers can examine them along with
the mamuscript. The accession number(s) should be
listed in a separate paragraph at the end of the Materials
and Methods section for full-length papers or at the end
of the text for short-form papers.

The URLs of the databases mentioned above are as
follows: Gene Expression Omnibus (GEC), httperew
nehinlmnih goviges; ArrayExpress, http:fwww.ebiac.uk
farrayexpress, and Center for Information Biology Gene
Expression Database (CIBEX), httpe/abexnig.acjp.
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Calture Deposition

AEM expects authors to deposit important strains in
publicly accessible culture callections and to refer tothe
collections and strain mumbers in the text. Since the
authenticity of subcultures of culture collechion speci-
mens that are distributed by individuals cannot be en-
sured, authors should indicate laboratory strain des-
ignations and donor senrces as well as original culture
collection identification numbers.

Supplemental Material

Supplemental material intended for posting by ASM
may not include additional Agures or tables that simply
support the authors’ conclusions. It must be restricted to
large or complex data sets or results that cannot be
readily displayed in printed form because of space or
techmical limitations, Such material may include data
from microarray, structural, biochemical, or video imag-
ing analyses. In such cases, the manuscript submitted for
review should include a distillation of the results so that
the principal conclusions are fully supported withowt
referral to the supplemental material,

Supplemental material intended for posting by ASM
must be uploaded in Rapid Review and will be reviewed
alomg with the manuscnpt. The decision to publish (Le.,
post online only) the matenal with the article if 1t is
accepted will be made by the editor and conveyed tothe
corresponding author in the acceptance e-mail. Mote,
therefore, 1t 15 possible that an arbicle will be accepted
but that the supplemental material will not be.

If the software required for users to view/use the sup-
plemental material is not embedded in the file, you are
urged to use shareware or generally availablejeasity ac-
cessible programs.

Unlike the article, supplemental matenal will not be
edited by the ASM Joumals staff and proofs will not be
made avallable.

Supplemental material will always remain associated
with its article and is not subject to any modifications
after publication.

Matenial that has been published previously (print or
online’ i1s not acceptable for posting as supplemental
data. Instead, the appropnate referenceis) to the ongi-
nal publication should be made in the article text.

Copyright for the supplemental material remains with
the author, but a license permitting the posting by ASM
will be sent, along with the article copynght transfer
agreement, to the corresponding author for sigming. If
you are not the copyright owner, you must provide to
ASM signed permission from the owner that allows post-
ing of the matenial, as a supplement to your article, by
ASM. You are responsible for ncluding in the supple-
mental material any copyright notices required by the
OWIICT.

A ome-time charge (amoonnt not yet determined) may
be levied for posting of supplemental material. When
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imstituted, the charze will be indicated in the ASM ac-
ceptance letter.

Compliance

Failure to comply with the policies described in these
Instructions may result in a letter of reprimand, a sus-
pension of publishing privileges in ASM journals, and/or
notification of the authors” institutions.

‘Warranties and Exclusions

Acticles published in this journal represent the opin-
ions of the authors and do not necessarily represent the
opinicns of ASM. ASM does not warrant the fitness or
suitability, for any purpose. of any methodology, kit,
prosfuct, or device described or identified in an article.
The use of wrade names is for identification purposes
only and does not constitute endorsement by ASM.

Page Charges

Authors whose research was supported by grants, spe-
cial funds (including departmental and institutional ), or
contracts (including governmental) or whose research
was done as part of their official duties (government,
corporate, cte.) are required to pay page charges.

For a corresponding author who is an ASM member,
page charges are currently 363 per page for the first six
pages and 5200 per page for cach page in excess of s
{subject to change without notice). To obtain the mem-
ber rate, the comesponding euwkor must be an ASM
miember.

For a nonmember corresponding author, page charges
are currently 373 per page for the first six pages and $230
for each page in excess of s, A comesponding author
whois not an ASM member may join ASM to obtain the
member rate.

If the research was not supported by any of the means
descnbed abowve, a request to waive the charges may be
malled (Journals Department, ASM, 1752 M St, NW.,
Washington, DC 20036-2004, USA) or faxed (202042
9235) to the Journals Department. This request must
indicate how the work was supported and should be
accompanied by copies of the title page and Acknowl-
cdgments section.

Minireviews, Mecting Reviews, Guest Commentaries,
and Comment Letters to the Editor are not subject to page
charges.

Editerial Style

The editorial style of ASM journals conforms to the
ASM Seyle Manual for Jowmels (American Socicty for
Microbiology, 2006, mn-house document) and How To
Wiite ard Publish a Scienific Paper, 5th ed. { Oryx Press,
1993}, as interpreted and modified by the editors and the
ASM Journals Department.

The editors and the Journals Deparment reserve the
privilege of editing manuscripts to conform with the

AFFL BNVIRON, MICROEIOL.

stylistic conventions set forth in the aforesaid publica-
tions and in these Instructions.

Review Process

All manuscripts are considered to be confidental and
are reviewed by the editors, members of the editoral
board, or qualified ad hoc reviewers. To expedite the
review process, authors should recommend at least two
reviewers who are not members of their institutionis)
and have never been associated with them or their labo-
ratory(ics); please provide their contact information
where indicated on the submission form.

Copies af iv-press and swbrmitted meriscnps that are
inpovtani for judgmenr of the present marvuscnp should
be included as supporting material to facilitate the review.

When a manuscript i submitted to the journal, it &
given a number {e.g., AEMO0047-06 version 1) and as-
signed to one of the editors. (Always refer to this num-
ber in communications with the editor and the Jonrnals
Department.) Ji is the responsibility of the comesponding
aiifior i inform the coruthors of the MaRusCoRpEs Starus
throughed the submission, review, and pablicaiion pro-
cesses. The reviewers operate under strict guidelines set
forth in “Guidelines for Reviewers™ (httpe 'www journals
asm.orgmiscreviewsuide shimly and are expected to
complete their reviews expeditiously.

The comresponding author i= notified, generally within
4 to 6 weeks after submission, of the editor's decision to
accept, reject, or requite modification. When modification
is requested, the corresponding author must either subrmit
the modified version within 2 months ar withdraw the
mamscript. A point-by-point response to the reviews must
be provided in the Febuttal section of the Rapid Review
submission form for the revised manuscrpt, and a compare
copy of the mamuscrpt (without figures) should be in-
cluded & supporting matenal if the editor requested cne.

Manuscripts that have been rejected, or withdrawn
after being returned for modification, may be resubmit-
ted if the major criticisms have been addressed. (Note: A
manascript rejected by one ASM jommal on scientific
groonds or om the hasis of its gemeral suitability for
publicatien is censidered rejected by all other ASM
jomrnals.y The cover letter must state that the mamu-
script is a resubmission, and the fermer mamnscrips num-
ber shoudd be provided in the appropriate field on the
submission form. A point-by-peint response o the re-
views and a compare copy of the revised manuscript show-
ing the changes must be included as supporting material
{the Rebuttal section appears in the submission form cnly
if the manuscript is a modification). Resubmitted manu-
scripts are normally handed by the original editor.

Rejected manuscripts may be resmbmitted only once
onless permission has been obtained from the eriginal
editer or from the editor in chief.

Matification of Acceptance

When an editor has decided that a manuscnpt is ac-
ceptable for publication on the basis of scientific merit,
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the author and the Joumals Department are notified.
The text files undergn an automated preediting, cleanup,
and tagging process specific to the particular article type,
and the illustrations are examined. If all files have been
prepared according to the cnteria set forth in these
Instructions and those in Rapid Review, the acceptance
procedure will be completed successfully. If there are
problems that would canse extensive corrections to be
made at the copyediting stage or o the files are not
acceptable for production, ASM Journals staff will con-
tact the corresponding authar.

Once all the material intended for publication has
been determined to be adequate, the manuscript is
scheduled for the next available issue and an acceptance
letter indicating the month of publication, approximate
page procf dates, and table of contents section 1s mailed
tor the corresponding author; a copyright transfer agree-
ment is alsoincluded, as is a license to permit posting of
supplemental matenal (if applicable). The editorial staff
of the ASM Journals Department completes the editing
of the manuscript to bring it nto conformity with pre-

scribed standards,

PFage Proofs

Page proofs, together with a query sheet and instroc-
tions for handling proofs, will be made avalable to the
corresponding author electronically via a PDF file that
can be accessed through a unique password. Since cor-
responding authors will be notified of the availability of
their PDF proofs, instructed how 1o access information
about page changes, reprints, and color figure charges (if
applicable), and assigned their unique password via o-
mail, an e-mail address must be supplied in the corre-
spondent footnate. Failure to doso may result in a delay
in publication. The PIXF page presfs must be primted
ont, and corrections must he written on the hard copy.
Quenies must be answered on the query page or on a
separate sheet of paper, and any changes related to the
queries must be indicated on the proofs. Mote that the
copy editor does not query at every instance where a
change has been made. Queries are written only o re-
quest necessary information or clarification of an un-
clear passage or to draw attention to edits that may have
altered the sense. It is the author's responsibility to read
the entire text, tables, and figure legends, not just items
queried. As soon as the page proofs are corrected and
signed by the person who proofread them (within 48 h),
they should be mailed or sent by a courier service such
as FedEx, net faxed or sent as an e-mail attachment, to
the ASM Journals Department.

The proot stage is not the time to make extensive
corrections, additions, or deletions. Important new in-
formation that has become available between accep-
tance of the manuscript and receipt of the proofs may be
inserted as an addendum in procf with the permission of
the editor. If references to unpublished data or personal
commumcations are added, it is expected that written
assurance granting permission for the citation will be
incloded. Limit changes to correction of spelling errors,
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incorrect data, and grammatical errors and wpdated in-
formation for references to articles that have been sub-
mitted or are in press. If URLs have been provided in
the article, recheck the sites to ensure that the addresses
are stll accurate and the material that you expect the
reader to find is indeed there.

Questions about fare proafs and problems in the proofs
should be directed to the ASM Journals Department
{telephone, 202-942-9219), Questions about sccessing or
viewmng veur PDF proofs should be directed to Katie Gay
of Cadmus Professional Communications at 804-261-
3155 or gayki@cadmus.con.

Reprints

Eeprnts { in multiples of 100 may be purchased by all
coauthors. In the proof notification e-mail, the corre-
sponding author will be mstructed how to access infor-
mation about reprints.

The corresponding authors of Minireviews, Mecting
Reviews, and Guest Comm entaries will receive 100 free
reprints of their contribution; additional reprints (in
multiples of 100) may be purchased o desired. As for
regular articles, the corresponding author will be n-
structed, in the proof notification e-mail, how to access
information about reprints.

PFIN Files

A corresponding author who has included an e-mail
address m his “corresponding author” footnote will have
limited access (10 downloads, total) to the PDF file of
his published article. An e-mail alert will automatically
be sent to him on the day the issue is posted. It will
provide a URL, which will be required to obtain access,
and instructions. An article may be viewed, printed, or
stored, provided that it is for the authors cwn use.

Should coauthors or colleagnes be interested in view-
ing the paper for their own use, the corresponding au-
thor may provide them with the URL; a copy of the
article may not be forwarded electronically, However,
they must be made aware of the terms and conditions of
the ASM copynght. (For detaik, go to hitp:/fsw journals
asm.orgmisc/terms.shtml.) Mote that each such down-
load will count terward the comesponding author's total
of 10. After 10 downloads, access will be denied and can
be obtained only through a subscription to the journal
{either individual or instituticnal) or after the standard
access control has been lifted (i, 6 months after pub-
lication).

HOW TOr SUBMIT MAMUSCRIFTS

All submissions to AEM must be made electronically
via the Rapid Review online submission and peer review
systemn at the following URL: www.rapidreview.com
MASM2 fauthar. himl. (E-mailed submissions will not be
accepted.) First-time users must create an Author ac-
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count, which may be used for submitting to all ASM
journals. Instructions for creating an Author account
are available at the abowve URL under the Create
Account button. The person from whose account a
submission 15 made will be recorded as the corre-
sponding author, and any correspondence will be sent
to the e-mail address in that account. Step-by-step
instructions for submitting a manuscript via Rapid
Review are avallable from the account holder’s My
Manuscripts page. Information on file types accept-
able for electronic submission can be found under the
More About File Formats button.

ORGANIZATION AMD FORMAT

On receipt ab ASM, an accepted manuscript under-
goes an antomated preediting, cleanup, and tagging pro-
cess specific to the particular article type. To optimize
this process, manuscripts must be supplied in the correct
format and with the appropnate sections and headings.

Type every portion of the manuscript double spaced
{a minimum of 6 mm between lines), including figure
legends, table footmotes, and References, and number
all pages in sequence, including the abstract, figure leg-
ends, and tables. Place the last two items after the Ref-
erences section. Manuscript pages sheuld have line
numbers manuscripts withewt line numbers may be
editerially rejected by the editor, with a suggestion of
resubmission after line numbers are added. The font
size should be no smaller than 12 points. It is recom-
mended that the following sets of characters be easily
ditinguishable in the manuscript: the numeral zero (0)
and the letter “ah™ (07 the numeral one (1), the letter
“el” (1), and the letter “eye™ (1); and a multiplication sign
() and the letter “ex” (x). Do not create symbols as
graphics or use special fonts that are external to your
word processing program; use the “insert symbol™ func-
tion. Set the page size to 543 by 11 inches (ca. 216 by 28
cm). Italicize or undedine any words that should appear
in wtalics, and indicate paragraph lead-ins in bold type.

Authors who are unsure of proper English usage
should have their manuscripts checked by someone pro-
ficient in the English language.

Manuscripts may be editorially rejected, witheut re-
view, on the basis of poor English or lack of conformity
to the standards set forth in these Instructions

Manuscript Submissisn Checklist:

* Double space all text, including references and fig-
ure legends

+ Mumber pages

* Mumber lines

» Present statistical treatment of data where appro-
priate

» Format references in ASM style

+ Indicate joumal section for manuscript publication

* Provide accession numbers for all sequences or se-

AFPL. ExviRow, MICRoBIOL,

quence alignments important for evaluation of the
manuscript as supplemental material or make the
material available on a website for access by the
editor and reviewers

» Confirm that genetic and chemical nomenclature
conforms to instructions

# Include as supporting material in-press and submit-
ted manuscnpts that are important for judgment of
the present manuscript

Lang-Form Papers

Long-form papers should include the elements de-
scribed in this section.

Title, runming title, and byline. Each manuscript
should present the results of an independent, cohesive
study; thus, numbered senes titles are not permitted.
Exercise care in composing a main title. Avoid the main
title/subtitle arrangement, complete sentences, and un-
necessary articles. On the ttle page, include the title,
runming title (not to exceed 54 characters and spaces),
name of each author, address{es) of the institutioni s) at
which the work was performed, each author’s affiliation,
and a footnote indicating the present address of any
author no longer at the irstitution where the work was
performed. Place an asterisk after the name of the au-
thor to whom inquines regarding the paper should be
directed (see “Carrespondent footnote™ below).

Sty growmp in bylime. A study group, surveillance
team, working group, consortium, or the like (eg., the
Active Bacterial Core Surveillance Team) may be listed
as a coauthor in the byline if its contributing members
satisfy the requirements for authorship and accountabil-
ity as described in these Instructions. The names (and
institutional afhhations if desired) of the contributing
members may be given in a footnote keyed to the study
group name in the byline or as a separate paragraph in
Acknowledgments.

If the comtributing members of the group asociated
with the work do not fulfill the eriteria of substantial
contobution to and responsibility for the paper, the
group may not be listed m the author byline. Instead, it
and the names of its contributing members may be listed
in the Acknowledgments section.

Correspondent fostnote. The complete mailing address,
a single telephone number, a single fax number, and a
single e-mail address for the comesponding author
should be included on the title page of the manuscript.
This information will be published in the article as a
foatnote to facilitate communication, and the e-mail ad-
dress will be used to notify the corresponding author of
avalability of procfs and, later, of the PDF file of the
published article.

Abstract. Limit the abstract to 25% words er fewer and
concisely summanze the basic content of the paper with-



oul presenting extensive experimental details, Avoid ab-
breviatiors and references, and do notinclude diagrams.
When it is cssential to include a reference, use the same
format as shown for the References section but omit the
article title. Because the abstract will be published sep-
arately by abstracting services, it must be complete and
understandable without reference to the text.

Intreduction. The introduction should supply suffi-
cient background nformation to allow the reader to
understand and evaluate the results of the present study
without referring to previous publications on the topic.
The introduc ion should also provide the hypothesis that
was addressed ar the rationale for the present study. Use
only those references required to provide the most =a-
lient background rather than an exhaustive review of the
toipic.

Materials and Methods. The Matenals and Methods
section should include sufficient technical information to
allow the experiments to be repeated. When centrifuga-
tion conditions are critical, give enough information to
enable another investigator to repeat the procedure:
make of centrifuge, model of rotor, temperature, time at
maximum speed, and centrifugal force (= g rather than
revolutions per minute). For commonly used materials
and methods (e.g., media and protein concentration de-
terminations), a simple reference is sufficient. If several
alternative methods are commonly used, it is helpful to
identify the method bricfly as well as to cite the refer-
ence. For example, it is preferable to state “cells were
broken by ultrasonic treatment as previously described
(%) rather than to state “cells were broken as previoushy
descnbed (9)." The reader should be allowed to assess
the method without constant reference to previous pub-
lications, Describe new methods completely, and give
sources of unusual chemicals, equipment, or microbial
strains. When large numbers of microbial strains or mo-
tants are used in a study, include tables identifying the
immediate sources (Le., sources from whom the strains
were obtained) and propertics of the strains, mutants,
bacteriophages, plasmids, ete.

A method, strain, etc, wsed n only one of several
experiments reported in the paper may be described in
the Resulissection or very briefly (one or nevosentences)
in a table footnote or figure legend. It s expected that
the sources from whom the strains were obtained will be
identificd.

Results. In the Results section, include only the re-
sults of the experiments; reserve extensive mterpretation
of the results for the Discussion section. Present the
results as concisely as possible in one of the following:
text, tableis), or figure(s). Avoid extensive use of graphs
to present data that might be more concisely presented
in the text or tables. For example, except in unusual
cases, double-reciprocal plots used to determine appar-
ent K_ values should not be presented as graphs; in-
stead, the values should be stated in the text. Similady,
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graphs illustrating other methods commeonly used to de-
rive kinetic or physical constants (e.g., reduced-viscosity
plots and plots used to determine sedimentation veloc-
ity need not be shown except in wnusval circumstances.
Limit photographs (particularly photomicrographs and
electron micrographs) to those that are absclutely nec-
essary to show the experimental findings. Mumber fig-
ures and tablesin the order in which they are cited in the
text, and be sure to cite all figures and tables.

Discossion. The Discussion should provide an inter-
pretation of the results in relation to previously pub-
lished work and to the experimental system at hand and
should not contain extensive repetition of the Results
section or reiteration of the introduction. In short pa-
pers, the Results and Discussion sections may be com-
bined.

Acknowledgments. The source of any financial sup-
port recerved for the work being published must be in-
dicated in the Acknowledgments section. (It will be as-
sumed that the absence of such an acknowledgment is a
statement by the authors that no sapport was recened.)
Theusual format is as follows: “This work was supported
by Public Health Service grant CA-01234 from the Ma-
tional Cancer Institute.”

Recognition of personal asistance should be given as
a separate paragraph, as should any statements disclaim-
ing endorsement or approval of the views reflected in the
paper or of a product menticned therein,

Appendixes. Appendines, which contain additional
material to aid the reader, are permitted. Titles, authors,
and References sections that are distinet from these of
the primary article are not allowed. If itis not feasible to
list the authoris) of the appendix in the byline or the
Acknowledgments section of the primary article, rewrite
the appendix so that it can be considered for publication
as an independent article, either long-form or short-
form style. Equations, tables, and figures should be la-
beled with the letter “A™ preceding the numeral to dis-
tinguish them from those cited in the main body of the
text.

References. (i) Works listed in References. The Ref-
erences section must include all journal articles (both
pont and cnline), books and book chapters (both print
and online), patents, theses and dissertations, and pub-
lished conference proceedings (not abstracts; see be-
lowe), as well as in-press journal articles, book chapters,
and books (publication title must be given). Arrange the
citations in alphabetical order (letter by letter, ignoring
spaccs and punctuation) by first author and nomber
consecotively. Provide the names of all the authors for
cach reference. All listed references mast be cited par-
enthetically by number in the text. Since title and byline
information that is dewnloaded from PubMed does not
show accents, italics, or special characters, authors
should refer to the PDF files or hard-copy versions of



10 2006 AEM INSTRUCTIONS TO AUTHORS

the articles and incorporate the necessary corrections in
the submitted manuscript. Abbreviate journal names ac-
cording to BIOSIS Senial Sources (BIOSIS, Philadelphia,
Fa., 2005).

Follow the styles shown in the examples below.

Privt veferences:

1. Arendsen, A. F., M. Q. Solimar, and 5. W, Ragsdale.
1999, Mitrate-dependent regulation of acetate biosyn-
thesis and nitrate respiration by Clesmidiem thermo-
acericeam. J. Bacteriol. 181:1489-1495.

. Cox, C. 5, B. K. Brown, and J. C. Smith. J. Gen.
Genet., in press.® {drmicle wile is oprional; journal tide
i memdarory.}

3. da Costa, M. 5., M. F. Nobre, and F. A, Rainey. 2001,
Genus 1. Thermas Brock and Freeze 1969, 20500
emend. Mobre, Triper and da Costa 19696h, 603, p.
404414, Is D. R, Boone, R. W. Castenholz, and
G, M. Garnty (ed.), Bergey's manual of systematic
bactericlogy, 2nd ed., vol. 1. Springer, Mew York,
M.Y.

4. Elder, B. Lo and 5 E. Sharp. 2003, Cumitech 39,
Competency assessment i the chinical laboratory.
Coordinating ed., 5. E. Sharp. ASM Press, Washing-
tom, DuC.

5. Fitzgerald, G, and Ih Shaw. In A. E. Waters (ed.),
Climical microbiclogy, in press. EFH Publishing Co.,
Boston, Mass.* {Chapeer title is oprional }

fi. Forman, M. 5. and A. Valsamakis. 2003, Specimen
collection, transport, and processing: wrology, p.
1227-1241. fm P. K. Murray, E. I. Baron, M. A.
Pfaller, J. H. Jorgensen, and R. H. Yolken (ed.),
Manual of clinical microbiology, Sth ed. ASM Press,
Washingtan, DLC

7. Green, P. Mo Ik Hood, and C. 5. Dow, 1964, Taxo-
nomic status of some methylotrophic bactena, p. 251-
254, In R. L. Crawford and R. 5. Hanson (ed.), Mi-
crobial growth on Oy compounds. Proceedings of the
4th International Symposium. American Society for
Microbiclogy, Washington, DUC,

&, Odell, J. C. April 1970, Process for batch cultunng.
LS. patent 454,363,770, {fechide the warne of the
paieried wem/process if possibiz. |

0. O"Malley, [ R 1998, Ph.D. thesis. University of Cal-
ifornia, Los Angeles. { Tirk is optional |

[ =]

* A reference to an m-press ASM publication should state
the contral mumbser {eg., AEMOGSTI06) if it is a joumal
article or the name of the publication if it is a book.

Oniine references:

1. Charier, I, and M. Glansdorfl. September 2004,
posting  date. Biosynthesis of arginine and poly-
amines. fn B. Curtiss 101 et al. {ed.), EcoSal—Esch-
enichia coli and Salmonella: cellular and molecular
biology, chapter 3.6.1.10. [Cnline. ] httpefoww ecosal
worg. ASM Press, Washington, DnC. {For anline-only
books or contimially updated Web resources [for the

AFPL. ExviRow, MICRoBIOL,

latter, posiing ov accession date required, but publisher's
name and focation optional]. }

. Iimick, J. B, H. . Welch, and J. I). Birkmeyer.
18 August 2004, posting {or revision} date. Surgical
mortality as an mdicator of hospital quality. JARMA
292, [Omline.] http:)jama.ama-assn.org'cgicontent
Jshort/292/7/847. { For online joumals; page numbers
may roi be available. |

A Sullivan, C. J. (ed). 19969-2001. Fungl: an evolving
electronic resource for the microbiological cormrmunity.
ASM Press. [Online.] http:ylink.asmusa.de/link
fservice/books 1090, Accessed 7 September 2001
{For online-only books }

4. Zellnitz, F., and P. M. Foley. 2 October 1998, posting
{or revision} date. History of virology, Am. Virol. J.
1:30-30. [Online.] hitpefwww.avphtml. {For onfine-
only joumals; page numbers may woi be available. }

5. Fheng, Z., and J. Zew 5 September 2001, The imitial
step of the ghrcerolipid pathway: identification of ghyc-
erol->phosphate/dibydroxyacetone  phosphate  dual
substrate acyltransterases in Saccharomyces cere-
visiae. J. Biol. Chem. doil0.1074)be M 104749200,
{Far papers published online in manuscript form. }

(]

MOTE: A URL or DO is necessary for each online-only
reference; a posting or accession date is required for any
online reference that 1s periodically updated or changed.

(i) Items cited in the text. References to unpublished
data, articles submitted for publication, meeting ab-
stracts (inchuding those published in journal supple-
ments), personal communications, letters (Irrespective
of type) and authors’ replies to letters, company publi-
cations, patent applications and patents pending, com-
puter software, databases, and websites should be made
parenthetically in the text as follows,

...smilar results (R, B. Layton and C. C. Weathers,
unpublished data).

.. .system was used (7. L. Mclnerney, A. F. Holden, and
P. M. Brighton, submitted for publication).

...in mitochondria (5. De Wit, C. Thioux, and M.
Clumeck, Abstr. 34th Intersol. Conf. Antimicrob. Agents
Chemother., abstr. 114, 1994),

... for other bacteria (A, X. Jones, personal communi-
cation).

... discussed previously (L. B. Jensen, A. M. Ham-
merum, R, L. Poulsen, and H. Westh, Letter, Antimi-
crob. Agents Chemother, 43:724-725, 19005,

... discussed previously (5. L. W. On and P. A K. ¥Van-
damme, Authors” Reply to Letter, J. Chin. Microbiol.
Mp:2T5]1-2752, 2001).

. .. the manufacturer (Sigma manual, Sigma Chemical
Co., 5t. Lowis, Mo,



... this process (V. R, Smioll, 20 June 1999, Australian
Patent Office ). {For mon-LLS. paterr applications, give the
dare of publication of the applicarion. }

.. irformation found at the XYZE website (http:ichs
_iowpgr).

...the ABC program (version 2.2; Department of Mi-
crobiology, State University [httpewew stumicro]).

URLs for companies that preduce any of the products
mentioned in yorr study or for prodects being sold may
NOT be incloded in the article. However, company
URLs that permit access te scientific data related to the
study or to shareware used in the stody are permitted.

Short-Ferm Papers

The short-form format is intended for the presenta-
tion of brief observations that do not warrant full-length
papers. Submit short-form papers in the same way &=
full-length papers. They recaive the same review, they are
noi published wmore rapidly than full-dength papers, and
they are nol comsidered preliminary cormmmunicaiions.

The title, running title (not to exceed 34 characters
and spaces), byline, and comrespondent footnote should
be prepared as for the long-form paper. Each short-form
paper must have an shstract of no mere than 50 wards.
Iro not use section headings in the body of the paper;
combine methods, results, and discussion in a single
section. Paragraph lead-ins are permissible. The text
should be kept to a minimum and, if possible, should not
exveed 1000 words; the number of fisures and tables
should alsa be kept to a minimum. Materials and meth-
ois should be described in the text, net in figore legends
or table footmates. Present acknowledgments as in long-
form papers, but do not use a heading. The References
section is identical to that of long-form papers.

Minireviews

Minireviews are bricf (limit of & printed pages exclo-
sive of references) biographical profiles, historical per-
spectives, or summarics of developments in fast-moving
arcas. They must be based on published articles; they
miay address any subject within the scope of AEM.

Minireviews may be either solicited or proffered by
authors responding to a recognized need. Irrespective of
origin, Minireviews are subject to review and should be
submitted via Rapid Review., The cover letter should
state whether the article was solicited and by whom.

Minireviews do not have abstracts. In the Abstract sec-
tion of the submission form, put “MNot applicable.”™ The
body of the Minireview may either have section headings
or be set up like a short-form paper (see above).

Meeting Reviews

Meeting Reviews are bricf summaries of recent scien-
tific meetings that cover topics within the scope of AEM.
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Reviews should be timely and focus on major themes,
new developments, emerging trends, and significant un-
answered questions presented and  discussed at the
meeting. Sufficient background should be provided to
make the report useful to the general reader. The author
must provide written assurance from the relsvant indi-
viduals that permission to cite their presented material
has been granted.

Meeting Reviews, which may be salicited or proffered
by authors, are subject to editonal review and should be
submitted via Rapid Review.

Guest Commentaries

Guest Commentaries are communications written in
response to imvitations issued by the editors and concern
relevant topics in microbiology that are not necessarily
covered by Mimireviews. They should raise issues of n-
terest to the scholarly community, imitiate or focus dis-
cussion, and propose nesded position or consensus
statements by the Academy of Microbiclogy, the Ma-
tional Academy of Sciences, and other leadership groups
in research and education. Feviews of the literature,
methods and other how-to papers, and responses tar-
geted at a specific published paper are not appropriate.
Guest Commentanes are subject to review,

The length may not exceed 4 printed pages, and the
format is like that of a Minireview (see above). Com-
mentaries should be submitted via Rapid Review.

Letters te the Editor

Letters to the Editor are intended only for comments
on articles published previously in the journal and must
cite published references to suppont the wnter’s argu-
mient.

Letters may be no more than 58 words leng and must
be typed double spaced. Refer to a recently published
Letter for comrect formatting. Mote that awthors and
affiliations are listed at the foot of the Letter. Provide
only the primary affiiation for each author.

All Letters to the Editor must be submitted electron-
ically, and the manuscript type (Comment Letter) must
be selected from the drop-down list in the submission
form. The cover letter should state the volume and issue
in which the article commented on was published, the
title of the article, and the last name of the first author.
In the Abstract section of the submission formy, put “Mot
applicable.” Letters to the Editor do not have abstracts.
The Letter must have a title, which must appear on the
manuscript and on the submission form. Figures and
tables should be kept to a minimum.

The Letter will be sent to the editor who handled the
article in question. If the editor believes that publication
is warranted, he will salicit a reply from the correspond-
ing author of the article and make a recommendation to
the editor in chief. Final approval for publication rests
with the editor in chief.

Please mote that seme indexing'abstracting services
do nat inclode Letters to the Editor in their databases.
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Errata

The Erratum section provides a means of correcting
errars that ocourred during the writing, typing, editing,
or printing (e.g., a misspelling, a dropped word or line,
or mislabeling in a figure) of a published article. Send
Errata directly to the ASM Journals Department (1752
M St., N.W., Washington, DC 20036-2904, USA), bath
on disk and in hard copy (oaly one hard copy is neces-
sary). Please see a recent issue for correct formatting.

Authors® Corrections

The Author's Correction section provides a means of
correcting ermors of omission {e.g., author names or ata-
tiors) and emors of a scientific nature that do not alter the
overall basic results or conclusions of a publehed artide.

For omission of an author's name, the authors of the
article and the author whese name was inadvertenthy
omitted must agree, imwriting, to publication of the Cor-
rection. For other issues involving authorship, including
contributions and use or cwnership of data and/or ma-
terials, all disputing parties must agree, in writing, to
publication of the Correction. Copics of the agreement
letters must accompany the Correction and be sent directhy
to the Journals De partment. Send the Correction both on
disk and in hard copy (only one hard copy is necessary).
Please see a recent issue for correct fermatting.

Comrections of a scientific nature {e.g. an incorrect
unit of measurement or erder of magnitude used through-
out; contarnination of one of numerous cultures; or mes-
identification of a mutant strain, causing erronecous data for
only a portion [noncritical | of the study) must be sent, both
on disk and in hard copy, directly to the editorwho handled
the article and must be accompanied by sigred lea of
agreerment from all of the authors of the artcle. If the editor
believes that publication is warranted, he will send the
Correction to the Journals Department for publication.
Naie thai ihe addition of new daia is not permisied

Retractions

Retractions are reserved for major errors or breaches
of ethics that, for example, may call imto question the
source of the data or the validity of the results and con-
clusions of an article. Send a Retraction and an accom-
panying explanatory letter sigmed by all of the auihors
directly to the editor in chief of the pumal. The editor who
handled the paper and the chairman of the ASM Publica-
ticrs Board will be consulted. If all parties agree to the
publication and comtent of the Retraction, it will be sent to
the Journak Department for publication.

ILLUSTRATIONS AND TABLES

Diigital files that are acceptable for preduction (see
below) must ke provided for all illustrations on return
of the modified manuscript. {Om initial submissien, the
entire paper may be submitted in FDF format.)
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We strongly recommend that befere returning their
misdified manuscripts, authers check the acceptability of
their digital images for preduction by running their files
through Rapid Inspector, a tool provided at the following
URL: hitperapidinspector.cadmuscomymw,. Rapid In-
spector & an cagy-to-use Web-based application that iden-
tifies file characterstics that may render the image unus-
able for production.

Hustrations may be continuous-tone images, line
drawings, or composites. Color graphics may be submit-
ted, but the cost of printing in color must be borne by the
author. Suggestions about how to reduce costs and en-
sure accurate color reproduction are given below,

The preferred format for tables is MS Word; however,
WordPerfect and Acrobat FDF are also acceptable (see
the section on Tables below).

Smce the contents of computer-gencrated images can
be manipulated for better clanty, the Publications Board
atits May 1992 meeting mandated that a description of
the softwarc/hardware used should be put in the figure
legend(s).

Mustrations

File types and formats. As mentioned above, illus-
trations may be supplied as PDF files for reviewing
purposes anly on initial submissien; in fact, we recom-
mend this option to minimize file uplead time. At the
madification stage, preduction quality digital files must
be submitted: TIFF or EPS files from supported appli-
cations or PowerPoint files (black and white only). Ex-
cept for figures produced in PowerPoint, all graphics
submitted with modified manuscripts must be bitmap,
grayscale, or CMYEK (nor RGB). Acceptable file types
and formats for production are given in the charts below.,
More-detailed instructions for preparing illustrations are
avallable on the World Wide Web at httpecjscadmus
com/da. Flease review this information before preparing
your files. If you require additional information, please
send an e-mal inguiry to digitalart@eadmuos.com.

Mlinimum resolution. It is extremely important that a
high enough resolution 15 vsed. Any mported images
must be at the correct resolution before they are placed.
Mote, however, that the higher the resolution, the larger
the file and the longer the upload time. Publication qual-
ity will mor be improved by using a resolution higher than
the minimum. Minimum resolutions are as follows:

300 dpi for grayscale and color

GO0 dpi for lettering

1,200 dpi for line art

600 dpi for combination art (lettering and images )

Size. All graphics MUST be submitted at their in-
temided poblication size; that is, the mmage uploaded
should be 100% of its print dimensions so that no re-
duction or enlargement 1s necessary. Resolution must be
at the required level at the submitted size. Include only
the significant porticn of an illustration. White space



Macintosh
File 1
Applicadon I
Block and whie Caolar (CMYE"

Adobe [ustrator &0, 7.0, &0, EPs EPs

a0, 100, 11.0 C3
Adobe InDlesgn 1.0 EP3 EPs
Adobe Pagehfaker 6.5 EFs EPS
Adobe Photoshop 4.0, 50, 5.5, TIFF TIFF

&0, 7.0, 8.0 G5
Adobe Photoshop 5.0 LE TIFF HiA?
Chem Dt Fro 5.0 EPSTIFF EPSTIFF
Corel Phota-Paint 8.0 TIFF EPs
CorelDBLAW &.0, 80 EPSTIFF EPS
Dieneba Canvas 6.0, 7.0, 80 EPSTIFF EPs
Macromedia FresHard 7.0, 8.0, EP3 EPS

9.0
PowerPoine 98, 2001 PFT* HiA?
Frism 3 by GraphPad TIFF HiA?
Synergy Kaleidagraph 308, 3.51 EP3 HiA*

= Color graphics mist bs saved and printed in the CMYE mods, woe RGE.
FASM aceep only black-and-whits, not color, graphics creaied with Kale-
dageaph, Adiche Fholoshop 50 LE, Pebm 3 by GraphPas, and PowstPoin.
“For imtncrions on saving PowerPolm filss, refer 1o the Cadmus digral an
websivz m hicp iojs.cadmis.com/da'in dex asp.

Windows
File 1
Applicanion i
Black and whit=  Culor [CMYE

Adoke Tustravor 7.0, &0, 2.0, EPS EPs

1040, 11.0C8
Adcbe InDlesign 1.0 EPS EPs
Adche Pageblaker 6.5 EPS EPS
Adohe Phatashop 40, 5.0, 5.5, TIFF TIFF

a0, T0, 5.0 C8
Adcke Phiatashap 50 LE TIEE BiA®
ChemDiraw Pra 50 EPS/TIEF EPSTIEF
Crorel Phota-Paine 2.0, 9.0 TIFF EPs
Core[DFLAW 7.0, 80, 2.0 EPS/TIEF EPs
Dieneba Camvas 6.0, 7.0 EPSTIEF EPs
Macromedia FresHand 7.0, 8.0, EPS EPS

9.0
PowerPoint &7, 2000, XP FPT" HiA’
Prism 3 by GraphPad TIEE BiA’
SigmaPlot 800 EPS EPS

* Color geaphics mist b seeed and prinied in the CMYE mods, v RiGE.
F A% yocepis caly back-and-white, net color, graphics crearsd with Adcbe
Photeshop 5.0 LE, Pism 3 by GraphPad, and PowsPainr.
= For insrmicrions on saving PowerPolm filss, refer 10 the Cadmus digesl am
webglee m1 hipe)\cjs cadmie.zom)a/in dex asp.

must be cropped from the image, and excess space be-
tween panel labek and the image must be eliminated.

Maximum width for a 1-column figure: 34s inches
(ca. 8.4 cm)

Maximum width for a 2-column figure: 6% inches
{ca. 17.4 cm)

Mimimum width for a 2-column fisure: 434 inches
(108 crm)

Maximum height: 9%4e inches (220 cm)

Contrast. Hlustrations must contain sufficient contrast
to withstand the inevitable loss of contrast and detail
inherent in the pnting process, See also the section on
color illustrations below.
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Labeling and assembly. All final lettering, labeling,
toaling, ete., MUST ke incorporated into the figures. It
cannot be added at a later date. If a figure number is
incloded, it must appear well cutside the boundaries of
the image itself. (Numbering may need to be changed at
the copyediting stage.) Each figure must be uploaded as
a separate file, and amy multipanel figures must be as-
sembled into one file; e, rather than uploading a sep-
arate file for each panel in a figure, assemble all panels
in one piece and supply them as one file.

Fonts. To avoid font problems, set all type in one of
the following fonis: Hebvetica, Times Roman, European
PI, Mathematical PI, or Symbol. All fonts other than
these five must be converted to paths {or cutlines) n the
application with which they were created. For font use in
PowerPoint images, refer to the Cadmus digital art web-
site, httpe//cjs.cadmus.com/da.

Compression. Images created with Macintesh appli-
cations may be compressed with Stuffit. Images created
with Windows applications may be compressed with
WIMEZIF or PEZIP.

Color illustrations. Because the process of placing
ink on paper by using printing presses 1= different from
that used to produce a photo pnnt or a laser print and
the color rendition on images viewed on a monitor de-
pends to some extent on monitor resolution, some dif-
ferences in color and contrast between the image you
submit and the image printed in the joumal or published
online will be evident. {Figures showing red or green
flucrescence and those with a significant range of colors
may be diffcult or impessible to reproduce exactly.) Calor
illustrations must be saved as either TIFF ar EPS files,
according to the application wsed (see charts aborre). The
mode of the TIFF or EPS file must be CMYE, nov RGE.
Graphics in the RGE color space are intended for display
on a monitor onby and will not separate comectly for print-
ing.

The cost of prining & colormist be bome By the auihor.
The current color costs may be accessed from the sub-
mission form in Rapid Review and, for accepted mam-
scripts, will be included in the acceptance letter sent ot
by ASM. Adherence to the following guidelines, in ad-
dition to the general ones above, will help to minimize
costs and to ensure color reproduction that is as accurate
as possible.

Include only the significant portions of illustrations so
that the number of printed pages containing color fig-
ures is minimized. The indiidual panels of a single fig-
ure must be assembled n a single file, including any
necessary labels. Optimal color reproduction will be ob-
tained if the composites comprise panels containing sim-
ilar colors of similar lightness or darkness. If necessary,
make unlike pancls into separate figuresfiles; this will
increase the cost, but the color rendition will be more
accurate since the two paneks will be “scanned ™ separately.



14 2006 AEM INSTRUCTIONS TO AUTHORS

Dirawings

Submit graphs, charts, complicated chemical or mathe-
miatical formulas, diagrans, and other drawings as finished
products not requinng additional artwork or typesetting.
Mo part of the graph or drawing may be handwritten. A7
clements, inchuding letters, numbers, and symbals, reis be
easily readable, and both axes of a graph must be labeled.
Keep in mind that the joumal is published both in print and
online and that the same electronic files submitted by the
authors are used to produce both.

When creating line art, please use the following guide-
lines:

1. All art MUST be submitted at its intemded publica-
tion size. For acceptable dimensions, sce the Size
section on p. 12

[ =]

. Avoid using screens (i.e., shading) in line art. It can
be difficult and tme-consuming to reproduce these
images without moiré patterns. Vanous pattern back-
grounds are preferable to screens as long as the pat-
terns are not imported from another application. If
you must use images contaning soreens,

» Generate the image at line screens of 83 lines per
inch or lower.

* When applying multiple shades of gray, differenti-
ate the gray levels by at least 20%.

s Mever use levels of gray below 20% ar above 07
as they will fade out or become totally black upon
scanning and reduction.

-

Use thick, solid lines that are no finer than 1 point in
thickness.

4. Mo type should be smaller than & points at the final
publication size.

L

Avoid layering type directly over shaded or textured
areas.

L=

. Avoid the vse of reversed type (white lettering on a
black background).

7. Avoid heavy letters, which tend to close up, and un-
usual symbols, which the printer may not be able to
reproduce in the legend.

8. I colors are used, avoid using similar shades of the
same color and avoid very light colors.

In figure crdinate and abscissa scales (as well as
table column headings), aveid the ambigusus use of
numbers with exponents. Usually, it is preferable to
use the Systéme International d'Unités (SIg symbols
i for 107% m for 1077 k for 10°, M for 10°, ete.). A
complete listing of SI symbols can be found in the
International Union of Pure and Applicd Chemistry
{IUPAC) “Manual of Symbols and Terminology for
Physicochemical Cuantities and Units™ (Pure Appl.
Chem. 21:3-44, 1970). Thus, a representation of
20,000 cpm on a figure ordinate is to be made by the
number 20 accompanicd by the label kepm.
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When powers of 10 must be used, the joumal requires
that the exponent power be associated with the mumber
shown. In representing 20,000 cells per ml, the numeral
on the ordinate would be “2" and the label would be
“10* cells per ml” (not “cells per ml = 107%7). Likewise,
an enzyme activity of 0,06 U/ml would be shown as 6
accompanied by the label 1077 Uml. The preferred
designation would be 60 mUiml {milliunits per milliliter).

Presentatien of Nocleic Acid Sequences

Mucleic aad sequences of mited length which are the
primary subject of a study may be presented freestyle in the
most effective format. Longer nuclek acid sequences must
be presented as figures in the following farmat to conserve
space. Print the sequence i lines of approsamately 100 to
120 mucleatides in a nonproportional (monospace) font
that is easily legible when publihed with a line length of &
inches (ca. 15.2 cm). If possible, lines of mocleic acid se-
quence should be further subdraded into blocks of 10 or 20
mucleotides by spaces within the sequence or by marks
abowe it. Uppercase and lowercass letters may be used to
designate the exon-intron structure, transcnbed regions,
cte., if the lowercase letters remain legible at a é-inch (ca.
152-cm) line length. Mumber the sequence line by line;
place numerals, representing the first base of each line, o
the left of the lines. Minimize spacing between limes of
sequence, leaving roem only fer annetatiem of the se-
quence. Annotation may include boldface, underlining,
brackets, boxes, etc. Encoded amino acid sequences may
be presented, if necessary, immediately above or below the
first mucleotide of cach codon, by wsng the single-letter
amino acid symbols, Comparisons of multiple nucleic acid
sequences should conform as nearly as possible to the same
format.

Figure Legends

Legends should provide encugh information so that
the figure is understandable without frequent reference
to the text. However, detailed experimental methods
must be described in the Materials and Methods section,
not in a figure legend. A method that is wnique to one of
several expenments may be reported in a legend anly if
the discussion is very brief {one or two sentences). De-
fine all symbols used in the figure and define all abbre-
viations that are not used in the text.

Tables

Tables that contain artwork, chemical structures, or
shading must be submitted &= illustrations in an acceptable
format at the modification stage. The preferred fomat for
regular tables i= MS Word: however, WardPerfect and
Acrcbat PDF are also acceptable. Mote that a straight
Excel file is ot cumently an acceptable format. Excel files
must be either embedded in a Word or WordPerfect doc-
ument or corverted to PDF before being uploaded., If your
misdified manuscript contains PIN tables, select “for re-
viewing purposes only” at the beginning of the file upload

process,
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Tables should be formatted as follows. Arrange the
data so that columns of like material read down, mot
across. The headings should be sufficiently clear so that
the meaning of the data is understandable without ref-
erence to the text. See the Abbreviations section (p. 18)
of these Instructions for those that should be used in
tables. Explanatory footnotes are acceptable, but more
extensive table “legends™ are not. Footnotes should not
inclode detailed descriptions of the experiment. Tables
must include enough information to warrant table for-
mat; those with fewer than six pieces of data will be
incorporated into the text by the copy editor. Table 1 is
an example of a well-constructed table.

TABLE 1. Disiribution of protein and ATPase in
fractiors of dahwed membranss®

ATFure
Membran: Fracion
Lmg of
protein Teal 1
Comtral Diepletsd membrane 003G 23
Corcentratsd supernatant [N ET] 4,82
El treated Diepleted membrane e L.9%
Concentrated supernatant il 4.6

“ Speaflc acciviies of ATPase of nondepleied membranss from concrol and
tezaced baciena wees 0,21 and 0.20, raspeciively.

Cower Photographs and Drawings

AEM publishes photographs and drawings on the
fromt cowver. Inwitations are issued to authors whose
manuscripts are retumed for modification or whose
manuscripts have been accepted for publication in
AEM; material should be related to the work presented
in the AEM manuscnpt. Unsolicited photes will be con-
sidered in hard-copy format (two copies) cnly; if an
unsolicited photo is chosen for the cover, the author may
be asked to submit digital files. Mo matenal submitted
for consideration will be retumed o the author. Authors
will be notified only if their cover art is selected. Copy-
right for the chosen matenial must be transferred to
ASM. A short description of the cover material will be
inchided at the end of the table of contents or the authar
index of the issue. Technical specifications for submis-
sion are available from the cover editor, Matthew E.
Parsck (e-mail: matthew-parsckimmowaedu).

NOMEMCLATURE
Chemical and Eischemical Nomendature

The recognized authonty for the names of chemical
cormpounds is Chenical Absmacts (CAS, Columbus, Ohio)
and its indexes. The Merck fnder, 13th ed. (Merck & Co.,
Inc., Whitchouse Station, M.I, 2001), & also an cxcellent
source, For bicchemical terminology, including abbrevia-
tiors and symbals, consult Bechemical Nomenclanre and
Relmed Documeniz (1978; reprinted for The Biochemical
Society, London, England) and the instructions to au-
thors of the Jowmal of Bislogical Chemismry and the Archives
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of Biockersiry avd Biophwsics (first issues of each year).

Do mot express molecularweight in daltons; molecular
weight is a unitless ratio. Molecular mass is expressed in
daltons.

For enzymes, use the recommended (trrval) name as-
signed by the Momenclature Committes of the Interna-
ticmal Union of Biochemistry (IUB) as described in En-
mwne Nomenclanae (Academic Press, Inc, Mew York
MY, 1992) and at httpiieww.chem.gqmul.acuk/ubmb
Jenzyme’. I a nonrecommended name & used, place the
proper (trivial) name in parentheses at first use in the
abstract and text. Use the EC number when one has been
assigned, and express enzyme activity either n kataks (pre-
ferred) or in the older system of micromoeles per minute,

Memenclature of Microorganisms

Binary names, consisting of a genenc name and a
specific epithet {e.g., Escherichia coXf), must be used for
all microorgamisms, Names of categones at or above the
genus level may be used alone, but specific and subspe-
cific epithets may not. A specific epithet must be pre-
ceded by a generic name, written out i full the first time
itis used in a paper. Thereafter, the generic name should
be abbreviated to the mnitial capital letter (e.g. E col),
provided there can be no confusion with other genera
used in the paper. Mames of all taxa (kingdoms, phyla,
classes, orders, families, genera, species, and subspecies)
are printed in italics and should be underlined (or ital-
icized) in the manuscript; strain designations and num-
bers are not. Vernacular {common) names should be in
lowercase roman type (e.g., streptococcus, brucella). For
Salmonelia, genus, species, and subspecies names should
be rendered in standard form: Safmenells erserica at first
use, 8. enerica thereafier; Safmonells enterica subsp. ani-
zomae at first use, 5. ewerica subsp. anzonae thereafter.
Mames of serovars should be in roman type with the first
letter capitalized: Safmonella entenica serovar Typhi-
muriurm. After the first use, the serovar may also be
given without a species name: Sefmonelle serovar Typhi-
muriurm. For other information regarding serovar desig-
nations, see fdewrificarion ard Serenvping of Salmonela
and m Update of the Kaufmam-White Scheme (AL C.
McWhorter-Murlin and F. W. Hickman-Brenner, Cen-
ters for Disease Control and Prevention, Atlanta, Ga.,
19%4) and Antigeric Formulas of the Salmonella Serovars
(M. Y. Popoff and L. Le Minor, WHO Collaborating
Centre for Reference and Rescarch on Sadmorela, Insttut
Pasteur, Pares, France, 1997). For a summary of the cument
standards for Ssimonefz nomenclature and the Kaof-
mann-White criteria, see the articles by Brenner et al. (I
Clin. Microbiol. 38:2465-2467, 2000) and McOuiston ot al.
(1. Clin. Microbiol. 42:1923-1932, 2004,

The spelling of bacterial names should follow the
Approved Lisis of Bacterial Names (Amended) & Mmdex
of ike Bacierial end Yeast Nomenclatural Changes
(V. B. I Skerman et al. ed., ASM Press, Washington,
D.C., 1929) and the validation lists and notification
lists published in the Mrernarional Joumal of Sysemn-
atic ard Evolunionary Microbiology (formerly the Incer-
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narional Jowrnal of Systemaric Bacieriology) since Jan-
uary 1989, In addition, two sites on the World Wide
Web list current approved bacterial names: Bacte-
rial Momenclature Up-to-Date (http:www.dsmz.de
/microorganisms,/main.php?contentleft_id=14% and
List of Prokaryotic Mames with Standing in Momencla-
ture (http:iwww bacteno.cict.fri. I there is reason to use a
name that does not have standing in nomenclature, the
name should be enclosed in quotation marks in the title
and at its first use in the abstract and the text and an
appropriate statement concerning the nomenclatural
status of the name should be made in the text, “Condli-
datus” species should always be set in quotation marks.

For guidelines regarding new names and descriptions
of mew genera and species, see the articles by Tindall
{Int. J. Syst. Bacteriol. 49:1306-1312, 1999) and Stack-
ehrandt et al. (Int. J. Syst. Evol. Microbiol, 52:1043—
1047, 2002). To validate new names and/or combina-
tions, authors must submit three copics of their
published article to the miemational Jovaral of Sysiern-
aiic and Evolutionary Microbislogy.

It is recommended that a strain be deposited in at least
two recognized culture collections in different countries
when that strain 15 necessary for the descnption of & new
tawon  Int. J. Syst. Evol. Microbiol, $:2230-2244, 2000},

Smce the classification of fungi is not complete, it 1s
the responsibility of the author to determine the ac-
cepted binomial for a given organism. Sources for these
names mclude The Yeass ¢ Tavenonsc Sndy, 4th ed.
{C. P. Kurtzman and J. W. Fell, ed., Elsevier Science
Publishers BV, Amsterdam, The Metherlands, 1998),
and Aimsworth avd Bisky'’s Dictionary of the Fungi, 9th ed.
(P. M. Kirk, P. F. Cannon, 1. C. David, and J. A. Stalp-
ers, ed., CABI Publishing, Wallingford, Osfordshire,
United Kingdom, 2001).

Mames used for viruses should be those approved by
the International Committes on Taxonomy of Viruses
(ICTV) and published in Vires Tavonorgy: Classification
anvd Nomewclanre of Vinuses, Sevenith Repowt of the Irser-
national Corniriee on Taroromy of Virmses (M. H. V.
van Regenmortel et al., ed,, Academic Press, San Diego,
Calif., 2000). In addition, the recommendations of the
ICTV regarding the use of species names should gener-
ally be followed: when the entire species is discussed as
a taxomormic entity, the species name, like other taxa, is
italic and has the first letter and any proper nouns cap-
italized (e.g., Tobacco mosac vins, Murrey Valey enceph-
alitis virus). When the behavior or manipulation of indpad-
val viruses is discussed, the wernacular (e.g. tobacco
mosk virus, Murray Valley encephalitis virus) should be
used. If desired, srnomyms may be added parenthetically
when the name is first mentioned. Approved generic (or
group) and family names may also be used.

Miroorganisms, viruses, and plasmids should be gre-
en designations consisting of letters and serial numbers.
It is generally advisable to include a worker's initials ar
a descriptive symbol of locale, laboratory, et in the des-
ignation. Each new strain, mutant, isclate, or denvative
should be given a new (serial) designation. This desig-
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naticn should be distinet from those of the genotype and
phenotype, and genotypic and phenotypic symbals should
not be included. Plasmids are named with a lowercase
“p” followed by the designation in uppercase letters and
numbers. To avoid the use of the same designation as
that of a widely used strain or plasmid, check the desig-
nation against a publication database such as Medline.

Genetic Momenclature

To facilitate accurate communication, it is important
that standard genetic nomenclature be nsed whenever
possible and that deviations or proposals for new nam-
ing systems be endarsed by an appropriate authoritative
body. Review and/or publication of submitted manu-
scripts that comtain new or nonstandard nomenclature
may be delayed by the editor or the Journals Depart-
ment so that they may be reviewed by the Genetics and
Genomics Committee of the ASM Publications Board.

Before submission of manuscnpts, authors may direct
questions on genetic nomenclature to the committee’s
chairman: Maria Costanzo (e-mail: mariaimgenome
stanford.edu). Such a consultation should be mentioned
in the manuscript submission letter.

Bacteria. The genetic properties of bacteria are de-
seribedin terms of phenotypes and genotypes. The pheno-
type describes the observable propentics of an crganism.
The genotype refers 1o the genetic constitution of an or-
ganism, usually in reference to some standard wild type.
The guidelines that follow are based on the recommen-
dations of Diemerec et al. { Genelics 5451-T6, 1966},

(1) Phenotypic designations must be used when mu-
tant loci have not been identified or mapped. They can
also be used to identify the protein product of a gene,
e.g., the OmpA protein. Phenotypic designations gener-
ally consist of three-letter symbols; these are wor itali-
cized, and the first letter of the symbol is capitalized. It
i= preferable to use Roman or Arabic numerals (instead
of letters) to identify a series of related phenotbypes.
Thus, a serics of nucleic acid polymerase mutants might
be designated Poll, Pol2, Pold, ete. Wild-type character-
istics can be designated with a superscript plus (Pal™),
and, when necessary for clanty, negative superscripts
{Pol ™) can be used to designate mutant characteristics.
Lowercase superscript letters may be used to further
delincate phenotypes ic.g., Str* for streptommycin resis-
tance). Phenotypic designabions should be defined.

(1) Genotypic designations are also indicated by
three-letter locus symbals. In contrast to phenotypic des-
ignations, these are lowercase ialic (e.g., ang his rps). If
several locl govern related functions, these are distin-
puished by talicized capital letters following the locus
symbal (e.g., amd sraB amC). Promoter, temminator, and
operator sites should be indicated as descnbed by Bach-
mann and Low (Microbiol. Fev. 44:1-56, 1980, e.g.,
TecZp, krcdt, and lacZo.

(1L} WJJd-r_'.rpc alleles are indicated with a superscript
plus (are™ kis™). A superscript minus is not used to
indicate a mutant locus; thus, one refers to an ara mo-
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tant rather than an are” strain.

(v} Mutation sites are designated by placing serial
isolation numbers (allele numbers) after the locus
symbol {e.g., aredl arad 2y, If it is not known in which
of several related loci the mutation has occurred, a
hyphen is used instead of the capital letter ic.g., ara-
230, It is essential in papers reporting the isolation of
new mutants that allele numbers be given to the mu-
tations. For Escherichia coli, there is a registry of such
numbers: E coli Genetic Stock Center, Department of
Biology, Yale University, Mew Haven, CT 063511-3188.
For the genus Saimorelia, the registry is Sebnenells Ge-
netic Stock Center, Department of Biology, University
of Calgary, Calgary, Alberta T2M 1N4, Canada. For the
genus Bacillus, the regstry B Becdfus Genetic Stock Cen-
ter, Ohio State University, Columbus, OH 43210,

(v The use of superscripts with genotypes {other than
+ to indicate wild-type alleles) should be avoided. Dies-
ignations indicating amber mutations (Am), temperature-
sensitive mutations (Ts), constitutive mutations (Con),
cold-sensitive mutations (Cs), production of a bybrid pro-
tein (Hyb), and other important phenotypic propertics
should follow the allele number [e.g., arad230Am)
Fis21(T=)]. All other such designations of phenotype
must be defined at the first oocurrence. If superscnpts
rwist be used, they must be approved by the editor and
defined at the first occurrence in the text.

Subscnpts may be used in two situations. Subscripts
may be used to distingush between genes (having the
same name) from different organisms or strains, e.g.,
Fisg o ©F hisy > for the kis genes of E coli or strain
K-12 in another species or strain, respectively. An abbre-
viation may also be used if it is explained. Similarly, a
subscript 15 also used to distinguish between genetic ele-
ments that have the s=ame name. For example, the pro-
moters of the gin operon can be designated giodp, and
gindp,. This form departs slightly from that recom-
mended by Bachmann and Low (e.g., desClp).

(vi) Deletions are indicated by the symbol A placed
before the deleted gene or region, e.g., Aand432, Alaroel-
acel W9, or Akis(dfeed hisl his2) 1256, Similarly, other
symbols can be used (with appropriate definition). Thus,
a fusion of the @m and fac operons can be shown as
Piara-lac s, Likewise, $aral’ JacZ " )96 indicates that
the fusion resulls in a truncated sre® gene fused to an
intact lacZ gene, and $imalE-dacZ)97(Hyb) shows that
a hybrid protein is synthesized. An inversion is shown as
IM{mnD- rmE )], Aninsertion of an E. coli kis gene into
plasmid pSCLOL at zero kilobases (0 kb) is shown as
pSC101 i0kboE-12RisBW,. An alternative designation
of an insertion can be used in simple cases, e.g., geiT238
=Tns. The number 236 refers to the locus of the inser-
tion, and if the strain carnes an additional g mutation,
it is histed scparately. Additional examples, which utilize
a slightly different format, can be found in the papers by
Campbell et al. and Movick et al. cited below. It is im-
portant in reporting the construction of strairs in which
a mobile element was inserted and subsequently deleted
that this fact be noted in the strain table. This can be done
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by listing the genotype of the strain used as an interme-
diate in a table footnote or by making a direct or paren-
thetical remark in the genotype, e.g.. (F ), AMu cis, ar
ma=AMu ct=lec, In setting parenthetical remarks within
the senotype or dividing the genctype into comstituent
clements, parentheses and brackets are used without spe-
cial meaning; brackets are used outside parentheses. To in-
dicate the presence of an episcme, parentheses (or brack-
ets) are used (», F7 ). Reference to an integrated episome
is indicated as desoribed above for irserted elements, and
an exogenote is shown as, for example, W3110/F S(gal ™).

For nformation about the symbols o current use,
consult Berlyn (Microbiol. Mol. Biol. Rev. 62814934,
19938) for E. coli E-12, Sanderson and Roth { Microbiol.
Rev. 52:485-532, 19858) for Sabmeonells serovar Typhi-
murium, Holloway et al. (Microbiol. Rev. 4%73-102, 1979)
for the genus Prewdorsenaes, Piggot and Hoch { Microbiol.
Rev. 49:158-179, 1983} for Becilkes subilis, Perkins et al.
{Microbiol, Rev, 46:426-570, 1982) for Newrospora crassa,
and Mortimer and Schild (Microbiol. Rev. 49:181-21%,
1925 for Saccharormyces cerevisiae. For yeasts, Chlamyda-
mcwias spp., and several fungal specics, symbals such as
those given in the Hawdbook of Microbiofay (A, 1. Laskin
and H. A. Lechevalier, ed, CRC Press, Inc, Ceveland,
Chio, 1974) should be wsed.

Conventions for naming genes. It 1s recommended
that { entirely) new genes be given names that are mne-
monkcs of their function, avoiding names that are already
assigned and earlier or alternative gene names, irrespective
of the bacterium for which such assignments have been
made. Similarly, it is recommended that, whenever pos-
sible, homologous genes present in different organsms
receive the same name. When homaology 15 not apparent
or the function of a new gene has not been established,
a provisional name may be given by one of the following
methods, (1) The gene may be named on the basis of 1ts
map location in the style yaad, analogous to the style
used for recording transposon insertions (zef) as dis-
cussed below. A st of such names in use for E coli has
been published by Rudd { Microbiol. Mol Biol. Rev, 62:
0E5-1019, 1998), (i) A provisional name may be given in
the style desaribed by Demerec et al. (e.g., wsg, gene up-
stream of fbC). Such names should be unigue, and names
such as onf or genX should not be wsed. For reference, the
E. cali Genetic Stock Center's database includes an up-
dated listing of E. colf gene names and gene products. [tis
accessible on the Internet (hitp:/fegscbiologyyale.edu
Jegse hitmly. The Center's relational database can also be
searched via Telnet; for access, send a request to berdyn
imegse.binlogy yale.edu. A list can also be found in the
wirk of Riley (Microbiol. Rev, 57:862-932, 1993). For the
genes of other bacteria, consult the references grren above.

“Mutant™ versus “mutation.”” Keep in mind the dis-
tinction bebwesn a mueation (an alteration of the primary
sequence of the genetic material) and a msgane (a strain
Carrying one of more mutations ). One may speak about the
mapping of a mutation, but cne cannol map a mutant.
Likewise, a mutant has no genetic locus, onby a phenobype.
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“Homology™ versus “similarity.” For use of terms
that describe relationships between genes, consult the
articles by Theissen (Mature 415741, 2002) and Fitch
(Trends Genet. 16:227-231, 2000). “Homology™ implics
a relationship between genes that share a common evo-
lutionary orngin; partial homology 5 not recognized.
When sequence comparisons are discussed, it s more
appropriate to use the term “percent sequence similar-
ity™ or “percent sequence identity,” as appropriate.

Strain designations. Do not use a genotype as a name
(e.g., “subsequent use of lewCs for transduction™). If a
strain designation has not been chosen, select an appro-
prate word combination (e.g., “another strain contain-
ing the lewC6 mutation™).

“Matural” versus “artificial™ transformation. Natural
transformation is a process whereby the recipient cell
has the inherent capacity to take up and integrate exog-
enons DMA into its genome. As such, natural transfor-
mation is part of the biclogy of the recipient cell line and
should not be confused with processes through which
integration of DMNA is forced upon recipient cells.

Viruses, The genetic nomenclature for viruses differs
from that for bacteria. In mest instances, vimses have no
phenotype, snce they have no metabolism outside host
cells. Therefore, distinctions between phenotype and ge-
notype cannot be made, Superscrpts are used to indicate
hybnd genomes. Genetic symbols may be one, two, or
three letters. For example, a mutant strain of & might be
designated & damll iw2 redl 14 cI857; this strain camics
mutaticns in genes ¢1, &, and red and an amber-suppress-
ible {am) mutation in gene 4. A strain designated & ai
™ would represent a hybrid of phage h which camies
the immumity region (gvem) of phage 21 and the attachment
(i) region of phage 434, Host DMA Insertions into viruses
should be delineated by square brackets, and the genetic
gymbaols and deggnations for such inserted DMA should
conform to those used for the host genome. Genetic sym-
bols for phage b can be found in reports by Szybalsk and
Seybakki (Gene 7:217-270, 1979) and Echols and Muri-
aldo (Microbiol. Rev, 42:377-391, 1975).

Eukarystes. For information about the genetic nomen-
clature of eukaryotes, see the Ingtmctions to Authors for
Enkaryoife Cell and Molecilar and Celhilar Biology.

Transpssahle elements, plasmids, and restriction en-
ymes. Momenclature of transposable elements (inser-
tion sequences, transposons, phage Mu, etc.) should fol-
lowe the recommendations of Camphell et al. (Gene 5:
197-206, 197%), with the modifications given in section v
abiwe. The Internet site where insertion sequences of eu-
bacteria and archaca are described and new sequences
can be recorded is http:iwww-E.biotoulfrEhiml.

The system of designating transposon msertions at sites
where there are no known locy, e.g., zgf-F23:Tn3, has been
described by Chumley et al. (Genetics #1:639-635, 1979).
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The nomenclature recommendations of Novick et al. { Bac-
terial. Fev, dikles-139, 1976) for plasmids and plasmid-
specified activities, of Low (Bacteriol. Rev, 36537607,
1972) for F' factors, and of Roberts et al. (Nuclex Aads
Res. 3:1805-1812, 203} for restniction enzymes, DA
methyltransferases, homing endonud cases, and their genes
should be used when possible. The nomenclature for re-
combinant DA molecules corstructed invitro follows the
nomenclatur e for insertions in general. DNA inserted into
recombinant DMA molecules should be described by using
the gene symbols and conventions for the organism from
which the DNA was obtained.

Tetracycline resistance determinants. The nomencla-
ture for tetracycline resistance determinants is based on
the propesal of Levy et al. { Antimicrob. Agents Chemo-
ther. 43:1523-1524, 15959). The style for such determinants
i5, e.g., Tet B; the space helps distinguish the determinant
designation from that for phenotypes and proteins (TetB).
The above-referenced article shows the correct format
for genes, proteins, and determinants in this family.

ABBREVIATIONS AND CONVENTIONS
Verh Tense

ASM strongly recommends that for clarity you use the
past tense to narrate particular events in the past, in-
cluding the procedures, observations, and data of the
study that you are reporting. Use the present terse for
your own general conclusions, the conclusions of previ-
ous rescarchers, and generally accepled facts. Thus, most
of the abstract, Matenals and Methods, and Results will
be in the past tense, and most of the introduction and
same of the Discussion will be in the present tense.

Be aware that it may be necessary tovary the tense in
a single sentence. For example, it is comect to say “White
{30 demonstrated that XYZ cells grow at pH 6.5, “Fig-
ure 2 shows that ABC cells failed to grow at room tem-
perature,” and “Air was removed from the chamber
and the mice died, which proves that mice regudre air.”
In reporting statistics and calculations, it is correct to
say “The wvalues for the ABC cells are statistically
significant, indicating that the drug inhibited. .. 7

For an in-depth discussion of tense n scientihc writ-
ing, sec p. 207-209 in How To Wite and Publish a Sci-
eniific Paper, 5th ed.

Abbreviations

General. Abbreviations should be used as an aid to
the reader rather than as a comvenicnce to the author,
and therefore their use should be limited. Abbreviations
other than those recommended by the IUPAC-TUB ( Bio-
cherscal Nomenclanire and Related Docnens, 1978)
should be used only when a case can be made for ne-
cessity, such as in tables and figures.

It is often possible to use pronouns or to paraphrass a
long word after its first use (e.g., “the drug™ or “the sub-
strate™). Standard chemical symbaols and trivial names or
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their symbals (folate, Ala, Lew, etc.) may also be used.

It is stromgly recommended that all abbreviations ex-
cept those listed below be introduced in the first para-
graph in Materials and Methods, Alternatively, define
cach abbreviation and introduce it in parentheses the
first time it is used; e.g., “cultures were grown in Eagle
minimal essential medium (MEM).” Generally, elimi-
nate abbreviations that are not used at least three times in
the text {including tables and figure legends).

Mat requiring intreduction. In addition to abbrevia-
tiors for Systéme International d'Unités (51 units of mea-
suremnent, other commeon units (e.g., bp, kb, and Da), and
chemical symbals for the elements, the following should be
used without definition in the ttle, abstract, text, figure
legends, and tables: DNA (decyribonucleic acid)y; cDMA
{complementary DAY, RMA (rbonuclek acid); cRMNA
{complementary RMAY EMase (nbonuclease); DiNase
{decogribomuclease); rRMA (nbosomal RMA); mEMNA
(messenger RMA); tRMA (transfer EMA); AMP, ADP,
ATP, dAMP, ddATP, GTF, cte. (for the respective 5
phosphates of adenceine and other mucleosides ) (add 2'-,
3., or 5'- when needed for contrast); ATPase, dGTPase,
cte. (adencsine triphosphat ase, deoxyguanosine triphospha-
tase, ete.); MAD (neotnamide ademine dinucleotide);
MAD® (nicotinamide adenine dinuclectide, omdized);
MADH inkotnamide adenine dinuclectide, reduced);
MADP (nicotinamide adenine dinucleotide phosphate);
MADFH (nicotimamide adenine dinucleotide phosphate,
reduced); MADP" (nicotinamide adenine dinucleotide
phosphate, cxidized); pobalAd, poba dT), ete. (pobradermylic
acid, pobydecosthymidylic acid, ete); oligo(dT), eto. (oli-
podecogythymidylic acd, ete); UV (ulraviclety, FPFU
{plague-forming units); CFLU {colomy-forming units); MIC
{mimmmal mhibitery concentration); Tres  [trs( hydrogy-
methyjaminomethane];  DEAE  (diethdaminoethyl);
EDTA (ethylenediaminetetraacetic addy EGTA [sthyl-
ene  glwokbis B-aminoethy  cther)-N WV N -tetraacetic
acid];, HEPES (&-2-ydroogyethylpiperazine-&' -2 thane-
sulfomic acid); PCR (polymerase cham reaction); and
AIDS (acquired immunodeficiency smdrome ). Abbrevia-
ticrs for cell lines (e.g., Hela) also need not be defined.

The following abbreviations should be used without
definition in tables:

SE i{standard srrar)

SEM (sandard error of the
mean)

sp act (specific ackivity

sp gr (specific graviey)

ternp |bemperature)

amt {amount

approx | approximatehyy
avg (average)

concn {concentration)
diar {diameter)

expl (experiment i

expl [experimentali Ir |trace)

ht i height vol {volume)
mo {mnoth) T | VETEUS)
mol wi {molecular weight) wk jweek)
no {oombery wi {weights
prepn {preparation) ¥ (yeary

S0 (standard deviation)
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Reporting Numerical Data

Standard metric units are wsed for reporting length,
weight, and volume. For these units and for molarity, use
the ﬁrﬂﬁms m, . o, and p for 107% 1075, 1077, and
107", respectively. Likewise, use the prefix k for 10°,
Avoid compound prefies such as mp or pp. Parts per
million {ppm) may be vsed when that is the common
measure for the science in that field. Units of tempera-
ture are presented as follows: 37°C or 324 K.

When fractions are used to express such units as en-
rymatic activities, it is preferable to use whole units, such
as g or min, in the denominator instead of fractional or
multiple units, such as pg or 10 min. For example,
“pmol/min” is preferable to “nmol/10 min,” and “wmal’
£" is preferable to “nmoljg.” It is also preferable that
an wnambiguous form, such as exponential notation, be
used; for example, “pmol g0 min ™" is preferable to
“pmol/gimin” Always report numerical data in the ap-
plicable 51 units.

Representation of data as accurate to more than two
significant figures must be justified by presentation of
appropnate stabistical analyses.

For a review of some common errors associated with
statistical analyses and reparts, plus guidelines on how to
avoid them, see the article by Olsen (Infect. Immun.
T1a66E9-6G592, 2003).

For a review of basic statistical considerations for vi-
rology experiments, see the article by Richardson and
Overbaugh (1. Virol. T0:5606T6, 2005).

Statistics

If biological vanation within a treatment {coefhcient
of vanation, the standard deviation divided by the mean)
i= smiall {less than 109%) and the difference among treat-
ment means is large (greater than 3 standard devia-
tions), it 1s not necessary o report statistics. If the data
do not meet these critena, however, the authors must
include an appropriate statistical analysis (c.g., Student’s
t test, analysis of vanance, Tukey's test, etc.). Statistics
should represent the variation among biclogical units
{e.g. rephcate incubations) and not just the vanation
due to method of anabysis,

Phylogenetic trees based on nucleotide or amino acid
sequence alignments must be supported by appropriate
statistical analyses of tree stability (e.g., bootstrap anal-
yuis), and nonsupported branches (e.g., bootstrap coef-
ficients below 50%) should be collapsed. A copy of the
alignment should be available for examination by the
editor or the reviewers upon request.

For a review of some commaon errors associated with
statistical analyses and reports, plus guidelines on how to
avold them, see the article by Olsen (Infect. Immun.
T1=66E0-6502, 2003).

For a review of basic statistical considerations for vi-
rology experiments, see the article by Richardson and
Overbaugh (1. Virol. T#568-676, 2005).
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Equations

In mathematical equations, indicate the order of op-
crations clearly by enclosing operations in parentheses,
brackets, and braces, in that order: (¢ + &) < cora +
(B ey, 100 = {[{a/b) = ] + d}or 100 = {a/[iB = c) +
d|t. Ttalicize (by underlining) variables and constants
(but not numerals), and use roman type for designations:
Ey Ep My Ko, B + 20 = 1.2 mM, Ca™" Vg =
expi L3x + y), BOD = 2.7

Isotopically Labeled Compounds

For simple molecules, isx:m:ugujc' labeling 15 indicated in
the chemical formula (e.g. OO0, H. and HT50y).
Brackets are not used when the isotopic symbal is
attached to the name of a compound that in its natu-
ral state does not contain the element {e.g., “5-ATF) or to
a word that is not a specific chemical name (eg., CU-
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labeled protein, **C-amino acids, and *H-ligands).

For specific chemicals, the symbol for the isotope intro-
duced is placed in brackets directly preceding the part of
the name that describes the labeled entity. MNote that con-
figuration symbok and modifiers precede the sotopic sym-
bal. The following examples illustrate correct usage.

[MClurea UDF-[U-*C]glucoss
L-[metind-*CJmethicnine E colé [“PIDMA
[2.3-"H]serine froctose 16]1-Flbisphos-
[@-*C]hysine phate

[+ “PIATP

AEM follows the same comventions for isotopic label-
ing as the Jowrnal of Biolomical Chemistry, and miore-
detailed mformation can be found in the mstructions to
authors of that joumal (first issue of cach year).



