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RESUMO

Os ribossomos bacterianos possuem trés tipos de rRNA: 23S, 16S e 5S;
codificados por genes organizados em operons separados por regioes
espacadoras intergénicas (ISRs), que contém um ou mais genes de tRNA. A
informagédo genética derivada do operon do rRNA fornece uma informacéo
taxonébmica valiosa, visto que as ISRs, especialmente as que estao localizadas
entre as regides 16S e 23S dos rDNAs, sofrem menor pressao evolucionaria, e
assim apresentam maior variagdo genética que as regides que codificam os
rRNAs. A ribotipagem vem sendo aplicada com sucesso para detectar
polimorfismos genéticos entre bactérias. Neste trabalho, analisamos o perfil de
amplificacdo das ISRs obtidos por PCR de amostras de Staphylococcus
aureus, Providencia alcalifaciens e das trés espécies patogénicas do género
Yersinia, utilizando “primers” desenhados com base em sequéncias
complementares das regides conservadas 16S e 23S dos genes de rRNA de
varias espécies bacterianas. Os padrdes de amplificacdo das ISRs mostraram-
se caracteristicos para cada género e espécie. Sete perfis de ribotipagem
foram observados nas cepas de S. aureus e trinta e quatro perfis foram
mostrados em P. alcalifaciens, evidenciando polimorfismo genético nestas
espécies. As cepas de Y. pestis e Y. pseudotuberculosis analisadas exibiram o
mesmo padrao de amplificacdo, enquanto que as amostras de Y. enterocolitica
mostraram quatro padrdes distintos. Os perfis obtidos foram analisados através
das técnicas de sequenciamento e perfil de restricdo. Os resultados confirmam
a alta homologia entre Y. pestis e Y. pseudotuberculosis que € atribuida a
evolugdo de Y. pestis, que se supde um clone derivado de Y.

pseudotuberculosis.

Palavras chave: Ribotipagem; Staphylococcus aureus; Providencia

alcalifaciens; Yersinia.
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ABSTRACT

Bacterial ribosomes carry three types of rRNA: 23S, 16S and 5S encoded in
genes organized in operons separated by intergenic spacer regions (ISRs)
containing one or more tRNA genes. The genetic information derived from the
rRNA operon provides a valuable taxonomic information, since the ISRs,
especially those located between the 16S and 23S regions of the rDNAs, suffer
lesser evolutionary pressure, then they present greater genetic variation than
the regions encoding for the rRNAs. Ribotyping has being applied successfully
to detect genetic polymorphism among bacteria. In this work, we analyzed the
amplification profile of the ISRs obtained by PCR using primers drawn to
complementary sequences of the conserved regions 16S-23S of the rRNA
genes from several bacteria species in samples of Staphylococcus aureus,
Providencia alcalifaciens and the three pathogenic species of Yersinia. The
amplification patterns of the ISRs obtained revealed to be characteristic for
each genus and species. Seven ribotyping profiles had been observed among
the S. aureus strains studied and thirty four profiles in P. alcalifaciens
evidencing great genetic polymorphism in these species. The strains of Y.
pseudotuberculosis and Y. pestis analyzed displayed the same amplification
profile which was different from the Y enterocolitica profile. Four distinct
ribotyping profiles were observed in the Y. enterocolitica strains analyzed. The
profiles obtained from the three species had been analyzed by sequencing and
restriction. The results confirmed the high homology between Y
pseudotuberculosis and Y. pestis, attributed to the Y. pestis evolution,

supposed to be a clone derived from Y. pseudotuberculosis.
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INTRODUGAO

Geralmente os agentes causadores de uma infeccdo em um surto
derivam de uma unica célula, ou seja s&o clonais ou altamente relacionados.
Os organismos de origem clonal sdo membros de uma mesma espécie com o0s
mesmos fatores de viruléncia, e caracteristicas bioquimicas e gendmicas
iguais, entretanto apresentam diversidade ao nivel de espécie suficiente para
diferenciar entre isolados de diferentes origens, diferentes periodos e diversas
regides geograficas, podendo ser subtipados.

As técnicas de tipagem s&o epidemiologicamente importantes para o
monitoramento de surtos de infecgdes, transmissdo cruzada de patdégenos
nosocomiais, reconhecimento de clones virulentos, relagdo clonal entre
amostras, e monitoramento através de programas de controle ou erradicagéo
das doencas.

Os métodos de tipagem sao subdivididos em fenotipicos, que empregam
marcadores fenotipicos, e moleculares que utilizam marcadores moleculares e
genéticos. Os marcadores genéticos correspondem aos acidos nucléicos e séo
largamente aplicados para andlises taxonOmicas e epidemioldégicas em
bactérias. Entre os diversos métodos de tipagem molecular a partir dos acidos
nucléicos destacamos a ribotipagem que corresponde a analise dos genes do
DNA ribossomal (rDNA). As bactérias possuem rRNAs 23S, 16S e 5S, os
genes dos rRNAs 16S e 23S apresentam regides muito conservadas que séo
adequados para analises taxonémicas, e as regides espacgadoras intergénicas
(ISRs), presentes entre os genes 16S-23S, apresentam sequéncias variaveis
que sao apropriadas para avaliagdes epidemiologicas sendo empregados para
tipagens de culturas bacterianas.

Neste trabalho, foi analisado o perfil de amplificacido das ISRs obtidos
por PCR de bactérias patogénicas de interesse regional: Staphylococcus
aureus, agente de grande importancia clinica e econdmica por ser causador de
um amplo espectro de doencas em animais e humanos; amostras de
Providencia alcalifaciens, agente causador de gastroenterites e amostras das
trés espécies patogénicas do género Yersinia: Y. pestis, agente causador da

peste, Y. pseudotuberculosis e Y. enterocolitica, enteropatogénicas.
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Objetivo geral

Analisar o perfil de amplificacdo das ISRs obtidos por PCR a partir de

bactérias patogénicas de interesse regional.

Objetivos especificos

= Analisar o polimorfismo genético em amostras de Staphylococcus aureus de
origem animal e humana.

» Avaliar a diversidade genética entre amostras de Providencia alcalifaciens
isoladas de casos de gastroenterites.

= Analisar as regides espagadoras intergénicas (ISRs) das trés espécies
patogénicas do género Yersinia: Y. pestis, Y. pseudotuberculosis e Y.
enterocolitica, para avaliagao do polimorfismo genético das ISRs em cada

espeécie e para analise da evolugao molecular de Y. pestis.
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Revisao da literatura

Tipagem Molecular

A revolugao da biologia molecular com a elucidagao da estrutura do DNA
por Crick & Watson em 1953 permitiu avangos na pesquisa epidemioldgica,
quando esta ciéncia passou a incorporar aspectos celulares e moleculares,
ampliando os marcadores biolégicos e o desenvolvimento da epidemiologia
molecular (Hust & Rao, 1993).

Os marcadores Dbiolégicos incluem marcadores: bioquimicos,
moleculares, genéticos, imunoldgicos e fisioldégicos. O recente aumento de
marcadores moleculares e genéticos disponiveis tem facilitado e aumentado o
estudo da epidemiologia das doengas infecciosas (Schulte, 1993; Harrison &
Griffin, 1993), bem como, o conceito de relagdo clonal entre isolados de
microrganismos de surtos de origem comum. Muitos surtos de infecgdes
resultam da exposigdo a um agente etiolégico de uma mesma fonte. Em geral,
0s microrganismos infecciosos s&o clonais, ou seja, eles sdo originarios de
uma unica célula e sdo geneticamente idénticos ou apresentam uma baixa
diversidade (Swaminathan & Matar, 1993).

Ao nivel de espécie as bactérias apresentam uma diversidade genética
suficiente para a identificagdo de diferentes clones ou grupos clonais,
entretanto conservam uma similaridade genética elevada, entre isolados de
uma mesma espeécie, coletados de diferentes fontes, locais e periodos. Os
isolados sado examinados para varias caracteristicas que permitam uma
discriminagdo intraespecifica com o objetivo de realizar uma subtipagem
(Swaminathan & Matar, 1993).

A subtipagem tem aplicagéo bacteriolégica ampla em saude publica. E
essencial para determinar se clones previamente reconhecidos como virulentos
s&o reconhecidos em uma amostra, para identificar a origem da infecgdo em
um surto, e assegurar que programas de imunizagédo levem a erradicagdo do
patdgeno alvo, em vez de atingir formas variantes nao patogénicas.

Anteriormente a subtipagem era feita apenas por marcadores
fenotipicos, sendo empregados um ou varios marcadores como: biotipagem,

sorotipagem, fagotipagem e bacteriocinatipagem. Estes testes sdo organismo-



Sobreira, M. Andlise das regibes espagadoras ...

especificos e cada organismo requer o uso de reagentes e procedimentos
especificos. Os padroes de resisténcia a antibidticos, embora baseados em
tragos fenotipicos, tém sido largamente utilizados para tipar muitos isolados
bacterianos, particularmente de infeccbes hospitalares. A resisténcia aos
antimicrobianos frequientemente ¢é codificada por DNA plasmidial sendo
freqUente a associagao entre padrao de resisténcia e o perfil plasmidial.

Os métodos de tipagem molecular sdo baseados nas caracteristicas
fisicas de moléculas como: acidos graxos, proteinas, carboidratos, acidos
nucléicos entre outras moléculas quimicas, produzidas por bactérias e sao
universalmente aplicaveis. Esses métodos podem ser classificados em trés
grandes grupos com base no tipo de macromolécula: lipopolissacarideos (LPS)

e acidos graxos, proteinas e em acidos nucléicos.

Métodos baseados nos acidos nucléicos

O desenvolvimento de técnicas de isolamento, separacao, clivagem e
sequenciamento de acidos nucléicos desde 1975, possibilitaram a aplicagao

destes meétodos para varios problemas epidemiologicos.

Perfil de restricao do DNA gendémico e plasmidial

Perfil plasmidial

Os plasmideos sido elementos de DNA extracromossomal de
replicagao autbnoma presentes em muitas espécies de bactérias, mas que nao
sao essenciais ao crescimento bacteriano normal, eles podem conter genes
que codificam fatores de viruléncia ou resisténcia aos antimicrobianos. O perfil
plasmidial vem sendo usado como ferramenta para subtipar varias espécies de
bactérias. Por outro lado, plasmideos de tamanhos idénticos podem diferir em
sequéncias de nucleotideos, nestes casos a clivagem do DNA plasmidial com
enzimas de restricdo fornece um perfil plasmidial com grande poder
discriminatorio, sendo util para a subtipagem de diferentes espécies
bacterianas. Embora o perfil plasmidial seja aplicavel em investigacdes

epidemioldgicas ele ndo pode ser aplicado a todas espécies bacterianas.



Sobreira, M. Andlise das regibes espagadoras ...

Muitas bactérias apresentam plasmideos instaveis ou plasmideos com baixa
heterogeneidade de sequéncias de nucleotideos ndo sendo uteis para

subtipagens (Swaminathan & Matar, 1993).

Analise de restrigao do DNA gendémico

Este método envolve a comparacdo do numero e tamanho de
fragmentos produzidos por digestdo do DNA genbémico com enzimas de
restricdo. Variagbes observadas entre os fragmentos de restrigdo gerados por
uma enzima especifica sdo denominadas Polimorfismo do comprimento dos
fragmentos de restricdo (Restriction Fragment length Polymorphism: RFLPs).
RFLPs podem resultar de rearranjos, insergdo, delecdo ou substituicdo de
bases do DNA nos sitios de clivagem das enzimas. A vantagem da analise de
restricio do DNA genbmico é que diferente do perfil plasmidial ele é
universalmente aplicavel. Apresenta a desvantagem de gerar numerosos
fragmentos de restricdo de tamanhos muito proximos impossibilitando a
analise. O uso de técnicas de transferéncia de DNA para suportes como
membranas de nailon ou nitrocelulose (Southern blotting) e hibridizagdo com
sondas marcadas simplifica a analise dos RFLPs.

As sondas usadas para subtipagem incluem: sondas baseadas em
fatores de viruléncia; sondas derivadas de sequéncias de insergéo (IS); sondas
derivadas de bacteriofagos de DNA; sondas de fragmentos aleatérios do DNA

gendmico e sondas da regido 16S-23S do rRNA (Swaminathan & Matar, 1993).

Sondas derivadas de seqiiéncias de insergao

As sequéncias de insergédo (IS) sdo elementos transponiveis de DNA
repetitivo que sdo encontrados em organismos procariotos e eucariotos. A
presenca desses elementos de DNA repetitivo favorece rearranjos
cromossbmicos, causando mutagdes que podem gerar polimorfismos

interespecificos e podem acelerar a evolugao das espécies.
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Analise do RFLP do DNA ribossomal (rDNA) — Ribotipagem

A ribotipagem baseia-se no padréo de restricdo dos genes do rRNA, e
vem sendo aplicada com sucesso para detectar polimorfismos genéticos entre
as bactérias (Grimont & Grimont, 1986). Todas as células vivas contém rRNA
classificados pela constante de sedimentagdo (Svedberg ou S). As células
procarioticas possuem rRNAs 23S, 16S e 5S que junto a proteinas constituem
os ribossomos bacterianos.

Os genes que codificam os rRNAs procariéticos sdo organizados em
operons formados por trés genes que codificam ordenadamente os rRNAs 16S,
23S e 5S separados por uma regido espacgadora intergénica (entre cada gene -
ISRs), que contém um ou mais genes de tRNA. Esta estrutura é similar nas
diversas espécies bacterianas. Um longo precursor € formado e processado
por nucleases para liberar os rRNA maduros e os tRNA (Figura 1). O numero
de operons rRNA nas bactérias varia de 1 a 12 por célula e muitos contém
ISRs semelhantes. O numero de copias esta relacionado ao tamanho do
genoma e a velocidade de crescimento das bactérias (Grimont & Grimont,
1991). Diversos estudos envolvendo a analise das ISRs sao utilizados para
analises filogenéticas, taxonémicas e de epidemiologia molecular em diferentes
géneros bacterianos (Kostman et al., 1992; Lobato et al., 1998; Chun et
al.,1999).

A filogenia dos seres vivos pode ser estabelecida pela comparacao das
sequéncias de nucleotideos de cada gene de rRNA que apresentam regides
com sequéncias muito conservadas (regido invariavel), que corresponde as
regides de interagcado das proteinas ribossémicas com o rRNA, e regides com
sequéncias variaveis entre as bactérias. Em especial as ISRs, que estédo
localizadas entre as regides 16S e 23S dos rDNAs, sofrem uma menor presséo
evolucionaria, logo apresentam uma maior variagdo genética que as regides
que codificam o rRNA, fornecendo uma informacdo taxondémica ainda mais
valiosa.

Em razdo da conservagdo das sequéncias de nucleotideos dos genes de
rRNA ao longo da evolugdo, uma unica sonda construida a partir do rRNA de
uma unica bactéria (Escherichia coli) pode ser usada para hibridizar com os

genes correspondentes de qualquer bactéria. Os operons do rRNA podem
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conter sequéncias reconhecidas pelas enzimas de restricdo ou ter estas
sequéncias nas suas proximidades, gerando um numero de fragmentos de
restricdo igual ou superior ao numero de coépias dos operons presentes no

cromossoma bacteriano (Grimont & Grimont, 1991).

Métodos de tipagem baseados na PCR

Os métodos que envolvem a reagdo em cadeia da polimerase
(Polymerase Chain Reaction: PCR) oferecem muitas vantagens sobre os
outros métodos de tipagem baseados nos acidos nucléicos, por serem mais
rapidos e necessitarem de poucas células do microrganismo (Mullis & Faloona,

1987). Varios métodos de tipagem baseados na PCR vem sendo utilizados:

RAPD-PCR

A genotipagem pelo polimorfismo de amplificacdo aleatéria do DNA
(Random Amplification of Polymorfic DNA - RAPD) n&o depende do
conhecimento prévio da sequéncia do genoma do organismo a ser amplificada,
nao necessitando de “primers” especificos; apenas nanogramas de DNA s&o
necessarios e este ndo necessita ser fortemente purificado. Envolve a
utilizacdo de um unico “primer”, de uma sequéncia arbitraria, e em condi¢cdes
de baixa estringéncia, sao gerados varios fragmentos de diferentes tamanhos.
Estes fragmentos amplificados sdo resultantes do anelamento do “primer” com
sequéncias parcialmente homélogas no DNA molde (Welsh & MacClelland,
1990; Williams et al., 1990).

Ribotipagem-PCR

Esta técnica utiliza-se da organizagao dos operons do rRNA bacterianos.
A amplificagdo dos genes ribossomais, que codificam o rRNA 16S ou 23S é
muito utilizada para identificagbes ao nivel de espécie (lbraim et al, 1993;
Trebesius et al., 1998), entretanto ndo sdo uteis para subtipagens. A utilizagédo
de “primers” que amplificam a regido espagadora intergénica (ISR), em

especial a que esta localizada entre os genes que codificam os rRNA 16S e
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23S, geram perfis de amplificacdo que sao utilizados para identificacdo de
eubactérias e para subtipagem de muitos géneros bacterianos (Kostmam et al.,
1992; Chun et al., 1999). O RFLP dos produtos de amplificagdo da

Ribotipagem por PCR permite a discriminagao entre cepas.

Aplicagoes dos métodos moleculares de tipagem em diferentes géneros

bacterianos

Staphylococcus aureus

Staphylococcus aureus é uma bactéria gram-positiva, responsavel por
um amplo espectro de doencas, desde lesbes superficiais até severas
infeccbes sistémicas, no homem e em outros animais (Kloos & Sheifer, 1981).
E o principal patdgeno nosocomial, sendo descrito como agente etiolégico
significativo em infecgdes hospitalares; a emergéncia de S. aureus meticilina
resistente (MRSA), tem sido o maior problema clinico (Kluytmans et al., 1995).
E o mais frequénte microrganismo associado as mastites caprina e bovina
(Harvey & Gilmour, 1988; Watts, 1988). A mastite bovina causada por S.aureus
€ uma doenga de grande importancia econémica para a industria leiteira, pois
causa redugao na qualidade e na produgao do leite, aumento do uso de drogas

e servigos veterinarios (Raimundo et al., 1999).

Epidemiologia e tipagem em Staphylococcus aureus

Os portadores de S. aureus desempenham um papel importante na
epidemiologia e patogénese da infeccéo, eles tém sido identificados como
importante fator de risco para infeccbes em pacientes imunocomprometidos
tais como: pacientes cirurgicos, que fazem hemodialise ou ainda pacientes
portadores do virus da imunodeficiéncia humana (HIV) ou AIDS. O tratamento
de portadores nasais de S. aureus, constitui uma estratégia preventiva em
pacientes de risco (Kluytmans et al., 1995).

A ocorréncia de portadores sadios de S. aureus em animais € de grande

importancia no campo da saude publica e na saude animal. No Brasil,
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linhagens de S. aureus foram isoladas de bovinos, aparentemente sadios, em
fase de lactacdo, na pele do ubere e tetas e menos frequentemente nas fossas
nasais (Araujo et al., 1986; Pereira & Siqueira Junior, 1995).

Atualmente varios sistemas de tipagem sao usados para monitorar
infeccdes por S. aureus. Uma grande variedade de métodos bioquimicos e
moleculares, tais como, fagotipagem, padrdao de resisténcia aos
antimicrobianos, biotipagem, perfis cromossémicos e plasmidiais de restrigéo,
ribotipagem e analise do padrao eletroforético em campo pulsado vém sendo
usados em investigagbes epidemiolégicas de infeccbes estafilocdcicas
humanas e bovinas (Kapur et al., 1995).

Considerando a importancia clinica de S. aureus, sob os aspectos de
saude humana e animal, sistemas de tipagem s&o de grande relevéncia
epidemioldgica para o reconhecimento do surgimento e origem da infecgao, da
transmissao cruzada de patdégenos nosocomiais, reconhecimento de cepas
virulentas, relagdo clonal entre amostras, e monitoramento de programas de

vacinagao (Olive & Bean, 1999).

O género Providencia

O género Providencia pertence a familia Enterobacteriaceae, tribo
Proteeae ou grupo Proteus-Providencia. Este género sofreu varias alteragdes
taxondmicas. As bactérias do grupo “Providence”, denominagado adotada em
homenagem a cidade de Providence (Rhode Island, USA), onde foram
primeiramente isoladas, foram inicialmente incluidas no género Proteus por
assemelharem-se a Proteus morganii € Proteus rettgeri em varios aspectos,
embora diferissem fortemente de Proteus vulgaris e Proteus mirabilis (Rustigian
& Stuart, 1945). Mais tarde, o termo “Providence” empregado para o grupo foi
modificado para Providencia (Kauffmann & Edwards, 1952).

O grupo Proteus-Providencia é composto de trés géneros: Proteus;
Morganella e Providencia (Brenner et al., 1978) e com exceg¢ao de Proteus
morganii, ocupa uma posi¢ao marginal na familia Enterobacteriaceae, cujo
percentual de G+C situa-se entre 50 a 58 % nos diferentes géneros. O
conteudo de G+C em Providencia varia de 39 a 42% (Falkow et al., 1962;
Coetzee, 1972).
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O género Providencia atualmente € composto de cinco espécies: P.
alcalifaciens, P. stuartii, P. rettgeri, P. rustigianii e P. heimbachae, das quais as
quatro primeiras s&o reconhecidas como patdogenos humanos (Ewing, 1986).
Estas espécies sdo mais comumente associadas com infeccbes do trato
urinario na comunidade sadia e em pacientes cateterizados e isoladas de fezes
diarréicas. Entretanto, podem causar infecgdes oportunistas variadas em
pacientes hospitalizados, tais como infeccbes em queimaduras, septicemia,
infeccbes de lesbes cutdneas ou de ferimentos cirurgicos e tromboflebite
supurativa. As espécies deste género podem ser distinguidas bioquimicamente
pela prova da urease e pelos testes de fermentacdo do adonitol, inositol,
trealose, arabinose e galactose, entre outros. Apresentam antigenos
termoestaveis da parede celular ou somaticos (O), flagelares (H), e antigenos

de envoltério ou capsula (K) (Penner et al., 1979a, 1979b; Penner, 1984).

Epidemiologia e tipagem em Providencia alcalifaciens

P. alcalifaciens pode ser isolada de individuos sadios, por meio de
métodos rotineiros empregados nos exames de espécimes fecais, sendo
portanto questionado se esta bactéria é de fato o agente causador das
diarréias ou se € um comensal que surge durante infecgbes causadas por virus
ou outros agentes bacterianos (Carpenter, 1964).

O interesse clinico em P. alcalifaciens aumentou depois de um estudo
de caso-controle realizado em dois grupos de pacientes britanicos, um com
diarréia e historia de viagem anterior recente a paises em desenvolvimento e
outro com diarréia mas sem referir viagem para esses paises; foi significativa a
incidéncia de isolamento de P. alcalifaciens no primeiro grupo, sendo
considerada o agente causador da “Diarréia dos Viajantes Britanicos” (Haynes
& Hawkey 1989). Outro estudo caso-controle realizado com criangas indica
uma associagao significativa de P. alcalifaciens com a diarréia infantil (Albert et
al., 1998).

Atualmente, o papel de P. alcalifaciens como agente causador da
gastroenterite foi comprovado em virtude do seu isolamento a partir de
amostras de fezes diarréicas de um grande surto de infec¢ao alimentar ocorrido

entre criancas e professores de escolas da cidade de Fukui no Japao,
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consistindo no primeiro relato de um surto de infecgao alimentar atribuido a P.
alcalifaciens (Murata et al., 2001).

No Brasil, P. alcalifaciens vem sendo algumas vezes encontrada como
organismo predominante ou mesmo como cultura pura em fezes diarréicas de
pacientes na auséncia de outros patdégenos intestinais (Guth & Perrella, 1996;
Magalhaes et al., 1996).

A transmissdo se da por via oral, pela ingestdo de agua ou alimentos
contaminados por fezes, e o sorogrupo mais comum é o O:3.

Os fatores de viruléncia e os mecanismos de patogenicidade em P.
alcalifaciens ainda s&o pouco conhecidos. Varios estudos demonstram a
habilidade invasiva em células como mecanismo de viruléncia deste organismo
(Albert et al., 1992; 1995; Mathan et al., 1993; Murata et al., 2001), entretanto
esta caracteristica ndo é demonstrada por todos os isolados de origem
diarréica (Guth & Perrella, 1996).

Magalhaes et al. (1996), observaram a correlagao entre a invasividade, e
a presenca de um plasmideo de 45 a 50 kb. Na analise das culturas isoladas
do surto de infeccao alimentar no Japao também foi observada a correlagao de
um plasmideo grande com o potencial invasivo das culturas, entretanto uma
cultura sem o referido plasmideo apresentou menor grau de invasividade,
sendo questionada a correlagdo total da invasividade com a presenga do
plasmideo (Murata et al., 2001). Outros estudos confirmaram a habilidade
invasiva, entretanto, ndo demonstram nenhuma correlagdo entre a presenga do
plasmideo de 45-50 kb e a invasividade, e questionam o papel dos plasmideos
na patogenicidade de P. alcalifaciens (Guth & Perrella, 1996; Sobreira et al.,
2001). Portanto, a presenca de outros mecanismos de viruléncia, e o papel de
P. alcalifaciens na diarréia necessitam ser esclarecidos.

P. alcalifaciens é bacilo gram-negativo, movel com flagelos peritriquios e
apresenta 46 antigenos O (Penner, 1979a). As culturas sdo classificadas em
dois biogrupos, tomando-se como base a produgdo de gas da glicose e a
fermentagcdo do adonitol e inositol: cepas do biogrupo 1 produzem gas da
glicose, fermentam adonitol mas a fermentagcdo de inositol € variavel e as
culturas do biogrupo 2 ndo produzem gas da glicose, fermentam adonitol mas
nao o inositol (Ewing et al., 1972). Os biogrupos 1 e 2 distinguem-se em dois

zimotipos, A1 e Az, quanto ao perfil eletroforético da B-esterase e da fosfatase
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acida (Picard et al., 1991). Esta subclassificagao foi confirmada por hibridizagcao
DNA/DNA (Brenner et al, 1978). Através de hibridizagdo DNA/DNA, a
homologia entre as bactérias do zimotipo A; é de 89 a 100% a 60°C, enquanto
que a homologia do zimotipo A, € de apenas 74 a 76% confirmando a
existéncia de dois grupos (Brenner et al., 1978; Wayne et al., 1987). Pelo
polimorfismo dos fragmentos de restricdo (RFLP) do DNA ribossomal (rDNA),
também se distinguem dois ribogrupos A; e A, (Wayne et al., 1987). Estes
resultados pdem em duvida a existéncia de uma Unica espécie e sugerem a
existéncia de duas espécies dentro da atual P. alcalifaciens (Picard et al.,
1991). Outros estudos de analise do perfil de restricdo do rDNA em culturas de
um mesmo Biogrupo evidenciam a existéncia de dois ribogrupos com
diferentes ribotipos dentro de um mesmo biogrupo (Guth et al., 1999; Pignato et
al., 1999), demonstrando um polimorfismo genético na espécie.

A heterogeneidade genética de P. alcalifaciens é reforgcada pela
presenca de perfis plasmidiais heterogéneos, que inclui desde cepas sem
plasmideos a cepas com cinco plasmideos, além do polimorfismo no padrao de
RAPD-PCR e uma heterogeneidade de ribotipos identificados através da
analise combinada de paddes de ribotipagem obtidos com trés enzimas de
restricdo (Guth et al., 1999; Sobreira et al., 2001).

Através da ribotipagem em isolados de origem diarréica da cidade de
Sao Paulo, foram identificados dois grupos dentro de um mesmo biotipo e
observado que amostras invasivas apresentam padrdées de ribotipagem
distintos das amostras n&o invasivas representando clones especificos que sao
distribuidos endemicamente (Guth et al., 1999). A relacdo clonal de amostras
invasivas de P. alcalifaciens foi também evidenciada em culturas de origem
diarréica da cidade do Recife em um estudo através de RAPD-PCR. Estes
resultados sugerem que amostras invasivas e nao invasivas s&o originadas de
clones distintos, existindo uma linhagem clonal responsavel pelo potencial
invasivo em P. alcalifaciens (Sobreira et al., 2001).

Por outro lado, uma analise realizada em culturas isoladas de um surto
de infeccdo alimentar no Japéo, revela uma grande homogeneidade entre as
culturas através de PFGE (Murata et al., 2001), esta diferenga deve-se ao fato
de que as culturas analisadas em estudos anteriores correspondem a isolados

de casos esporadicos de gastroenterite e os isolados obtidos a partir de um
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surto de infecgao alimentar sao originarios de uma mesma fonte sendo portanto

clonais.

O género Yersinia

O género Yersinia foi proposto por Van Loghem (1944) para separar Y.
pestis e Y. pseudotuberculosis do género Pasteurella por diferirem na reagao
de oxidase e na composigdo das bases do DNA (Mollaret & Thall, 1974);
pertence a familia Enterobacteriaceae e atualmente € composto de onze
especies das quais trés sdo patdbgenos humanos e de animais: Y. pestis o
agente causador da peste, Y. pseudotuberculosis e Y. enterocolitica, que sao
enteropatogenos. O conteudo de G+C varia de 46-50 mol % entre as espécies
do género.

Resultados de hibridizacdo de DNA-DNA (Bercovier et al., 1980)
mostraram que Y. pestis e Y. pseudotuberculosis séo fortemente relacionadas
por apresentarem mais de 90% de homologia, contra apenas 48% entre essas
duas espécies e Y. enterocolitica. Em virtude destas semelhancas foi proposto
que Y. pestis e Y. pseudotuberculosis fossem reclassificadas em uma soé
especie com duas subespécies: Y. pseudotuberculosis subespécie
pseudotuberculosis e Y. pseudotuberculosis subespécie pestis (Bercovier et al.,
1980). Entretanto, devido as diferengas quanto ao ciclo de transmissao, quadro
clinico, nivel de patogenicidade e de biosseguranca a separagao das duas
espécies foi mantida. A comparagao de sequéncias de genes homdlogos como
os genes do rRNA 16S, genes reguladores e genes estruturais do
lipopolissacarideo (LPS), de Y. pestis e Y. pseudotuberculosis revela uma
similaridade na sequéncia de nucleotideos de 97 a 99,7% (lbraim et al., 1993,
Achtman et al., 1999). Esses resultados sugerem que Y. pestis € um clone de
uma cepa de Y. pseudotuberculosis, provavelmente sorotipo O:1b, que surgiu
entre 1.500 a 20.000 anos atras, pouco antes da primeira pandemia de peste
(Achtman et al., 1999; Skurnik et al., 2000).

A razao das diferengas na viruléncia dessas duas espécies vem sendo
alvo de muitos estudos. A patogenicidade nestas trés espécies depende em
grande parte de um plasmideo comum o pYV (~70 kb), que codifica a

dependéncia ao calcio para crescimento a 37°C, uma adesina (YadA), uma
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lipoproteina (YIpA), varias proteinas com propriedades antifagocitica (Yop), um
sistema secretor das Yops (Ysc), proteinas chaperones especificas para as
Yops (Syc) e um sistema regulatoério (Lcr) (Cornelis, 2000). Em Y. pestis o gene
yadA encontra-se inativado por uma mutagao (Rosqvist et al., 1988; Skurnik &
Wolf-Watz, 1989). Além deste plasmideo, as cepas tipicas de Y. pestis abrigam
mais dois plasmideos de viruléncia: o pFra (100 kb), codifica uma proteina
capsular imunogénica (F1) e a toxina murina, envolvida na transmissao pelas
pulgas, e o pPst (9,5 kb) que codifica uma protease também envolvida na
transmissao (Perry & Fetherston, 1997).

Varios genes cromossOmicos presentes nas duas espécies estao ativos
em Y. pseudotuberculosis mas, mutados em Y. pestis. Em Y. pestis o LPS
apresenta-se rugoso, ou seja desprovido de antigenos O, enquanto que em Y.
pseudotuberculosis a sintese de antigenos O caracteriza 21 diferentes
sorotipos. O locus génico que codifica a sintese dos antigenos O esta presente
em Y. pestis e apresenta 98,9% de homologia com os genes envolvidos na
biossintese dos antigenos O de cepas de Y. pseudotuberculosis sorotipo O:1b.
Entretanto, em Y. pestis esses genes estao inativados por delegao ou insergcao
de nucleotideos (Skurnik et al., 2000). Os genes inv e ail, envolvidos na
invasdo em células eucaribticas, estao inativados em Y. pestis pela presenca
de sequéncias de insercédo (Simonet et al., 1996). A Y. pestis ndo apresenta
atividade ureolitica, presente em todas as outras espécies do género,
entretanto apresenta em seu cromossoma o locus génico da urease, que
abriga os genes estruturais e regulatérios, porém esses genes apresentam
mutagdes espécie especifica (Sebbane et al., 2001).

A compreensdo dos fatores que diferenciaram Y. pestis de Y.
pseudotuberculosis ao nivel molecular e genético podem facilitar o controle da
peste e fornecer informagbes sobre a evolugcdo de microrganismos

patogénicos.
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Histoéria da peste

A peste é uma das doengas que mais causou devastagao na historia da
humanidade; € conhecida desde a antiglidade, acreditando-se que surgiu no
Planalto Central Asiatico, considerado o "Ber¢co da Peste". Na era pré-Crista,
varias pestiléncias foram, erroneamente classificadas como peste.

Trés grandes pandemias bem caracterizadas foram registradas durante
a era Crista. A primeira pandemia, denominada "Peste de Justiniano" (542-602
d.C) teve inicio na Africa Central se estendeu para o Egito e estima-se que
chegou a matar 100 milhdées de pessoas. A segunda pandemia ou Peste
Negra, teve inicio na Asia e estendeu-se por toda a Europa e parte do Norte da
Africa, persistiu do século XIV ao século XVIII e matou um quarto da populacéo
européia. A terceira pandemia ou pandemia Contemporanea, teve seu inicio na
China estendendo-se para Hong Kong em 1894 e de la se espalhou para os
Estados Unidos, América do Sul, Africa do Sul e Madagascar, através do
transporte maritimo (Perry & Fetherston, 1997). Segundo Mollaret (1989), a
expansao desta pandemia terminou durante a 2" Guerra Mundial, quando os
antigos navios foram afundados e substituidos por navios modernos a prova de
ratos. Contudo, a terceira pandemia deixou focos endémicos em varias partes
do mundo.

A peste chegou ao Brasil em 1899, através do porto de Santos no
Estado de Sao Paulo, durante a ultima pandemia. Inicialmente infectou varias
cidades litoraneas, de onde foi eliminada através de medidas sanitarias
adequadas e focalizou-se entre os roedores silvestres, na area rural,
principalmente na regidao Nordeste (WHO, 1965). Os focos atuais estéo
localizados em areas rurais dos Estados de Alagoas, Bahia, Ceara, Minas
Gerais, Paraiba, Pernambuco, Rio Grande do Norte e Rio de Janeiro (Vieira &
Coelho, 1998; Almeida et al., 2001).

A peste constitui ainda um problema de saude publica, persistindo em
varios focos naturais em diferentes paises da Africa, Asia e Ameéricas.
Enquadra-se entre as doengas de notificagdo obrigatéria a nivel internacional e
sujeita a quarentena (classe | do regulamento Sanitario Internacional), fazendo-
se necessaria a vigilancia permanente nas areas de foco. Atualmente a peste

esta classificada pela OMS como uma doenca reemergente, pelo aumento da
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incidéncia mundial de casos humanos e ocorréncia de epidemias em varios
paises como India, Peru, Equador, Madagascar, Zaire e Tanzamia
(PAHO/WHO, 2002; WHO, 2000).

Epidemiologia e tipagem em Yersinia pestis

A persisténcia da peste reside na sua complexa epidemiologia. E uma
doenga de roedores e a transmissdo se da através da picada de pulgas
infectadas. O homem contamina-se acidentalmente, ao entrar em contato com
os roedores ou outros animas infectados e suas pulgas. O controle da
populagdo animal & extremamente dificil por encontrarem-se, geralmente, em
locais inacessiveis, e a completa destruicdo da populagcdo de roedores nao
garante a extingdo dos focos, porque o bacilo da peste pode sobreviver por
varios anos nas carcagas dos animais mortos e reinfectar novos ocupantes das
tocas. Carnivoros selvagens e domésticos (raposas, caes e gatos), também
estdo envolvidos no ciclo epidemiolégico da peste. Eles se contaminam quando
sdo picados por pulgas infectadas ou ao devorar roedores infectados (Perry &
Fetherston, 1997).

No homem a doenga pode apresentar-se sob trés formas clinicas
principais: bubdnica, pulmonar e septicEémica. A peste bubdnica € a forma mais
comum, e caracteriza-se pela presenga de um bubao (linfadenite regional) na
regido préoxima a picada da pulga. A peste pneumonica representa uma forma
grave da doenga que é geralmente fatal, nesta forma pode ocorrer a
transmissao homem a homem. Na peste septicémica, os doentes apresentam
manifestacdes sistémicas. As trés formas da doengca respondem bem a
antibioticoterapia apropriada reduzindo significativamente a mortalidade. As
drogas preconizadas para o tratamento s&o: estreptomicina, cloranfenicol,
tetraciclina e sulfazidina (Perry & Fetherston, 1997).

As atividades de vigilancia e controle de peste no Brasil, envolvem
técnicas bacterioldgicas e sorolégicas para a pesquisa da Y. pestis nos
roedores (hospedeiros), pulgas (vetores), e pesquisa de anticorpos em animais
sentinela/indicador: roedores, carnivoros domeésticos (cdes e gatos) e nos
pacientes suspeitos de peste (Almeida et al., 1995; Vieira et al., 1994; Vieira &
Coelho, 1998).

16



Sobreira, M. Andlise das regibes espagadoras ...

A peste é causada por um bacilo gram-negativo, caracterizado por
apresentar um baixo numero de reagdes bioquimicas positivas e uma grande
homogeneidade, com um unico sorotipo, um fagotipo, e trés biovar ou
variedades geograficas: Antiqua, Medievalis e Orientalis. Cada variedade foi
considerada remanescente da primeira, segunda e terceira pandemias,
respectivamente. Esta classificacdo baseia-se nos resultados das reacdes de
fermentacdo do glicerol e redugdo do nitrato a nitrito (Tabela 1). A
homogeneidade observada surpreende pelo fato da Y. pestis adaptar-se a
diferentes tipos de hospedeiros (roedores, homem), diversas espécies de
pulgas, bem como diferentes regides geograficas (Craniel & Mollaret, 1990).

A técnica de ribotipagem & uma ferramenta util na subdivisdo dos
isolados de Y. pestis. Guiyoule et al. (1994) identificaram 16 ribotipos distintos
em cepas de Y. pestis de cinco continentes, e observaram que existe uma
correlagdo entre os biovar e os ribotipos (Tabela 1). Dentre as cepas
estudadas, foram analisadas oito cepas brasileiras, isoladas durante um
mesmo surto de peste (Almeida et al., 1985) e observou-se que todas
pertenciam ao mesmo ribotipo, o correspondente ao que se supde ter sido
responsavel pela ultima pandemia.

Um novo ribotipo foi observado em cepas do biovar Orientalis isoladas
durante o surto de 1994 na india (Ramalingaswami, 1995). Posteriomente,
Guiyoule et al. (1997) detectaram o aparecimento de trés novos ribotipos de Y.
pestis, por ocasiao do atual surto de peste em Madagascar, essas cepas foram
isoladas em anos diferentes e exibiram perfis plasmidial e gendmico
especificos, sugerindo que perfis distintos do gene rDNA podem se
desenvolver em um curto periodo de tempo (menos de um século), em uma
area geografica especifica.

Com base nos perfis de ribotipagem e sua correlagcdo com as trés
variedades geograficas, foi postulada a hipotese de que um clone de Y. pestis
do ribotipo O (Biovar Antiqua) espalhou-se da Asia Central, Planalto Centro
Asiatico, para a Africa Central e causou a Peste de Justiniano. Posteriormente,
uma variante do mesmo clone, ribotipo O, que perdeu a capacidade de reduzir
o nitrato (Biovar Medievalis) espalhou-se da Asia Central para a Crimea e
causou a Peste Negra. Considera-se ainda a hip6tese de um clone do ribotipo

B (Biovar Orientalis), que causou a terceira pandemia, ser derivado do primeiro
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clone (ribotipo O), visto que esse clone reduz o nitrato embora tenha perdido a
capacidade de fermentar o glicerol. Quanto ao perfil de restricdo com as
enzimas EcoRIl e EcoRV os dois clones diferem apenas pela perda de um sitio

de restricao no ribotipo B (Guiyoule et al., 1994).
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Tabela 1. Distribuicdo das variedades geograficas (biovar) e ribotipos de Yersinia pestis.

Biovar Reagoes Distribuigcao geografica Ribotipo
Glicerol Nitrato
Antiqua + + Africa Central, Norte e Centro da Asia, FaO
China (Manchuria), Mongodlia
Medievalis + - Unido Soviética (regido do Mar Caspio) OeP
Orientalis - + China, Africa do Sul, América do Sul, EUA AaG, QRS eT
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Figura 1. Organizacéo e processamento do operon do rRNA bacteriano.
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Aims: To investigate genetic diversity among Staphylococcus aureus and to delineate the
geographical distribution of the strains found.

Methods and Results: RAPD-PCR and ribotyping-PCR were employed for the character-
ization of Staph. aureus isolates from bovine and nosocomial origin. Among the strains, five to
nine groups were distinguished by RAPD-PCR, depending on which primer was used, while
ribotyping-PCR distinguished seven ribotypes.

Conclusions, and Significance and Impact of the Study: These results demonstrate the
genetic heterogeneity of the strains studied, and the large dissemination of some clones
throughout different regions and hosts, findings that may allow the monitoring of Staph. aureus

infections.

INTRODUCTION

Staphylococcus aureus is one of the most significant patho-
gens causing hospital-acquired (nosocomial) infections. It is
also one of the most frequent agents of bovine mastitis,
which has been a substantial economic problem to milk
producers worldwide.

Many biochemical and molecular methods have been used
in epidemiological investigations of human and bovine
staphylococcal infections (Hartstein ez al. 1989; Prevost

BB o/ 1991; Gurtler and Barrie 1995; Kapur ef al. 1995).

Due to their sensitivity and speed of performance, PCR-
based typing systems represent useful techniques for the
study of Staph. aureus of animal and hospital origin and for
monitoring their spread. RAPD-PCR is a useful tool for
molecular taxonomy studies, especially for phylogenetic
analysis among related individuals (Williams ez a/. 1990).
Another wvariation of PCR, which combines PCR and
ribotyping, is proving to be very useful for typing clinical
isolates. In this technique, polymorphism can be detected

Correspondence to: Dr M.S.V. Pereira, DBM/CCEN, Universidade Federal
da Paraiba, 58059-900 Jodo Pessoa (PB), Brazil
(e-mail: svieira@dbm.ufpb.br).
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based on variation of the length of bacterial 165-23S rDNA
spacer regions (Kostman ez al. 1992).

The purpose of this work was to perform molecular
typing of bovine and human Staph. aureus strains isolated in
Brazil, and to investigate their genetic diversity and
geographical dispersion to enable the monitoring of Staph.
aureus infections.

MATERIALS AND METHODS
Bacterial samples

Six strains (114 U, 122 U, 223 U, 233FN, 311FN and
319 U) of Staph. aureus were isolated from apparently
healthy lactating cows in farms situated in counties of the
semi-arid region of the State of Paraiba, Brazil (Pereira and
Siqueira-Janior 1995). Five human isolates (01H, 10cc,
117H, 184C and 189C) were obtained from the Universid-
ade Federal da Paraiba (UFPB) Hospital, Brazil (Santos-
Filho er al. 1994).

DNA preparation

Genomic DNA from the 11 Staph. awureus strains was
extracted according to Sambrook et al. (1989), except that
the cells were incubated at 60°C for 20 min with 10 ug
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lysostaphin and 50 ug proteinase K to lyse the cell walls.
The DNA obtained was quantified after electrophoresis in
1% agarose gels, using a known amount of Hind I1I-digested
bacteriphage 4 DNA.

RAPD-PCR typing

Preliminary assays were performed with Staph. aureus strain
319 U and 16, 10-base pair (bp) primers drawn for different
purposes, to select the primers that generated clear and
reproducible bands.

The amplifications were carried out, under low-stringency

conditions, using a thermocycler (Perkin Elmer) pro-

grammed for 30 cycles comprising one step of denaturation
for 1 min at 94°C, one step of annealing for 1 min at 36°C
and one step of extension for 2 min at 72°C, followed by a
final step of extension for 7 min at 72°C.

The reactions were prepared in a final volume of 25 ul
containing: 20 ng DNA template, 1 unit 7a2g DNA poly-

Blmerase armacia s mmo I1S— p ‘U,
(Ph ia), 10 1 17" Tris=HCl pH 9-0

3 mmol 17" MgCl,, 50 mmol 17! KCI, 200 umol 17" of
each ANTP and 20 pmol 17! of primer. Amplification
products were subjected to electrophoresis in 1:5% agarose
gels, Tris-borate buffer and a constant voltage of 100 V. The
molecular weight standard used to determine the sizes of the
amplified fragments was the 100 bp DNA marker. After
staining with ethidium bromide and visualization in a u.v.
transilluminator, the gels were photographed. A negative
control was included in each PCR run with no target DNA.
The reproducibility of the amplification results was evalu-
ated by repeating the PCR reactions at least three times on
different days.

The clearest and most reproducible bands were chosen for
determination of their presence or absence in each strain.
Faint bands which could not be systematically visualized
were not taken into account.

Ribotyping-PCR

One pair of primers, 5-TTGTACACACCGCCCGTCA-
3’ and 5-GGTACCTTAGATGTTTCAGTTC-3, which
were described by Kostman er al. (1992), was used in

this study. The reactions were prepared in a total volume
of 25 ul containing: 20 ng DNA, 1 unit 7ag DNA

I} olymerase (Pharmacia), 10 mmol 17! Tris-HCI pH 90,

50 mmol 17! KCI, 1-5 mmol 17" MgCl,, 200 gmol 17" of
cach ANTP and 20 pmol 17! of each primer. The DNA
was amplified during 30 cycles of PCR comprising one
step of denaturation for 1 min at 94°C, one step of
annealing for 1 min at 55°C, one step of extension at
72°C for 1 min, followed by a final step of extension for
4 min at 72°C. A negative control without DNA was
included. Samples (10 ul) of the PCR products were

analysed by electrophoresis in 1-5% agarose gels and visu-
alized as previously described.

RESULTS
RAPD-PCR typing

Sixteen primers were tested for their ability to yield the best
DNA banding (RAPD-PCR) pattern. Primers 786: 5-GCG

(a) 1 2 3 4 5 6 7 8 9 10 11 12

® 1 2 3 4 5 6 7 8 9 10 11 12

800

Fig. 1 RAPD-PCR profiles of amplification from Staphylococcus
aureus strains. Lane 1: 100 bp ladder DNA marker; lane 2: 01H; lane 3:
10cc; lane 4: 117H; lane 5: 184C; lane 6: 189C; lane 7: 114 U; lane 8:
122 U; lane 9: 223 U; lane 10: 233FN; lane 11: 311FN; lane 12: 319 U.
(a) Amplification with primer 786; (b) amplification with primer 797,
(c) amplification with primer 798
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ATCCCCA-3; 797: 5-AGCGTCACTG-3" and 798:
5-TGACCCGCC-3" were found to be the most appropri-
ate. They produced the clearest and most reproducible
bands with Staph. aureus strain 319 U DNA, and were
chosen for the RAPD-PCR assays to analyse the animal and
clinical isolates. The patterns generated by repetition of the
reactions on different days were similar.

Amplification of the 11 Staph. aureus strains by RAPD-
PCR with the chosen primers resulted in a polymorphic
pattern composed of several bands. A total of 22 different
RAPD-PCR patterns was produced with the three primers
used. Amplification with primer 786 resulted in three to six
clear bands in the range 400 to > 2000 bp (Fig. 1a); primer
797 generated one to three bands ranging from 1000 to
1800 bp (Fig. 1b), and primer 798 produced five to nine
bands from 1000 to > 2000 bp in all Staph. aureus strains
(Fig. 1c).

By combining the different amplification patterns
observed, the 11 Staph. aureus strains analysed could be
classified into nine different RAPD-PCR groups termed in
this work G1-G9. Table 1 shows the distribution of the 11
strains among the different groups.

Strains 117H, 122 U and 189C exhibited the same profile,
characterized by amplification of the same number of bands
specific for each of the three primers (Gl). Strain 319 U
showed a profile identical to the ones observed with these
strains with two primers, but a different pattern with primer
798 (G2). Strains 114 U, 10cc and 01H generated a pattern
similar to those strains with primer 797, but different
profiles with primers 798 and 786 (G3-G5). Strains 184C,
223 U 233FN and 311FN generated different patterns with
each primer (G6—-G9).

Although some of the strains analysed harboured plas-
mids, the primers used were unable to distinguish between
plasmid-bearing and non-plasmid-bearing strains.

Ribotyping-PCR

The amplification patterns obtained by this procedure were
stable and reproducible. Five to eight bands in the range of
approximately 650-1100 bp were generated. Figure 2 shows
an agarose gel with the ribotype-PCR patterns found in the
11 Staph. aureus strains.

Based on their respective amplification patterns, the 11
Staph. aureus strains could be classified into seven ribotypes
designated R1-R7. Table 2 shows the distribution of the 11
strains among the different ribotypes. R3 clustered the
highest number of strains (117H, 319 U and 189C),

1 2 3 45 6 7 8 9 10 11 12 13

¥

=S L LR LD
- - =

Fig. 2 Ribotype patterns of the 11 Staphylococcus aureus strains obt-
ained by ribotyping-PCR. Lane 1: 100 bp ladder DNA marker; lane 2:
01H; lane 3: 114 U; lane 4: 10cc; lane 5: 122 U; lane 6: 184C; lane
7: 311FN; lane 8: 223 U; lane 9: 233FN; lane 10: 117H; lane 11:

319 U; lane 12: 189C; lane 13: negative control

Table 1 Distribution of the Staphylococcus aureus strains according to the RAPD-PCR patterns obtained with the three primers

RAPD-PCR Groups Primer 798 Primer 786 Primer 797

Gl 117H, 122U, 189C 117H, 122U, 189C, 319U* 117H, 122U, 189C,
319U* 114U+, 10cct, 01HT

G2 319U* * *

G3 114U+ 114U+ +

G4 10ccT 10cct t

G5 01HT 01HT T

Go6 184C 184C 184C

G7 223U 223U 223U

GS8 233FN 233FN 233FN

G9 311FN 311FN 311FN

In bold, strains exhibiting the same pattern with the three primers.
*Strain exhibiting the G1 pattern with two primers.
TStrains exhibiting the G1 pattern with one primer.
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Table 2 Distribution of the Staphylococcus aureus strains according
to the ribotyping-PCR amplification patterns

Ribotypes (R) Staphylococcus aureus strains

R1 01H; 114U

R2 184C; 311FN

R3 117H; 319U; 189C
R4 10cc

R5 122U

R6 223U

R7 233FN

followed by R1 and R2 harbouring two strains each; R4-R7
contained only one strain each.

DISCUSSION

A number of procedures for the comparison of bacterial
isolates are proving to be important in investigations of
strain origin, clonal relatedness among strains and epidemi-
ology (Van Belkum ez al. 1995; Olive and Bean 1999; Van
der Zee et al. 1999). Molecular methods are now recognized
as more effective than the traditional methods of phenotyp-
ing for typing different organisms.

In view of the considerable genetic heterogeneity in
natural populations of Staph. aureus, appropriate systems of
typing are needed to determine the genetic structure of the
isolates, enabling a rational and effective strategy for
epidemiological control.

Molecular typing is essential for the characterization and
differentiation of Staph. aureus strains of human and animal
origin because they have different phenotypic characteris-
tics. Pereira and Siqueira-Janior (1995) showed that Staph.
aureus strains isolated from animals exhibit antibiotic
resistance patterns very different from those of human
origin. Furthermore, the frequency of resistance is low
among the bovine strains, while nosocomial strains exhibit a
high frequency of resistance.

Thus, in this work, the RAPD-PCR and ribotyping-PCR
techniques were used to investigate genetic polymorphism
among 11 Staph. aureus strains of bovine and human origin.

RAPD-PCR detected genetic heterogeneity among the
human and bovine Siaph. aureus strains. The 11 strains
analysed were classified into five to nine groups, according to
the primer employed. T'wo strains of human origin and one
isolate of bovine origin shared the same amplification profile
specific for each one of the three primers (117H, 189C and
122 U).

Traditional ribotyping has been used for the detection of
polymorphism in several micro-organisms and is a valuable
tool for taxonomy and the identification of complex species
(Laurent er al. 1996). However, technical difficulties, such

as the length of time required and the use of radioisotopes,
has limited its application.

Giirtler and Barrie (1995) used ribotyping-PCR to detect
polymorphism within Staph. aureus isolates. Polymorphism
was also observed in the present study and seven ribotypes
could be identified among the 11 strains studied. It is
interesting to note that three ribotypes included strains of
human and animal origin. The strains were of different
origin, which may suggest that certain clones of Staph.
aureus spread quickly.

The results confirmed the usefulness of RAPD-PCR and
ribotyping-PCR for typing Staph. aureus. Both techniques
can be used for detection of polymorphism in Staph. aureus.
Ribotyping-PCR detected seven ribotypes and nine groups
were detected by RAPD-PCR. The ribotyping-PCR tech-
nique has the advantage that it is less prone to variation
because it is specific and is performed under high-stringency
conditions. Therefore, these techniques constitute valuable
tools for tracing the sources of Staph. aureus infections of
either human or animal origin, and they will be very useful
for molecular epidemiology.
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RIBOTIPAGEM-PCR DE ISOLADOS CLINICOS DE Providencia alcalifaciens

M. Sobreira, N.C. Leal, C.J.T.L. Castro, A.M.P. Almeida.

Resumo

Providencia alcalifaciens vem sendo apontada, ha varios anos, como um dos
agentes causadores da diarréia desde que algumas vezes € encontrada como
organismo predominante ou mesmo como cultura pura em fezes diarréicas de
pacientes na auséncia de outros patdégenos intestinais, mas apenas
recentemente o seu papel como agente causador de gastroenterite foi
demonstrado. Esta espécie tem se mostrado muito heterogénea quanto ao
perfil plasmidial, padrdes de amplificagdo por RAPD-PCR e polimorfismo de
restricio do rDNA. Para avaliar a diversidade genética de isolados de P.
alcalifaciens da cidade do Recife, 72 amostras obtidas de casos humanos de
gastroenterite foram analisadas por Ribotipagem-PCR utilizando “primers”
descritos para sequéncias conservadas das regides 16S e 23S dos genes do
rRNA, para amplificar as regides espacadoras intergénicas. Os resultados
demonstraram grande polimorfismo genético entre as amostras estudadas que
estdo distribuidas em numerosos ribotipos. Essses dados apontam a eficacia

da técnica como ferramenta epidemiolégica para P. alcalifaciens.
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Introducao

Providencia alcalifaciens vem sendo considerada como um dos agentes
causadores de diarréia, desde que algumas vezes € encontrada como
organismo predominante ou mesmo como cultura pura em fezes diarreicas de
pacientes, principalmente criangas, na auséncia de outros patogenos intestinais
[1 - 4]. No entanto, foi descrita como uma bactéria comensal do trato
gastrointestinal que exarceba durante infec¢gdes causadas por virus ou outros
agentes bacterianos, sendo por muito tempo questionado o seu papel na

doenca diarreica [5].

Sua importancia clinica aumentou apos ter sido apontada como agente da
“diarréia dos viajantes britanicos” [6]. Recentemente, por ocasido de um grande
surto de infecgao alimentar ocorrido entre criancas e professores de escolas da
cidade de Fukui-Japao por P. alcalifaciens, seu papel como agente causador

da gastroenterite foi novamente evidenciado [7].

A transmissdo se da por via oral, pela ingestdo de agua ou alimentos
contaminados por fezes. Os fatores de viruléncia e os mecanismos de
patogenicidade em P. alcalifaciens ainda sdo pouco conhecidos, supde-se que
a habilidade invasiva em células evidenciada in vivo e in vitro esteja envolvida
no mecanismo de viruléncia dessa bactéria [8 -10, 4, 7]. Entretanto esta
caracteristica nao € exibida por todos os isolados de origem diarréica [11],

sendo demonstrada também por isolados de origem n&o diarréica [3].

P. alcalifaciens é uma espécie fenotipicamente muito heterogénea
apresentando dois biogrupos, dois zimotipos, varios sorogrupos e diversos
bacteriocinotipos [5, 12, 13]. Esta heterogeneidade é reforgada pela ocorréncia
de perfis plasmidiais variados, além do polimorfismo no padrao de RAPD-PCR

e polimorfismo de restricdo do rDNA [12, 14, 15].
Diante da consideravel heterogeneidade descrita em P. alcalifaciens, sistemas

de tipagem s&o necessarios para a determinacdo da estrutura genética e

monitoramento epidemioldgico deste agente. A grande variabilidade de
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padrdoes de restricdo do rDNA demonstrada nas espécies do grupo Proteus-
Providencia e em particular em P. alcalifaciens sugere a ribotipagem como um
método muito sensivel para investigacdes epidemioldgicas aplicadas ao estudo

de infecgdes causadas por esse agente [15].

A ribotipagem tem sido proposta como uma ferramenta importante para
analises taxonOmicas e epidemioldgicas em bactérias [16]. Esta técnica tem
sua aplicagdo limitada por ser trabalhosa envolvendo clivagem do DNA,
“Southern blotting” e hibridizagdo com sonda. Uma outra técnica que envolve a
PCR baseia-se na amplificagdo dos genes ribossomais, que codificam o rRNA
16S ou 23S e é muito utilizada para identificacées ao nivel de espécie [17, 18]
mas, nao se presta para subtipagens. A utilizagdo de “primers” que amplificam
a regido espacgadora intergénica (ISR), em especial a que esta localizada entre
os genes que codificam os rRNA 16S e 23S, gera perfis de amplificagdo que
sao utilizados para identificacdo de eubactérias e para subtipagem de muitos

géneros bacterianos [19, 20].

O objetivo deste trabalho foi analisar isolados de P. alcalifaciens obtidos na
cidade do Recife, através da técnica de Ribotipagem-PCR para avaliar a

diversidade genética entre as amostras.
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Materiais e métodos

Bactérias e condi¢ées de cultivo

Um total de 72 amostras de P. alcalifaciens isoladas de fezes diarréicas de
casos humanos de gastroenterite foram analisadas. As culturas foram obtidas
de um laboratério privado da cidade do Recife, Brasil durante o periodo de
1994 a 1997, e conservadas na Bacterioteca do CPgAM. Para este trabalho
foram renovadas por repique em caldo infuso de cérebro e coragdo (Brain
Heart Infusion broth, Difco: BHI) por 18 horas, incubadas a 37°C e plaqueadas
em gelose peptonada (Blood Agar Base, Difco: BAB).

Extragcdo do DNA gendmico

O DNA gendmico das culturas foi extraido segundo protocolo baseado em
Maniatis et al. [21] e quantificado apds eletroforese em gel de agarose a 1%,
usando para comparagao uma quantidade conhecida do DNA do fago lambda

clivado com a enzima Hind Ill.

Amplificacdo das regibes espacadoras intergénicas (ISRs) dos genes do rRNA
16S-23S

Foi utilizado um par de “primers” desenhado por Chun et al. [20] para amplificar
as regides espacgadoras intergénicas (ISRs) dos genes do rRNA 16S e 23S: 5'-
TTTCTGCAGYGGNTGGATCACCTCCTT-3 e 5'-
ACGAATTCTGACTGCCMRGGCATCA-3'.

As reacgdes foram preparadas em um volume total de 25ul por tubo, contendo
20ng de DNA gendmico, 40 pmol de cada “primer”’, 50mM de KCI e 10mM de
Tris-HCI (pH 8,0), 0,16mM de cada desoxinucleotideo trifosfato (dNTP-
Pharmacia), 1,5mM de MgCl,, 1U da enzima Tag DNA polimerase (Pharmacia).
As amplificagdes foram realizadas em um termociclador (Biometra) programado
para uma etapa de desnaturagéo inicial a 94°C por 2 minutos e 30 ciclos
correspondendo cada ciclo a uma etapa de desnaturacdo do DNA por 1 minuto

a 94°C, seguida do anelamento de 1 minuto a 50°C e alongamento de 1,5
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minuto a 72°C, terminando com uma etapa de alongamento final de 10 minutos
a 72°C. Um controle negativo sem DNA foi incluido. Os produtos de
amplificagdo foram separados por eletroforese em gel de agarose 1,5% em
tampao Tris-Borato e voltagem constante de 100V, corados com brometo de
etidio (15mg/ml) e visualizados em transiluminador de luz ultravioleta. Como
padrdao de peso molecular foi utilizado o “100 base-pair DNA ladder’

(Amersham Pharmacia Biotec).

Ribotipagem diretamente das culturas em caldo

Neste ensaio uma aliquota de 200ul de cada cultura em caldo foi centrifugada e
o sedimento ressuspenso em 20ul de agua deionizada estéril, fervido em
banho-maria por 10 minutos, para lisar as células e expor o material genético, e

utilizados 10ul dos lisados diretamente nas reagdes de PCR.

Avaliagdo da estabilidade dos padrées de ribotipagem em colbnias suspensas

em agua

A partir da cultura de duas amostras (Pa. 01 e Pa. 02) crescidas em placas de
BAB, foram realizados reagdes de amplificacao utilizando 2, 4, 6 e 10 unidades
formadoras de colénias (UFC) suspensas em 20ul de agua deionizada estéril.
As suspensbes foram fervidas por 10 minutos em banho-maria e 10ul dos

lisados aplicados diretamente nas reagdes de PCR.
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Resultados e discussao

O polimorfismo do padréao de restricido do rDNA tem sido usado para tipagem
de varias espécies de bactérias patogénicas, mas seu poder discriminatério
varia de espécie para espécie. Em Serratia marcescens e Yersinia
enterocolitica € altamente discriminatoria [22, 23], mas ndo tem capacidade
discriminatéria em Salmonella [24]. Em P. alcalifaciens é indicado como um

meétodo sensivel para investigagcdes epidemiologicas [15].

Neste estudo, um total de 72 amostras de P. alcalifaciens foram analisadas
através da técnica de Ribotipagem-PCR utilizando um par de “primers”
desenhados para amplificar as regides espagadoras intergénicas 16S-23S do
rRNA [20].

Inicialmente foi realizada a ribotipagem com o DNA gendmico extraido de seis
amostras. Os padrdes de amplificacado revelaram-se muito polimérficos, quanto
ao tamanho e ao numero de segmentos (bandas) amplificados. Observou-se a
amplificacdo de trés a sete bandas de tamanho variando entre 500 a 1600 pb
(Figura 1). Os diferentes perfis permitiram a distribuicdo das culturas em cinco
ribotipos (Tabela 1).

A ribotipagem por PCR, apesar de mais simples e de mais facil execucéo que a
ribotipagem que emprega o perfil de restricdo, ainda € uma técnica trabalhosa
quando é realizada a partir do DNA extraido das culturas. Alguns trabalhos
mostram que a amplificagao diretamente de culturas crescidas em caldo, e em

coldnias crescidas nas placas e suspensas em agua é factivel [25, 26].

Visando simplificar a técnica e diminuir seu custo para analisar maior numero
de amostras, foi realizado um ensaio para verificar a possibilidade de realizar
as reacgdes diretamente das culturas crescidas em caldo em seis amostras.
Nao houve amplificagdo em nenhuma das amostras, possivelmente pela acao
impediente exercida pelo meio de cultura, visto que a PCR pode ser inibida por
constituintes do meio de cultura ou por componentes presentes no material
biologico [27].
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Em contrapartida, nos ensaios realizados diretamente das colbnias crescidas
em placas houve amplificagdo a partir dos diferentes numeros de colbnias (2, 4,
6 e 10 colbénias) de uma mesma cultura, nas duas amostras (Pa. 1 e Pa. 2) e os
padrées de amplificagdo foram similares (Figura 2). O padréo de amplificacéo
obtido na reacdo com quatro colbnias foi considerado o mais satisfatorio por
apresentar maior nitidez e clareza dos fragmentos amplificados favorecendo a
anadlise das bandas amplificadas. Foi observado que a PCR se torna mais
especifica em presenca de concentragdes adequadas do DNA molde,
enquanto que, a presenca de elevadas concentracbes de DNA tende a diminuir

a especificidade da reacgao.

Com esses resultados foram usadas quatro colbnias de cada cultura para
ribotipagem das 72 amostras. Nas amplificacbes obtidas diretamente das
col6nias, observou-se amplificagdo de uma a sete bandas de tamanho variando
entre 450 a 1800 pb. Com base nos seus respectivos padroes de amplificacéo,
as 72 amostras foram classificadas em 34 ribotipos. A Tabela 1 mostra a
distribuicdo das amostras em cada ribotipo e a Figura 3 (a, b) mostra um gel de

agarose representativo dos 34 ribotipos.

Estes resultados confirmam a grande heterogeneidade genética de P.
alcalifaciens, demonstrada anteriormente em outros estudos que descrevem
perfis plasmidiais muito heterogéneos, desde cepas sem plasmideos a cepas
com cinco plasmideos, um polimorfismo no padrdo de RAPD-PCR [11] e uma
heterogeneidade de ribotipos através da analise combinada de paddes de

ribotipagem obtidos com diferentes enzimas de restricao [14, 15].

Em contraste com esta heterogeneidade, foi observada grande homogeneidade
através de PFGE em culturas isoladas de um surto de infeccdo alimentar no
Japao [7]. Esta diferenca deve-se ao fato que as culturas analisadas no
presente estudo e por outros autores terem sido isoladas de casos esporadicos
de gastroenterite. Por outro lado, a analise genética dos isoladas de casos
esporadicos revela uma relagdo clonal entre as culturas que apresentam

capacidade invasiva indicando a existéncia de clones especificos responsaveis
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pela propriedade invasiva que sao distribuidos endemicamente nas populagdes
estudadas [11, 14].

Em conclusao, as 72 amostras analisadas neste trabalho apresentaram grande
diversidade genética com padrées de amplificagcdo muito polimorficos. A
ribotipagem por PCR demonstrou uma grande capacidade discriminatéria em
P. alcalifaciens e simplicidade na execucéo, podendo ser realizada diretamente
de colbnias crescidas em placas de BAB. Esses dados apontam a eficacia da

técnica como ferramenta epidemioldgica para P. alcalifaciens.

43



Sobreira, M. Andlise das regibes espagadoras ...

Referéncias

1.

Sen R. Isolation of strains of Providence group from cases with diarrhoea in
Ibadan, Nigeria, West Africa. Indian J Med Res 1962; 50:622-626.

. Albert MJ, Faruque AS, D. Mahalanabis. Association of Providencia

alcalifaciens with diarrhea in children. J Clin Microbiol 1998; 36:1433-1435.

. Guth BEC, Perrella E. Prevalence of invasive ability and other virulence-

associated characteristics in Providencia alcalifaciens strains isolated in Sao
Paulo, Brazil. J Med Microbiol 1996; 45:459-462.

. Magalhaes V, Leal NC, Melo VM, Sobreira M, Magalhdes M. Invasion of

HelLa cells by Providencia alcalifaciens presumably is plasmid-encoded.
Mem Inst Oswaldo Cruz 1996; 91:767-768.

. Penner JL. Genus XII. Providencia Ewing 1962. In N.R. Krieg & J.G. Holt

(eds) Bergey's Manual of Systematic Bacteriology. The Williams and Wilkins,
Baltimore.1984: 494-496.

Haynes J, Hawkey PM. Providencia alcalifaciens and travellers' diarrhoea.
Br Med J 1989; 299:94-95.

Murata T, lida T, Shiomi Y, Tagomori K, Akeda Y, Yanagihara |, Mushiake
S, Ishiguro F, Honda T. A large outbreak of foodborne infection attributed to
Providencia alcalifaciens. Journal of Infectious Diseases.2001;184:1050-
1055.

Albert MJ, Alam K, Ansaruzzaman M. et al. Pathogenesis of Providencia
alcalifaciens-induced diarrhoea. Infect Immun 1992; 60:5017-5024.

. Albert MJ, Ansaruzzaman M, Bhuiyan NA, Neogi PK, Faruque AS.

Characteristics of invasion of HEp-2 cells by Providencia alcalifaciens. J Med
Microbiol 1995; 42:186-190.

10.Mathan MM, Mathan VI, Albert MJ. Electron microscopic study of the

attachment and penetration of rabbit intestinal epithelium by Providencia
alcalifaciens J Pathol 1993; 171:67-71.

11.Sobreira M, Leal NC, Magalhdes M, Guth BEC, Almeida AMP. Molecular

analysis of clinical isolates of Providencia alcalifaciens. J Med Microbiol
2001;50:29-34.

12.Ewing WH, Davis BR, Sikes JV. Biochemical characteristics of Providencia.

Public Health Lab 1972; 30:25-28.

44



Sobreira, M. Andlise das regibes espagadoras ...

13.Picard B, Picard-Pasquier N, Krishnamoorthy R, Goullet P. Correlation
between DNA polymorphism and enzyme polymorphism argues in favour of
the delineation of two species within Providencia alcalifaciens. Res Microbiol
1991; 142:965-969.

14.Guth BEC, Irino K, Trabulsi LR. Clonal structure of Providencia alcalifaciens
strains isoleted from diarroeal stools in Sdo Paulo, Brazil. J Med Microbiol
1999; 48:205-209.

15.Pignato S, Giammanco GM, Grimont F, Grimont PAD, Giammanco G.
Molecular characterization of genera Proteus, Morganella, and Providencia
by ribotyoing. J Clin Microbiol 1999; 37:2840-2847.

16.Grimont F, Grimont PAD. Ribosomal ribonucleic acid gene restriction
patterns as potential taxonomic tools. Ann Inst Pasteur Microbiol 1998;
137B:165-175,

17.Ibraim A, Goebel BM, Liesack W, Griffiths M, Stackebrandt. The phylogeny
of genus Yersinia based on 16S rDNA sequences. FEMS Microbiol Lett
1993; 114:173-178.

18.Trebesius K, Harmsen D, Rakin A, Schmelz J, Heesemann J. Development
of rRNA- targeted PCR and in situ hibridization with fluorescently labeled
oligonucleotides for detection of Yersinia species. J Clin Microbiol 1998;
36:2557-2564.

19.Kostman JR, Edlind, TD, LiPuma JJ, Stull TL. Molecular epidemiology of
Pseudomonas cepacia determined by polymerase chain reaction ribotyping.
J Clin Microbiol 1992; 30:2082-2087.

20.Chun J, Hug A, Colwel RR. Analysis of 16S-23S rRNA intergenic spacer
regions of Vibrio cholerae and Vibrio mimicus. Appl Environ Microbiol 1999;
65:2202-2208.

21.Maniatis T, Frisch EF, Sambrook J. Molecular cloning: a laboratory manual.
Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. 1982: 368-369.

22.Chetoui H, Delhalle E, Osterrieth P, rousseaux D. Ribotyping for use in study
molecular epidemiology of Serratia marcescens: comparison with biotyping. J
Clin Microbiol. 1995; 33:2637-2642.

23.lteman |, Guiyoule A, Carniel E. Comparission of three molecular methods
for typing and subtyping pathogenic Yersinia enterocolitica strains. J Med
Microbiol 1996; 45:48-56.

45



Sobreira, M. Andlise das regibes espagadoras ...

24 Liebisch B, Schwarz S. Molecular typing of Salmonella enterica subsp.
enterica serovar Enteritidis isolates. J Med Microbiol 1996; 44:52-59.

25.Graf J. Diverse restriction fragment length polymorphisms patterns of PCR-
amplified 16S rRNA genes in Aeromonas veronii strains and possible
misidentification of Aeromonas species. . J Clin Microbiol 1999; 37:3194-
3197.

26.Gruner E, Felpp M, Gabathuler U, Thong KL, Altwegg M. Outbreak of
typhoid fever in a non-endemic area:comparision of molecular typing
methods. J Microbiol Methods 1997; 28:179-185.

27.Rossen L, Norskov P, Holmstrom K, Rasmussen OF. Inhibition of PCR by
components of food samples microbial diagnostic assays and DNA-
extractions solutions. Int J Food Microbiol 1992;17:27-45.

46



Sobreira, M. Andlise das regibes espagadoras ...

Tabela 1. Distribuicdo das amostras de Providencia alcalifaciens

nos diferentes ribotipos.

Ribotipos (R) Providencia alcalifaciens
R1 Pa. 01*, Pa. 02*
R2 Pa. 03*, Pa. 07, Pa. 08
R3 Pa. 05*, Pa. 09
R4 Pa. 04*
R5 Pa. 06*
R6 Pa.10
R7 Pa. 11
R8 Pa. 12
R9 Pa.13, Pa.14, Pa. 15
R10 Pa. 16
R11 Pa. 17, Pa. 18, Pa. 19, Pa. 20, Pa. 21, Pa. 22, Pa. 41
R12 Pa.23, Pa. 24, Pa.25
R13 Pa. 26
R14 Pa. 28, Pa. 29, Pa.30
R15 Pa. 31, Pa.32, Pa.33, Pa. 34, Pa.35
R16 Pa. 36
R17 Pa. 37
R18 Pa. 38
R19 Pa. 39
R20 Pa. 40
R21 Pa. 42, Pa. 48, Pa. 52
R22 Pa. 44
R23 Pa. 45, Pa.47
R24 Pa. 46
R25 Pa. 49, Pa.50, Pa. 51, Pa. 53
R26 Pa. 55, Pa. 56, Pa.58, Pa. 59
R27 Pa. 57
R28 Pa. 60
R29 Pa. 61
R30 Pa. 62, Pa.68, Pa. 71, Pa. 72, Pa. 75
R31 Pa. 63, Pa.64
R32 Pa. 65, Pa.67, Pa. 69 e Pa. 74
R33 Pa. 66
R34 Pa. 70, Pa.73

*- Amostras analisadas a partir do DNA extraido e diretamente das coldnias crescidas em

placas.
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800 pb —>

Figura 1. Gel de agarose 1,5% das amplificagbes geradas por
Ribotipagem-PCR a partir do DNA extraido das amostras de
Providencia alcalifaciens. Linhas, M: DNA-ladder 100 pb; 1: Pa. 01;
2: Pa. 02; 3: Pa. 03; 4: Pa. 04; 5: Pa. 05; 6: Pa. 06.
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Figura 2. Gel de agarose 1,5% das amplificacbes geradas por
Ribotipagem-PCR a partir do lisado de colénias retiradas do meio
solido e suspensas em agua das amostras de Providencia
alcalifaciens. Linhas, M: “100pb DNA Ladder”; 1: Pa. 01 (DNA); 2:
Pa. 01 (2 col.); 3: Pa. 01 (4 col.); 4: Pa. 01 (6 col.); 5: Pa. 01 (10
col.); 6: Pa. 02 (DNA); 7: Pa. 02 (2 col.); 8: Pa. 02 (4 col.); 9: Pa. 02
(6 col.); 10: Pa. 02 (10 col.).
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Figura 3. (a, b). Géis de agarose 1,5% representativo das
amplificagcbes geradas por Ribotipagem-PCR de cepas de
Providencia alcalifaciens. Linha, M: “100pb DNA Ladder”; (a)-
Linhas, 1: Pa. 01; 2: Pa. 03; 3: Pa. 04; 4: Pa. 05; 5: Pa. 06; 6: Pa.
10; 7: Pa. 11; 8: Pa. 12; 9: Pa. 13; 10: Pa. 16; 11: Pa. 17; 12: Pa.
18; 13: Pa. 19; 14: Pa. 20; 15: Pa. 21. (b)- Linhas, 1: Pa. 22; 2: Pa.
23; 3: Pa. 24; 4: Pa. 26; 5: Pa. 28; 6: Pa. 29; 7: Pa. 33; 8: Pa. 34; 9:
Pa. 35; 10: Pa. 36; 11: Pa. 37; 12: Pa. 38; 13: Pa. 39; 14: Pa. 40;
15: Pa. 41.
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ANALISE DA REGIAO ESPAGCADORA INTERGENICA DO rRNA 16S-23S EM
AMOSTRAS DE YERSINIAS PATOGENICAS

M. Sobreira, N.C. Leal, A.M.P. Almeida.

Resumo

O género Yersinia contém trés espécies patogénicas para animais e
humanos: Y. pestis, Y. pseudotuberculosis e Y. enterocolitica. As duas
primeiras s&do altamente relacionadas, sob o aspecto genético, sendo
consideradas uma unica espécie gendmica, enquanto que Y. enterocolitica é
mais divergente. “Primers” descritos para sequéncias conservadas das regides
do terminal 3’ do rDNA 16S e 5’ do rDNA 23S foram utilizados para amplificar
as regides espagadoras intergénicas dessas espécies. As culturas de Y. pestis
e Y. pseudotuberculosis analisadas exibiram o mesmo perfil de amplificacio.
Os “amplicons” obtidos foram analisados através das técnicas de
sequenciamento e perfil de restricdo. As sequéncias de nucleotideos dos
“amplicons” das duas espécies, demonstraram um elevado indice de
similaridade exibindo os mesmos tipos e numeros de tRNAs; a clivagem dos
“amplicons” com a enzima Alu |, demonstrou um polimorfismo entre elas,
indicando que apesar da similaridade observada quanto ao numero e tipos de
tRNAs, codificados estas duas espécies apresentam variagcdo nas regides
espagadoras do rRNA 16S-23S. Por outro lado, as amostras de Y.
enterocolitica analisadas mostraram quatro perfis de ribotipagem distintos,
evidenciando um polimorfismo genético. Estes dados reforcam a identidade
genética observada entre Y. pestis e Y. pseudotuberculosis e a relacionam a
evolucdo de Y. pestis, que supbe-se ser, um clone derivado de Y.

pseudotuberculosis.
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Introducgao

O género Yersinia, membro da familia Enterobacteriaceae, contém 11
especies, das quais trés sao patdogenos humanos: Y. pestis, agente causador
da peste bubdbnica; Y. pseudotuberculosis e Y. enterocolitica, que sao
enteropatdogenos. A patogenicidade nestas trés espécies € mediada por um
plasmideo comum o pYV (~70 kb) (6). Além deste as cepas tipicas de Y. pestis
abrigam mais dois plasmideos de viruléncia: o pFra (100 kb) e o pPst (9,5 kb)
(22).

A peste é uma doenca primariamente de roedores e a transmissao se da
através da picada de pulgas infectadas. O homem contamina-se
acidentalmente, ao entrar em contato com os roedores ou outros animais
infectados e suas pulgas. Trés grandes pandemias bem caracterizadas foram
registradas durante a era Cristd. A primeira pandemia, denominada "Peste de
Justiniano" (542-602 d.C) teve inicio na Africa Central se estendeu para o Egito
e estima-se que chegou a matar 100 milhdes de pessoas. A segunda pandemia
ou Peste Negra, iniciou na Asia e estendeu-se por toda a Europa e parte do
Norte da Africa, persistiu do século XIV ao século XVIII e matou um quarto da
populacdo européia. A terceira pandemia ou pandemia Contemporanea, teve
inicio na China estendendo-se para Hong Kong em 1894 e de la se espalhou
para todos os continentes, através do transporte maritimo (22).

No Brasil, a peste chegou em 1899, inicialmente infectou varias cidades
litoraneas, de onde foi eliminada através de medidas sanitarias adequadas e
focalizou-se entre os roedores silvestres, na area rural, principalmente na
regido Nordeste permanecendo até o presente (27, 28).

Y. pestis, caracteriza-se por apresentar um baixo numero de reacdes
bioquimicas positivas e uma grande homogeneidade, com um unico sorotipo,
um fagotipo, e trés biovar ou variedades geograficas: Antiqua, Medievalis e
Orientalis, que se distinguem pela capacidade de fermentar o glicerol e de
reduzir o nitrato a nitrito; cada variedade foi considerada remanescente da
primeira, segunda e terceira pandemias, respectivamente (4). A

homogeneidade observada na Y. pestis surpreende pelo fato desta bactéria
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adaptar-se a diferentes tipos de hospedeiros (roedores, homem), diversas
especies de pulgas, bem como diferentes regides geograficas (4).

Resultados de hibridizacdo de DNA-DNA (3) mostraram que Y. pestis e
Y. pseudotuberculosis sao fortemente relacionadas por apresentarem mais de
90% de homologia, contra apenas 48% entre essas duas espécies e Y.
enterocolitica. Em virtude destas semelhancgas foi proposto que Y. pestis e Y.
pseudotuberculosis fossem reclassificadas em uma sé espécie com duas
subespécies (3). Entretanto, devido as diferengas quanto ao modo de
transmissao, quadro clinico, nivel de patogenicidade e de biosseguranca a
separacao das duas espécies foi mantida. A comparacdao de sequéncias de
genes homologos como os genes do rRNA 16S e genes reguladores e
estruturais do lipopolissacarideo (LPS), de Y. pestis e Y. pseudotuberculosis
revelam uma similaridade na sequéncia de nucleotideos de 97 a 99,7% (1, 12).
Esses resultados sugerem que Y. pestis € um clone de uma cepa de Y.
pseudotuberculosis, provavelmente sorotipo O:1b, que surgiu entre 1.500 a
20.000 anos atras (1, 25). A razdo das diferencas na viruléncia dessas duas
espécies vem sendo alvo de muitos estudos; varios genes presentes nas duas
espécies estado ativos em Y. pseudotuberculosis mas, mutados em Y. pestis
(24, 25).

Entretanto, estudos recentes mostram que Y. pestis ndo é totalmente
uniforme, o seu genoma é rico em sequéncias de insergéo (IS) que favorecem
mutacdes através de delecdes das ISs além de integracdo dos plasmideos ao
cromossoma, indicando frequentes recombinagdes intragenémicas (20).
Analises do perfil de restricdo com a localizagdo dos genes de 1IS700 (1) e do
rRNA, revelam uma variabilidade relacionada com as trés variedades
geograficas (8). Com base no polimorfismo dos fragmentos de restricdo dos
genes do rRNA, foram inicialmente identificados 16 ribotipos distintos em
amostras de Y. pestis de diferentes focos do mundo (8). Posteriormente foi
detectada a emergéncia de quatro novos ribotipos que surgiram recentemente
durante um surto de peste na india (1 ribotipo), e outros trés que surgiram em
anos diferentes durante o atual surto de peste em Madagascar (9), sugerindo
que perfis distintos do gene do rRNA podem se desenvolver em um curto
periodo de tempo (menos de meio século), em uma area geografica especifica.

As regides espacadoras intergénicas (ISRs), especialmente as que estdo
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localizadas entre as regides 16S e 23S dos rDNAs, sofrem uma menor pressao
evolucionaria, logo apresentam uma maior variagdo genética que as regides
que codificam o rRNA (5).

Nosso objetivo foi investigar o polimorfismo das ISRs de amostras de Y.
enterocolitica e Y. pseudotuberculosis e analisar amostras de Y. pestis de
diferentes periodos epidemiologicos para verificar se a necessidade de
adaptacao aos diversos hospedeiros (homem, varias espécies de roedores e
pulgas) nos diferentes focos brasileiros, teve alguma influéncia sobre a

evolugao de Y. pestis no Brasil.
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Materiais e Métodos

Bactérias e condicdes de cultivo. Para este trabalho foram utilizadas 35
cepas de Y. pestis dos focos de peste do Nordeste do Brasil isoladas de casos
humanos, de diferentes espécies de pulgas e de roedores, no periodo de 1966
a 1997, oito cepas originadas de outros paises (Tabela 1), duas cepas de Y.
pseudotuberculosis (YP 1553 0O:6, YP 2944 0O:3) e nove cepas de Y.
enterocolitica (Tabela 2).

As culturas foram reativadas pelo semeio em caldo (Brain Heart Infusion
broth, Difco: BHI) incubadas a 28°C por 48 horas e em seguida plaqueadas em
meio gelose (Blood Agar Base, Difco: BAB). A identificacdo e a pureza das

culturas de Y. pestis foram confirmadas pela sensibilidade ao fago antipestoso

(2).

Testes de fermentacao do glicerol e reducao do nitrato. Para verificar a
capacidade de fermentar o glicerol e reduzir o nitrato a nitrito das culturas de Y.
pestis, 100 pl de cultura em BHI, crescida a 28 °C por 24 horas, foi inoculado
em caldo (Phenol red broth, Difco) contendo glicerol (1%), incubado a 28°C por
sete dias, e em caldo (Nutrient broth, Difco) contendo nitrato de potassio (KNO;
1%), incubado a 28°C por 72 horas (2).

Extracio do DNA genémico. O DNA gendmico das culturas foi extraido
segundo protocolo baseado em Maniatis et al. (18) e quantificado apds
eletroforese em gel de agarose a 1%, usando para comparagdao uma

quantidade conhecida do DNA do fago lambda clivado com a enzima Hind .

Amplificagao das regides espacadoras intergénicas (ISRs) dos genes do
rRNA 16S-23S. Foram utilizados dois conjuntos de “primers” desenhados com
base nas sequéncias complementares das regides conservadas dos genes dos
rRNAs 16S e 23S de varias espécies bacterianas (10). Os “primers”: 5'-
TTGTACACACCGCCCGTA-3' e 5-GGTACCTTAGATGTTTCAGTTA-3' (14),
foram utilizados nas amplificacées com o DNA de todas as amostras. Outro par
de “primers” (5): 5-TTTCTGCAGYGGNTGGATCACCTCCTT-3' (regiao

sublinhada indica um sitio de restricio para Pstl) e 5-
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ACGAATTCTGACTGCCMRGGCATCA-3’ (regiao sublinhada indica um sitio de
restricdo para EcoRI), foi utilizado para amplificar as ISRs para posterior
sequenciamento.

As reagdes foram preparadas em um volume total de 25ul por tubo,
contendo 20ng de DNA gendémico, 50mM de KCI e 10mM de Tris-HCI (pH8,0),
0,16mM de cada desoxinucleotideo trifosfato (dNTP-Pharmacia), 1,5mM de
MgCl,, 1U da enzima Tag DNA polimerase (Pharmacia) e 20pmol de cada
“primer”, nas reagdes com os “primers” descritos por Kostman et al. (14) e
submetidas a amplificagdo em um termociclador (Perkin Elmer) programado
para 30 ciclos segundo descrito por Pereira et al., (2002). Nas reagdes com 0s
“primers” descritos por Chun et al. (5) foram utilizados 40 pmol de cada “primer”
e o0s demais componentes nas concentracdes descritas anteriormante, as
reagcdes foram realizadas em um termociclador (Biometra) programado para
uma etapa de desnaturacdo inicial a 94°C por 2 minutos e 30 ciclos
correspondendo cada ciclo as etapas de: desnaturagao do DNA por 1 minuto a
94°C, seguida do anelamento de 1 minuto a 50°C e alongamento de 1,5 minuto
a 72°C, terminando com uma etapa de alongamento final de 10 minutos a
72°C. Um controle negativo sem DNA foi incluido. Os produtos de amplificagao
foram separados por eletroforese em gel de agarose 1,5% em tampao Tris-
Borato e voltagem constante de 100V, corados com brometo de etidio (15
mg/ml) e visualizados em transiluminador de luz ultravioleta. Como padréo de
peso molecular foi utilizado o “100 base-pair DNA ladder” (Amersham

Pharmacia Biotec).
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Clivagem dos produtos de amplificagao das ISRs. Os produtos de
amplificagcdo do DNA das culturas de Y. pestis P. CE 882; P. EXU 384, EV 76,
PKR 684, da YP 2944 (Y. pseudotuberculosis) e da Ye 40 (Y. enterocolitica)
com o conjunto de “primers” descrito por Kostman et al. (14), foram purificados
com fenol-cloroférmio-alcool isoamilico (25:24:1), precipitados com etanol
(100%) a -20°C por 30 minutos, quantificados nas condigdes descritas
anteriormente, e em seguida clivados com as enzimas Alu |, Hpa ll, Msp | e
Mbo | em tampdes recomendado pelo fabricante (Amersham Pharmacia
Biotec), a 37°C por 24 horas. Os produtos da clivagem foram analisados apos

eletroforese em gel de agarose a 1,5% nas condi¢des descritas anteriormente.

Purificagao dos segmentos das ISRs amplificados. Os segmentos das ISRs
amplificados a partir do DNA das culturas de Y. pestis: P. EXU 788, P. EXU
792, P. CE 882, PKR 684 e P. Peru 375, e da YP 2944 (Y. pseudotuberculosis)
com os “primers” descritos por Chun et al. (5), foram separados por
eletroforese em gel de agarose 1,5%, recortados do gel e purificados com o kit
“Concert gel extraction systems” (Life Technologies-GIBCO BRL) conforme
instrugdes do fabricante. Os “amplicons” das ISRs purificados das culturas PKR
684, P. Peru 375 e YP 2944, foram utilizados para sequenciamento direto, sem

envolver clonagem.

Clonagem. Os “amplicons” purificados das culturas: P. EXU 788, P. EXU 792,
P. CE 882, foram clivados com as enzimas Pstl e EcoRl em tampao NE3
(Amersham Pharmacia Biotec) a 37°C por 12 horas e incubados por 15 minutos
a 70°C, para inativar as enzimas. Os fragmentos ISRs digeridos, foram
clonados em um plasmideo vetor pré-digerido PTZ 18R (Pharmacia Biotec), e
recircularizado por acdo da enzima T4 DNA ligase (Amersham Pharmacia
Biotec). Células competentes, Escherichia coli DH5 o, foram transformadas por
choque térmico com os plasmideos contendo as diferentes ISRs, os clones
recombinantes foram selecionados, em meio Agar LB IPTG-X-Gal contendo
ampicilina (100ug ml™"), de acordo com o procedimento padrdo de coldnias
brancas ou azuis (23). Os clones selecionados foram crescidos em caldo LB

(Luria Bertani broth, Difco: LB) contendo ampicilina (100pg mi™), e os
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plasmideos contendo os fragmentos foram extraidos em maxi-preparagdes
segundo Sambrook et al. (23) e purificados com o “kit Concert high purity
plasmid purification systems” (Life Technologies-GIBCO BRL). O tamanho dos
insertos foi confirmado em gel de agarose 1% apos o tratamento com EcoRI -
Pstl.

Sequenciamento. As sequéncias de nucleotideos dos fragmentos das ISRs
clonados e néo clonados foram determinadas empregando os “Kits Auto read
sequencing” e “Thermo sequenase Cy5 Dye terminator cycle sequencing”,
respectivamente (Amersham Pharmacia Biotec) em um seqlenciador
automatico “ALFexpress DNA sequencing” (Amersham Pharmacia Biotec).
Para os fragmentos das ISRs n&o clonados foi empregado um dos “primers”
(5’-TTTCTGCAGYGGNTGGATCACCTCCTT-3) utilizados na reagao de
ribotipagem por PCR.

Analise das sequéncias. As sequéncias de nucleotideos obtidas foram
analisadas utilizando os programas de pesquisa “online” BLAST

(http://www.ncbi.nlm.nih.gov/) e do Sanger Center

(http://www.sanger.ac.uk/Projects/Y pestis/blastserver.shtml).

Resultados

Variedades geograficas. Das 35 cepas brasileiras de Y. pestis analisadas, 33
reduziram o nitrato a nitrito e ndo fermentaram o glicerol, sendo enquadradas
na variedade Orientalis (Tabela 1). Apenas duas (P. Exu 246 e P. Exu 792) néo
fermentam o glicerol nem reduzem o nitrato, sendo consideradas atipicas.

Entre as oito cepas de outros paises duas (PKR 684 e KIM) fermentaram
o glicerol mas nao reduziram o nitrato a nitrito, sendo classificadas na
variedade Medievalis, e as demais foram classificadas na variedade Orientalis
(Tabela 1).

Ribotipagem por PCR. Através da ribotipagem por PCR com o conjunto de

“primers” descrito por Kostman et al. (14) as 35 cepas brasileiras e as 8 cepas

estrangeiras de Y. pestis analisadas exibiram o mesmo perfil de amplificagéo,
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caracterizado pela presenca de seis bandas medindo de 800 a > 2000 pares de
base (pb) (Figura 1a). As duas cepas atipicas, glicerol negativa e nitrato
negativa, (P. Exu 246 e P. Exu 792), também apresentaram o mesmo perfil de
amplificacdo. As cepas de Y. pseudotuberculosis exibiram o mesmo perfil de
ribotipagem encontrado nas cepas de Y. pestis (Figura 1b).

As nove amostras de Y. enterocolitica analisadas mostraram quatro
perfis de ribotipagem distintos, denominados neste estudo de Yr1 a Yr4 (Tabela
2, Figura 2). As seis cepas de um mesmo sorotipo (O:3) e igual origem (suino),
apresentaram trés perfis de ribotipagem e das trés cepas de origem humana de
diferentes sorotipos, duas apresentaram perfil de ribotipagem semelhante e
uma mostrou um perfil de ribotipagem igual ao observado em uma cepa de
suino (Tabela 2).

Com o conjunto de “primers” descrito por Chun et al. (5) todas as cepas
de Y. pestis (P. EXU 788, P. EXU 792, P. CE 882, PKR 684 e P. Peru 375) e a
cepa de Y. pseudotuberculosis (YP 2944) analisadas também exibiram igual
perfil de amplificagcdo, caracterizado pela presenga de duas bandas nitidas,
uma maior que mede mais que 600 pb e outra menor medindo cerca de 550 pb
(Figura 3). Adicionalmente, duas bandas fracas > 800pb foram exibidas

igualmente nas duas espécies.

Perfil de clivagem. Os produtos de amplificagdo com os “primers” descritos
por Kostman et al. (14) e as cepas de Y. pestis brasileiras (P. CE 882, P. Exu
384), e estrangeiras (EV 76, PKR 684 e KIM) de diferentes biovar e a cepa de
Y. pseudotuberculosis (YP 2944), clivadas com as enzimas Hpa Il Msp | e Mbo
I, apresentaram o mesmo perfil, sendo observado um perfil de restricao
caracteristico para cada enzima (Figura 4). A clivagem das ISRs com a enzima
Alu | produziu um padrédo de bandas iguais com as diferentes cepas de Y.
pestis analisadas e padrdes diferentes com as cepas de Y. pseudotuberculosis
(YP 2944) e Y. enterocolitica (Ye 40) mostrando um polimorfismo

intraespecifico (Figura 5).

Andlise das seqiiéncias. O resultado da analise das sequéncias dos dois
“amplicons” obtidos com os “primers” descritos por Chun et al. (5), demonstrou

que o amplicon maior (>600 pb), designado ISR-1, resultou em sequéncias de
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419 a 782 nucleotideos nas diferentes cepas analisadas (Tabela 3). Em todas
as cepas de Y. pestis (P. EXU 788, P. EXU 792, P. EXU 882, PKR 684, P. Peru
375) e a cepa de Y. pseudotuberculosis (YP 2944), analisadas neste estudo a
ISR-1 mostrou trés genes de tRNA (tDNAs) que codificam para tRNAA(CEC),
tRNAM(TCO) o tRNA!®(CAT)  respectivamente, com seus anticodons indicados
entre paréntesis. A ISR menor, um “amplicon” com cerca de 550 pb variou de
311 a 685 nucleotideos de comprimento, designado ISR-2, mostrou-se
igualmente invariavel, apresentando em todas as cepas de Y. pestis e na cepa
de Y. pseudotuberculosis um unico gene de tRNA (tDNA) que codifica para a
sintese do tRNA®YT) (Tabela 3). A seqléncia ISR-1 mostrou uma
similaridade, da seqléncia completa dos tRNAs*?, tRNA" e das seqliéncias
parciais dos genes dos rRNAs 16S e 23S, com as sequéncias de diversos
géneros e espécies bacterianas, entre elas as cepas de Y. pestis C092 (USA)
e KIM (lran), e Y. pseudotuberculosis cepa PB1/+, através do programa
BLAST. A sequéncia ISR-2 mostrou similaridades da sequéncia completa do
tRNAC" e das seqiiéncias parciais dos genes dos rRNAs 16S e 23S, com as
sequéncias de diversos géneros e espécies bacterianas, além da similaridade
com as cepas de Y. pestis CO92, KIM e a PB1/+ (Y. pseudotuberculosis)
mostrou similaridade também com a cepa YP 8081 (Y. enterocolitica).

Discussao

Os resultados das reagdes de fermentagdo do glicerol e redugéo do
nitrato, mostraram que a maioria das amostras de Y. pestis brasileiras
estudadas se enquadra na variedade Orientalis (G', N*) correspondendo & cepa
que se supode ter sido disseminada durante a ultima pandemia (7). Duas cepas
(P. Exu 246 e P. Exu 792) ndo se enquadram nessa variedade porque nao
fermentam o glicerol nem reduzem o nitrato. Esta variedade (G, N) também
ndo se enquadra nas outras duas variedades (G, N* e G*, N°) descritas por
Devignat (1951) sendo consideradas atipicas. Esta caracteristica (G’, N') havia
sido encontrada em outras cepas brasileiras (13) e na Birmania (11).

Através da ribotipagem por PCR com dois conjuntos de “primers”
diferentes, nenhum polimorfismo foi detectado nas regides espacadoras

intergénicas das cepas de Y. pestis estudadas, brasileiras ou estrangeiras, e
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mesmo entre as cepas de diferentes variedades geograficas (biovar Medievalis
e Orientalis). Pelo polimorfismo dos fragmentos de restricdo, cepas dos trés
diferentes biovar se enquadram em diferentes ribotipos (8). Por ocasido do
atual surto de peste em Madagascar trés novos ribotipos foram descritos;
essas cepas foram isoladas em diferentes anos e exibiram perfis plasmidiais e
perfis genémicos de restricao especificos, sugerindo evolugao do bacilo em seu
ambiente natural (9).

Uma analise do perfil plasmidial das cepas de Y. pestis do Nordeste do
Brasil mostra que a maioria apresenta os trés plasmideos tipicos (pFra, pYV e
pPst); entretanto, foi detectada a auséncia de plasmideos em algumas cepas e
a presencga de bandas de DNA adicionais. A ocorréncia de bandas de DNA
extra nessas cepas ndo foi relacionada a nenhuma caracteristica
epidemiologica relevante (15). Provavelmente as mesmas resultam de
rearranjos dos plasmideos tipicos (multimeros do pPst, formas lineares do pYV
e do pFra), que ocorreram durante a estocagem, apos o isolamento (16).

Os padrdes de bandas das ISRs gerados por PCR de Y. pestis e Y.
pseudotuberculosis foram idénticos reforgcando a alta homologia de DNA/DNA
(90%) entre estas espécies, e que as mesmas constituem uma unica espécie
gendmica (3), apesar das diferengas existentes sob o ponto de vista clinico
entre as duas espécies. Por outro lado, os quadros clinicos produzidos por Y.
pseudotuberculosis e Y. enterocolitica sao bem mais parecidos, embora a
homologia entre estas espécies seja de apenas 48%.

Y. enterocolitica € uma espécie muito heterogénea, pois existem varios
biotipos, fagotipos e numerosos sorotipos. Além disso, foram encontrados
variantes dentro dos sorotipos por ribotipagem (19) e por RAPD-PCR (17). As
amostras de Y. enterocolitica estudadas neste trabalho foram agrupadas em
quatro ribotipos diferentes dos encontrados nas cepas de Y. pestis e Y.
pseudotuberculosis. Através da técnica de RAPD-PCR essas mesmas cepas
haviam sido classificadas em cinco grupos genotipicos (17). Os resultados do
presente trabalho confirmam o polimorfismo genético observado, entretanto,
nao foi possivel relacionar os perfis de ribotipagem obtidos com os perfis de
RAPD-PCR.

Nenhum polimorfismo foi detectado no perfil de clivagem das ISRs das

diferentes cepas de Y. pestis brasileiras e estrangeiras de diferentes biovar e a
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cepa de Y. pseudotuberculosis, com as enzimas Hpa Il Msp | e Mbo |. A
clivagem dos produtos de amplificacdo das ISRs com a enzima Alu |, utilizada
neste estudo, produziu padrdoes diferentes, possibilitando a diferenciacao
interespecifica entre Y. pestis e Y. pseudotuberculosis. Outros estudos que
avaliam os padrdes de restricdo de EcoRI dos genes de rRNA de cepas de Y.
pseudotuberculosis e Y. pestis também apontam esta diferenciacao (8).

A sequéncia do rDNA 16S mostra-se altamente conservada nas
diversas espécies de yersinias (12). Entretanto, foi descrita uma regido de
variabilidade intergenérica e duas regides de variabilidade intragenérica.
Embora ndo tenha sido observada variagcdo entre Y. pestis e Y.
pseudotuberculosis para esta regido, foi demonstrada uma variagdo de uma
base na regido variavel do rDNA 23S destas duas espécies (26).

Os genes de tRNA nas ISR-1 e ISR-2 variaram em numero e tipo do
tRNA codificados caracterizando a ocorréncia de tipos distintos de operons de
rRNA que ocorrem igualmente em Y. pestis e Y. pseudotuberculosis. As
sequéncias de nucleotideos das ISRs das duas espécies demonstraram um
elevado indice de similaridade exibindo os mesmos tipos de tRNAs,
corroborando com a hipétese de que Y. pestis € um clone de Y.
pseudotuberculosis que evoluiu recentemente, e que ainda compartilha muitas
sequéncias homologas com Y. pseudotuberculosis (1). Entretanto, a clivagem
dos “amplicons” das ISRs das amostras destas duas espécies, com a enzima
Alu 1| demonstrou um polimorfismo entre elas, indicando que apesar da
similaridade observada quanto ao numero e tipos de tRNAs codificados nas
ISRs estas duas espécies apresentam uma variagdo ao nivel de ISR,
correspondendo a uma relagdo de conservacao ou perda de sitios de restricao
para a enzima Alu | nos operons do rRNA de Y. pestis e Y. pseudotuberculosis,
0 que pode caracterizar uma microevolugao entre elas.

Apenas a banda ISR-2 mostrou similaridade com as trés espécies
patogénicas do género, enquanto que a banda ISR-1 apresentou homologia
com cepas de Y. pestis e Y. pseudotuberculosis, mas nao com cepas de Y.
enterocolitica. A similaridade de ISR-1 e ISR-2, demonstrada entre Y. pestis e
Y. pseudotuberculosis reforca a identidade genética observada nestas duas

espécies e sugere que ISR-1 pode ser mais um candidato a maiores
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investigacbes para ser usado como ferramenta epidemiolégica para
acompanhar a evolucéo de surtos de Y. pestis e Y. pseudotuberculosis.

A similaridade observada entre as amostras de Y. pestis, de diversos
focos, origens e periodos de isolamento, analisadas neste estudo reflete a
natureza clonal desta bactéria, caracteristica de muitos patégenos que sofrem

elevadas pressdes seletivas.
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Tabela 1. Origem e caracteristicas das cepas de Yersinia pestis estudadas.

Cepas Origem Reacao Biovar
Fonte Foco Ano | Glicerol | Nitrato

P. Exu 538 | Humano Ibiapaba 1971 - + Orientalis
P. Exu 540 | Humano Ibiapaba 1971 - + Orientalis
P. Exu 554 | Humano Ibiapaba 1971 - + Orientalis
P. Exu 556 | Humano Ibiapaba 1972 - + Orientalis
P. Exu 789 | Humano Ibiapaba 1978 - + Orientalis
P. Exu 792 | Humano Ibiapaba 1978 - - Atipica

P. Exu 809 | Humano Ibiapaba 1979 - + Orientalis
P.CE 21 Humano Ibiapaba 1982 - + Orientalis
P. Exu 882 | Humano Ibiapaba 1997 - + Orientalis
P. Exu 16 Humano Triunfo 1966 - + Orientalis
P. Exu 17 Humano Triunfo 1966 - + Orientalis
P. Exu 248 | Humano Triunfo 1968 - + Orientalis
P. Exu 249 | Humano Triunfo 1968 - + Orientalis
P. Exu 292 | Humano Triunfo 1968 - + Orientalis
P. Exu 351 | Humano Triunfo 1969 - + Orientalis
P. Exu 841 | Humano Triunfo 1979 - + Orientalis
P. Exu 185 | Humano Borborema | 1967 - + Orientalis
P. PB 862 Humano Borborema | 1986 - + Orientalis
P. Exu 825 Pulga Borborema | 1979 - + Orientalis
P. Exu 832 Pulga Borborema | 1979 - + Orientalis
P. Exu 827 Pulga Borborema | 1979 - + Orientalis

Continua...



Continuagao

Cepas Origem Reacao Biovar
Fonte Foco Ano | Glicerol | Nitrato

P. Exu 15 Humano Araripe 1966 - + Orientalis
P. Exu 246 Humano Araripe 1968 - - Atipica

P. Exu 276 Humano Araripe 1968 - + Orientalis
P. Exu 312 Humano Araripe 1969 - + Orientalis
P. Exu 334 Humano Araripe 1969 - + Orientalis
P. Exu 384 Pulga Araripe 1970 - + Orientalis
P. Exu 674 Humano Araripe 1974 - + Orientalis
P. Exu 738 Humano Araripe 1975 - + Orientalis
P. Exu 769 Humano Araripe 1975 - + Orientalis
P. Exu 771 Humano Araripe 1975 - + Orientalis
P. Exu 778 Humano Araripe 1975 - + Orientalis
P. Exu 781 Humano Araripe 1975 - + Orientalis
P. Exu 788 Pulga Araripe 1977 - + Orientalis
P. Exu 796 Humano Baturité 1978 - + Orientalis
PKR 684 Roedor Iran S/i + - Medievalis
KIM Humano Iran S/i + - Medievalis
PBM5 Sli Birmania Sli - + Orientalis
PKOL Sli Curdistao Sli - + Orientalis
PB 8 Sli Birmania Sli - + Orientalis
P. Peru 375 | Humano Peru 1995 - + Orientalis
Alexander Humano USA S/i - + Orientalis
EV 76 Humano | Madagascar | 1926 - + Orientalis

S/i: sem informacao



Tabela 2. Caracteristicas das cepas de Yersinia enterocolitica analisadas.

Cepas Fonte Sorotipo RAPD-PCR (Leal et al., 1999) Ribotipo
Ye 5a Suino 0:3 Perfil genotipico 1 Yr1
Ye 25L Suino 0:3 Perfil genotipico 1 Yr2
Ye 25¢c Suino 0:3 Perfil genotipico 1 Yr2
Ye 37 Suino 0:3 Perfil genotipico 1 Yr2
Ye 40 Suino 0:3 Perfil genotipico 1 Yr3
Ye 41 Suino 0:3 Perfil genotipico 2 Yr3
Ye 43p Humano 0:6 Perfil genotipico 1 Yr4
Ye 102p Humano 0:5 Perfil genotipico 5 Yr1
Ye 124p Humano 0:4 Perfil genotipico 4 Yr4




Tabela 3. Informacdes sobre o0 sequenciamento das ISR-1 e ISR-2 das diferentes cepas

de Yersinia pestis e Yersinia pseudotuberculosis.

ISR-1 ISR-2
Cepas Espécie Tamanho tRNAs Tamanho tRNAs
(pb) (pb)

tRNAAla(GGC)

P. EXU 788 Y. pestis 662 tRNAA(TGO) 603 tRNAGU(TTC)
tRNAlle(GAT)
tRNAAIa(GGC)

P. EXU 792 Y. pestis 677 tRNAA(TGC) 685 tRNASU(TTC)
tRNAIIe(GAT)

P. EXU 882 Y. pestis NR NR 497 tRNASU(TTC)
tRNAAIa(GGC)

PKR 684 Y. pestis 782 tRNAAR(TGO) 490 tRNACM(TTC)
tRNAIIe(GAT)
tRNAAIa(GGC)

P. Peru Y. pestis 724 tRNAAR(TGO) 311 tRNACM(TTO)
tRNAlle(GAT)

375

. tRNAAIa(GGC)

YP 2944 Y. pseudotuberculosis 419 tRNAAB(TGC) 500 tRNAGU(TTC)
tRNAlle(GAT)

NR- N&o realizado
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Figura 1 (a, b). Gel de agarose 1,5% dos produtos de PCR
(“primers” decritos por Kostman et al,1992) das regides
espagadoras intergénicas (ISRs) dos genes rRNA 16S-23S com o
DNA das cepas de Yersinia pestis. Linha, M: “100pb DNA ladder”;
(a)- Linhas, 1: P Exu 17; 2: P CE 21; 3: P Exu 538; 4: P Exu 554; 5:
P Exu 556; 6: P Exu 789; 7: P Exu 792; 8: P Exu 796; 9: P Exu 809;
10: DNA do fago A clivado com a enzima Hindlll. (b)-Linhas, 1:
EV76; 2: P Exu 882; 3: Yersinia pseudotuberculosis (YP 2944); 4:

Yersinia entrocolitica (Ye 37).
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M 12 3 45 6 7 809

Figura 2. Gel de agarose 1,5% dos produtos de PCR (“primers”
decritos por Kostman et al.,1992) das regides espacadoras
intergénicas (ISRs) dos genes rRNA 16S-23S com o DNA das
cepas de Yersinia enterocolitica. Linhas, M: “100pb DNA ladder”; 1:
Ye 5a; 2: Ye 25L; 3: Ye 25¢; 4: Ye 37; 5: Ye 40; 6: Ye 41; 7: Ye 43p;
8: Ye 102p; 9: Ye 124p.
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Figura 3. Gel de agarose 1,5% dos produtos de PCR (“primers”
decritos por Chun et al.,1999) das regides espacadoras intergénicas
(ISRs) dos genes rRNA 16S-23S com o DNA das cepas de Yersinia
pestis e Y. pseudotuberculosis. Linhas, M: “100pb DNA ladder”; 1:
P. EXU 788; 2: P.EXU 792; 3: P. EXU 882; 4. PKR 684; 5: P. Peru
375; 6: YP 2944.
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Figura 4 (a, b, c). Géis de Agarose 1,5% dos produtos de PCR das
regides espacgadoras intergénicas, clivado com as enzimas Msp |
(a); Hpa Il (b); Mbo I (c). Linhas, 1: P. CE 882 (DNA nao clivado); 2:
P. CE 882; 3: P. Exu 384; 4: EV 76; 5: PKR 684; 6: KIM; 7:YP 2944,
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M 1 2 3 4 5 6 7

800 pb —»

Figura 5. Gel de Agarose 1,5% dos produtos de PCR das regides
espagadoras intergénicas (ISRs), clivado com a enzima Alu I;
Linhas, M: “100 pb DNA ladder”; 1: P. Exu 351 (DNA nao clivado);
2: P. CE 882; 3: P. Exu 384; 4: P. Peru 375; 5: KIM; 6:YP 2944, 7:

Ye 40.
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CONCLUSOES

A partir da analise das regides espagadoras intergénicas (ISRs) do rDNA

16S-23S em diferentes géneros bacterianos, conclui-se que:

. Staphylococcus aureus apresenta grande polimorfismo genético,

considerando o pequeno numero de amostras estudadas e o

numero de ribotipos identificados.

Providencia alcalifaciens revelou grande heterogeneidade genética
refletindo a origem das amostras estudadas obtidas de casos

eporadicos, ndo relacionados, de gastroenterites.

Y. enterocolitica também revelou polimorfismo genético, sendo

evidenciados quatro ribotipos entre as amostras estudadas.

Y. pestis e Y. pseudotuberculosis possuem grande homologia
genbmica, produziram padrdes de amplificagdo das ISRs idénticos e

igual numero e tipos de tRNA.

A clivagem dos “amplicons” de Y. pestis e Y. pseudotuberculosis
com a enzima Alu | resultou em padrdes diferentes, possibilitando a
diferenciacdo das duas espécies 0 que caracteriza um

microevolugao entre elas.

A similaridade observada entre as diversas amostras de Y. pestis

estudadas reflete a natureza clonal deste patdgeno.

78



Sobreira, M. Andlise das regibes espagadoras ...

PERSPECTIVAS

A ribotipagem através da analise do RFLP utilizando sondas para o
rRNA, além das regides espacadoras analisadas na ribotipagem-PCR, avalia o
perfil de restricdo dos genes 16S e 23S do rRNA. Como os genes de rRNA
apresentam regides muito conservadas e regides variaveis essa técnica pode
detectar um maior polimorfismo.

Assim como, a analise de restricdo do DNA gendmico utilizando sondas
derivadas de sequéncias de insergdo (IS), em especial em Y. pestis que
apresenta muitas ISs no seu genoma favorecendo recombinagdes
intragenémicas, € utilizada para avaliar a variabilidade genética.

Visto que existe uma grande similaridade nas regides espagadoras
intergénicas do rRNA 16S-23S entre as diversas amostras de Y. pestis
estudadas. Visamos implantar a técnica de analise de restricdio do DNA
genbmico utilizando sondas para o rRNA e para sequéncias de insergéo
(IS100), para avaliar o polimorfismo genético entre amostras de Y. pestis
brasileiras e aplicar ao estudo de outras bactérias patogénicas humanas de

interesse regional.
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The Journal of Medical Microbiology

A Journal of the Society for General Microbiology

Information for Authors

Manuscript submission: The Journal will consider manuscripts written in
English, of original unpublished work in all aspects of microbiology relevant to human
or veterinary medicine or dentistry. Two copies of the manuscript and good quality
figures must be sent to the Editors, Journal of Medical Microbiology, Society for
General Microbiology, Marlborough House, Basingstoke Road, Spencers Wood,
Reading RG7 1AG.

Please send a disk if possible (Microsoft Word or text files, in IBM-
compatible format, preferably). Authors should retain an additional copy of the
manuscript and figures. Upon acceptance of a manuscript for publication, a copyright
transfer form will be sent to the author(s) with the proofs. This transfer form must be
signed and dated by all authors or by the senior author on behalf of all authors and
returned to the publisher.

Manuscript preparation: Use double spacing throughout. Organise the
manuscript in the order indicated below, with each component beginning on a separate
page and with a page number typed in the upper right-hand corner of each page.

Title page: Page 1 should include: (a) the title of the article; (b) the authors'
names; (c) affiliations (the name of the department, if any, institution, city and state or
country where the work was done) indicating which authors are associated with which
affiliations; (d) the name and address of the author to whom proofs and reprint requests
are to be sent including the street address and fax number; and (e) running title.

Abstract: Page 2 should include the title of the article followed by the abstract.
The abstract should state the purpose of the study, basic procedures, most important
findings, and principle conclusions, with an emphasis on the new aspects of the study.

Text: Papers should be organised in the following format: Introduction, Materials
(or patients) and Methods, Results and Discussion. Other descriptive headings and sub-
headings may be used if appropriate. Every effort should be made to avoid jargon, to
spell out all non-standard abbreviations the first time they are mentioned and to present
the contents of the study as clearly and as concisely as possible. Please give the name
and address of manufacturers of commercial products cited in the text. Be sure that all
references are cited in numerical order in the text and that all tables and figures cited in
the text are numbered according to the order in which they appear. Data appearing in
tables or figures should be summarised, not duplicated, in the text. All data cited in the
text should be checked carefully against the corresponding data in the tables to ensure
that they correspond, and any names cited in the text should be checked carefully
against the references to ensure that the spelling is correct. Any ambiguous symbols
(e.g. the letter ‘O’ versus the numeral ‘0’, the letter ‘I’, versus the number ‘1”) should be
identified. Acknowledgements of grant support and of individuals who were of direct
help in the preparation of the study should be included at the end of the text.

References: Type references double spaced and number them consecutively in
the order in which they are first mentioned in the text, not alphabetically. Identify
references in the text, tables and legends by Arabic numerals in square brackets.
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References cited only in tables or figure legends should be numbered in accordance
with a sequence established by the first mention in the text of a particular table or
figure. For journal articles the following information should be included: (a) all author
names (surnames followed by initials) up to six (for more than six, give first three
names followed by et al.), (b) title of the article with the same spellings and accent
marks as in the original, (c) the journal title abbreviated, (d) the year of publication, ()
the volume number and (f) the page numbers. For books, give the chapter authors,
chapter title, editors of the book, title of the book (including volume and edition
number), publisher’s location and name, year of publication, and appropriate page
numbers. Examples of the correct format are as follows:

1. Gillespie SH, Ainscough S, Dickens A, Lewin J. Phosphorylcholine-containing
antigens in bacteria from the mouth and respiratory tract. J Med Microbiol 1996; 44:
35-40.

2. Lindahl G, Hedén L-O, Stenberg L. Streptococcal IgA receptors. In: Korhonen
TK, Mikeld PH, Hovi T (eds) Molecular recognition in host-parasite interactions. New
York, Plenum Press. 1992: 77-83.

‘Unpublished observations’ and ‘personal communications’ should not appear in
the references. These should be inserted in parentheses in the text, and letters of
permission from all individuals cited in this way should accompany the manuscript.
Information from manuscripts that have been submitted for publication but not yet
accepted must be cited as "unpublished observations." Manuscripts that have been
accepted for publication but have not yet been published may appear in the references:
include the authors, manuscript title, and name of the journal followed by ‘in press’ in
parentheses.

Tables and Figures: Tables should be marked in the order in which they are first
mentioned in the text in Arabic numerals. Every column in the table should have a
clearly understandable heading. Define all abbreviations and indicate the units of

measurement for all values. Indicate spaces without data in tables by .... Indicate
footnotes to the table with the superscript symbols (*, T, i, §) cited in order as you read
the table horizontally.

Figures should be professionally drawn and numbered with Arabic numerals.
Letters, numbers and symbols should be clear throughout and should be large enough to
remain legible when reduced for publication. Ensure that all spelling is correct, that
there are no broken letters or uneven type, and that abbreviations used are consistent
with those in the text.

Photomicrographs must include a calibration bar of appropriate length (e.g. Imm,
0.1mm, etc.). Symbols used in micrographs should contrast with the background. Four-
colour illustrations are acceptable, but the author will be required to bear the costs of
their publication.

Legends should be typed double spaced and numbered with Arabic numerals
corresponding to the illustration.

Studies on human subjects and animals: Experimental studies on human
subjects must have been conducted in an ethical manner and manuscripts should include
details of approval by appropriate research ethics committees or equivalent. Similarly,
experiments involving animals must avoid distress to the animals and must have been
conducted under appropriate licensing/approval arrangements, details of which should
be included.

Production Process: Decisions of the Editor are final. All material accepted for
publication is subject to copyediting. Authors will receive page proofs of their article
before publication, and should answer all queries and carefully check all editorial
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changes at this point. Authors are responsible for the scientific content of their article.
Authors of all articles except Letters to the Editor and Abstracts will receive 25 free
reprints. Additional reprints may be ordered directly from the publisher. An order form
will be sent with the page proofs.

The original manuscript and figures will be discarded one month after publication
unless the publisher is requested to return original material to the author.

The validity of the data and views expressed in journal articles are the

responsibilities of authors and not of the Editors, the Society for General Microbiology,
or of the Publisher.

83



JoURNAL oF CLINICAL MICROBIOLOGY, Jan. 2002

Copyright © 2002, American Society for Microbiology

JOURNAL OF CLINICAL MICROBIOLOGY
INSTRUCTIONS TO AUTHORS*
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ment, American Society for Microbiology, 1752 N St.,
N.W., Washington, DC 20036-2904. Since all submissions
must be processed through this office, alternate routings, such
as to an editor, will delay initiation of the review process. The
manuscript must be accompanied by a cover letter stat-
ing the following: the journal to which the manuscript is
being submitted; the most appropriate section of the jour-
nal; the complete mailing address (including the street),
e-mail address, and telephone and fax numbers of the
corresponding author; and the former ASM manuscript
number and year if it is a resubmission. The current
e-mail addresses of the coauthors should also be indi-
cated.

Submit three complete hard copies of each manu-
script, including figures and tables. (You must submit
your manuscript on disk at the modification stage [see p.
v].) Type every portion of the manuscript double spaced
(a minimum of 6 mm between lines), including figure
legends, table footnotes, 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 must have margins of
at least 1 inch on all four sides and should have line
numbers if possible. It is recommended that the follow-
ing sets of characters be easily distinguishable in the
manuscript: the numeral zero (0) and the letter “oh”
(O); the numeral one (1), the letter “el” (1), and the
letter “eye” (I); and a multiplication sign (X) and the
letter “ex” (x). If such distinctions cannot be made,
please mark these items at the first occurrence for cell
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modified manuscript so that they may be identified prop-
erly for the printer by the copy editor. See p. x for
detailed instructions about illustrations.

Copies of in-press and submitted manuscripts that are
important for judgment of the present manuscript
should be enclosed to facilitate the review. Three copies
of each such manuscript should be provided.

Authors unsure of proper English usage should have
their manuscripts checked by someone proficient in the
English language. Manuscripts may be rejected on the
basis of poor English or lack of conformity to accepted
standards of style.

EDITORIAL POLICY

Manuscripts submitted to the journal must represent
reports of original research, and the original data must
be available for review by the editor if necessary.

* Shading indicates material that has been added or updated.

All authors of a manuscript must have agreed to its
submission and are responsible for its content, includ-
ing appropriate citations and acknowledgments, and
must also have agreed that the corresponding author has
the authority to act on their behalf on all matters per-
taining to publication of the manuscript. The corre-
sponding author is responsible for obtaining such agree-
ments. For Authors’ Corrections and Retractions, signed
letters of agreement from all of the authors must be
submitted (see p. x).

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 substantial-
ly the same content, was not published previously, is not
being considered or published elsewhere, and was not
rejected on scientific grounds by another ASM journal.

It is expected that the authors 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
plasmids, viruses, and living materials such as microbial
strains and cell lines newly described in the article are
available from a national collection or will be made avail-
able in a timely fashion and at reasonable cost to members
of the scientific community for noncommercial purposes.

Primary Publication

A scientific paper or its substance published in a serial,
periodical, book, conference report, symposium pro-
ceeding, or technical bulletin, posted on a nonpersonal
website, or made available through any other retrievable
source, including CD-ROM and other electronic forms,
is unacceptable for submission to an ASM journal on
grounds of prior publication.

Posting of a method/protocol 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/company website, and websites of
small collaborative groups working on a problem, does
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 chairman, on a case-by-case basis. Post-
ing of theses and dissertations on a personal/university
website does not preclude subsequent submission to,
and publication by, an ASM journal.

Posting of unpublished sequence data on the Internet
is usually not considered prior publication; however, the
address (URL) of the source of the sequence should be
included in the text.
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A preliminary disclosure of research findings pub-
lished in standard abstract form as an adjunct to a meet-
ing, e.g., part of a program, is not considered prior pub-
lication. Disclosure of research findings as an “extended
abstract” in a publication that is provided as an adjunct
to a meeting or subsequent to a meeting may be consid-
ered prior publication. Ultimately, it is an editorial de-
cision whether the material constitutes the substance of
a paper.

It is incumbent upon the author to acknowledge any
prior publication of the data contained in a manuscript
submitted to an ASM journal. A copy of the relevant
work should accompany the paper.

Permissions

The corresponding author is responsible for obtaining
permission from both the original author and the origi-
nal publisher (i.e., the copyright owner) to reproduce or
modify figures and tables and to reproduce text (in
whole or in part) from previous publications.

The signed permissions must be submitted to ASM
and should be identified as to the relevant item in the
ASM manuscript (e.g., “permissions for Fig. 1 in JCM
123-02”). In addition, a statement indicating that the
material is being reprinted with permission must be in-
cluded in the relevant figure legend or table footnote of
the manuscript. Reprinted text must be enclosed in quo-
tation marks, and the permission statement must be
included as running text or indicated parenthetically.

Authorship

An 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 critiqued the paper, need
not be listed as authors but may be recognized in the
Acknowledgments section.

All authors must agree to the order in which their
names are listed in the byline. Footnotes regarding attri-
bution of work (e.g., “X. Jones and Y. Smith contributed
equally to . ..”) are not permitted. If necessary, such state-
ments may be included in the Acknowledgments section.

A change in authorship (order of listing or addition or
deletion of a name) after submission 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-
licensing arrangements that could be considered to pose
a conflict of interest regarding the submitted article.

(Inclusion of a company name in the author address
lines of the manuscript does not constitute disclosure.)
In addition, if a manuscript concerns a commercial prod-
uct, the manufacturer’s name must be indicated at the
first occurrence in both the abstract and the text.
Specifics of the disclosure will remain confidential. If
appropriate, however, the editor may recommend that a
general statement regarding the disclosure be included in
the Acknowledgments section. All funding sources, in-
stitutional and corporate, should be credited in the Ac-
knowledgments section, as described below.

Copyright

To maintain 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
corresponding author to sign a copyright transfer 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 is executed (without changes and/or addenda),
ASM will not publish the manuscript.

In the copyright transfer agreement signed by an au-
thor, ASM grants to that author (and coauthors) the
right to republish discrete portions of his (their) article in
any other publication (print, CD-ROM, and other elec-
tronic forms) of which he is (they are) the author(s) or
editor(s), on the condition that appropriate credit is given
to the original ASM publication. This republication right
also extends to posting on a host computer to which
there is access via the Internet. Except as indicated be-
low, significant portions of the article may not be reprint-
ed/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 university, but not corporate, websites with-
out ASM’s prior written permission provided that ap-
propriate credit is given (i.e., either the copyright lines
shown on the top of the first page of the PDF version or
“Copyright © American Society for Microbiology, [in-
sert journal name, volume number, page numbers, and
year]” for the HTML version).

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

Use of Human Subjects or Animals in Research

The use of human subjects or other animals for re-
search purposes is regulated by the federal government
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and individual institutions. Manuscripts containing in-
formation related to human or animal use should clearly
state that the research has complied with all relevant
federal guidelines and institutional policies.

Patient Identification

To protect the privacy of individuals mentioned in
clinical studies, in case histories, and as sources of iso-
lates, do not identify them by their initials, even as part
of a strain designation. Change the initials to numerals
or use randomly chosen letters. Do not give hospital unit
numbers; if a designation is needed, use only the last two
digits of the unit. (Note: established designations of some
viruses and cell lines, although they consist of initials, are
acceptable [e.g., JC virus, BK virus, and HeLa cells].)

Nucleotide Sequences

It is expected that newly assigned GenBank/EMBL/
DDBJ accession numbers for nucleotide and/or amino
acid sequence data will be included in the original manu-
script or be inserted when the manuscript is modified
and that the data will be released to the public by the
time the manuscript is published. The accession number
should be included 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 Notes. If conclusions in a
manuscript are based on the analysis of sequences and a
GenBank/EMBL/DDBIJ accession number is not pro-
vided at the time of the review, authors may be required
to provide the sequence data as a file on a floppy disk.

It is expected that when previously published se-
quence accession numbers are cited in a manuscript,
the original citations (e.g., journal articles) will be
included in the References section when possible or
reasonable.

Authors are also expected to do elementary searches
and comparisons 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.

Database address information is as follows.

DDBJ: Center for Information Biology and DNA
Data Bank of Japan, National Institute of Genetics, 1111
Yata, Mishima, Shizuoka 411-8540, Japan; telephone,
81-559-81-6853; fax, 81-559-81-6849; e-mail, ddbj@ddbj
.nig.ac.jp (for data submissions); URL, http://www.ddbj.nig
.acjp.

EMBL: EMBL Nucleotide Sequence Submissions, Eu-
ropean Bioinformatics Institute, Hinxton, Wellcome Trust
Genome Campus, Hinxton, Cambridge CB10 1SD, United
Kingdom; telephone, 44-1223-494499; fax, 44-1223-
494472; e-mail, datasubs@ebi.ac.uk; URL, http://www
.ebi.ac.uk.

GenBank: National Center for Biotechnology Infor-
mation, National Library of Medicine, Bldg. 38A, Rm.
8N-803, Bethesda, MD 20894; telephone, 301-496-2475;

fax, 301-480-9241; e-mail, info@ncbi.nlm.nih.gov; URL,
http://www.ncbi.nlm.nih.gov.

See p. xiii for nucleic acid sequence formatting in-
structions.

Compliance

Failure to comply with the policies described above
may result in a letter of reprimand, a suspension of
publishing privileges in ASM journals, and/or notifica-
tion of the authors’ institutions.

Warranties and Exclusions

Articles published in this journal represent the opin-
ions of the authors and do not necessarily represent the
opinions of ASM. ASM does not warrant the fitness or
suitability, for any purpose, of any methodology, kit,
product, or device described or identified in an article.
The use of trade 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 are required to pay page
charges. Page charges are currently $30 per page for the
first four pages and $40 per page for each page in excess
of four (subject to change without notice) for a corre-
sponding author who is an ASM member, or $35 per page
for the first four pages and $46 for each page in excess of
four for a nonmember corresponding author. To obtain
the member rate, a member corresponding author must
include his member number on the reprint/page charge
form. To obtain the member rate, a nonmember corre-
sponding author should complete the ASM membership
application that is sent with the manuscript receipt letter
and submit it and payment of the membership fee to ASM.

If the research was not supported by any of the means
described above, a request to waive the charges may be
sent to the Journals Department, ASM, 1752 N St.,
N.W., Washington, DC 20036-2904, with the submitted
manuscript. This request, which should be separate from
the cover letter, must indicate how the work was sup-
ported and should be accompanied by copies of the title
page and Acknowledgments section.

Minireviews, Guest Commentaries, and regular Let-
ters to the Editor are not subject to page charges. New-
data Letters to the Editor and fast-track articles are
subject to page charges.

Scope

The Journal of Clinical Microbiology (JCM) is devoted
to the dissemination of new knowledge concerning the
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microbiological aspects of human and animal infections
and infestations, particularly their etiological agents, di-
agnosis, and epidemiology. Case Reports will be consid-
ered if they are novel, add to existing knowledge, and are
oriented toward microbiology. (See p. ix for a descrip-
tion of the two different types of Case Report pub-
lished.) Manuscripts which describe members of the
“normal” human microbiota which become involved in
disease production or complication and manuscripts
dealing with the interactions of hospitalized patients and
the microbial environment of the hospital may also be
submitted for consideration.

ASM publishes a number of different journals cov-
ering various aspects of the field of microbiology. Each
journal has a prescribed scope which must be consid-
ered in determining the most appropriate journal for
each manuscript. The following guidelines may be of
assistance.

(i) JCM will consider manuscripts (a) that describe the
use of antimicrobial, antiparasitic, or anticancer agents
as tools in the isolation, identification, or epidemiology
of microorganisms associated with disease; (b) that are
concerned with quality control procedures for diffusion,
elution, or dilution tests for determining susceptibilities
to antimicrobial agents in clinical laboratories; and (c)
that deal with applications of commercially prepared
tests or kits to assays performed in clinical laboratories
to measure the activities of established antimicrobial
agents or their concentrations in body fluids. Manuscripts
on all other aspects of antimicrobial or antiparasitic
agents, including reports concerned with development
or modification of assay methods and validation of their
sensitivity and specificity, will be considered for publica-
tion in Antimicrobial Agents and Chemotherapy.

(ii) JCM will consider manuscripts dealing with the
isolation or identification of viral agents from humans and
animals, with viral pathogenesis and immunity, and with
the etiology and diagnosis of viral diseases. In addition,
epidemiological studies of viral diseases or those in-
volving the use of bacteriophages as a typing system or
to identify bacteria will be considered. However, papers
on the biology of phages and other viruses are more
appropriate for the Journal of Virology or the Journal of
Bacteriology.

(iii) Reports of clinical microbiology investigations or
studies of the hospital population and the environment
as they relate to nosocomial infections should be sub-
mitted to JCM. Manuscripts dealing with ecology or
environmental studies or with the application of micro-
organisms to agricultural or industrial processes are
more appropriate for Applied and Environmental Micro-
biology.

(iv) Papers involving immune response assessment
and laboratory diagnostic aspects of immunologic dis-
eases (e.g., autoimmune diseases and primary immuno-
deficiencies) are more appropriate for Clinical and Diag-
nostic Laboratory Immunology. Manuscripts dealing with
basic immunology or with mechanisms of pathogenicity
are appropriate for Infection and Immunity.

(v) Manuscripts that describe detection of infectious
agents by using already well described techniques (e.g.,
rtPCR, RAPID, PFGE, real-time PCR, etc.) will not be
considered for publication unless application of the
technique substantially improves the diagnostic process.
It is expected that such manuscripts will compare sensi-
tivity, specificity, and accuracy data with data obtained
from more conventional methods using clinical speci-
mens.

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

If transfer to another ASM journal is recommended
by an editor, the corresponding author will be contacted.

Note that a manuscript rejected by one ASM journal
on scientific grounds or on the basis of its general suit-
ability for publication is considered rejected by all other
ASM journals.

Culture Deposition

JCM encourages authors to deposit important strains
in publicly accessible culture collections and to refer to
the collections and strain numbers in the text. Since the
authenticity of subcultures of culture collection speci-
mens that are distributed by individuals cannot be en-
sured, authors should indicate laboratory strain designa-
tions and donor sources as well as original culture
collection identification numbers.

Links to Supplementary Material

Authors are encouraged to include the URLS of their
websites if they contain data that might supplement
those in the article itself and/or be of interest or assis-
tance to readers. Such addresses should be included in
the relevant text, not as footnotes.

Editorial Style

The editorial style of ASM journals conforms to the
ASM Style Manual for Journals and Books (American
Society for Microbiology, 2001, in-house document) and
How To Write and Publish a Scientific Paper, 5th ed.
(Oryx Press, 1998), as interpreted and modified by the
editors and the ASM Journals Department. The editors
and the Journals Department reserve the privilege of
editing manuscripts to conform with the stylistic conven-
tions set forth in the aforesaid publications and in these
instructions.

Review Process

All manuscripts are considered to be confidential and
are reviewed by the editors, members of the editorial
board, or qualified ad hoc reviewers. When a manuscript
is submitted to the journal, it is given a number (e.g.,
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JCM 47-02) and assigned to one of the editors. All
coauthors are notified of this number and the editor to
whom the manuscript has been assigned. (Always refer
to this number in communications with the editor and
Journals Department.) It is the responsibility of the cor-
responding author to inform the coauthors of the manu-
script’s status throughout the review and publication
processes. The reviewers operate under strict guidelines
set forth in “Guidelines for Reviewers” (www.journals
.asm.org/misc/reviewguide.shtml) and are expected to
complete their reviews expeditiously. The corresponding
author is notified as soon as possible of the editor’s
decision to accept, reject, or require modification. Tele-
phone inquiries concerning the status of a manuscript
are discouraged. There are occasions when the review
process may require additional time. When a manuscript
is returned to the corresponding author for modification,
it should be returned to the editor within 2 months;
otherwise, the manuscript may be considered withdrawn.
A point-for-point response to the reviews must be in-
cluded with the revised manuscript; an extra hard copy
of the revised manuscript (without figures) should have
the changes highlighted with a colored marker.

Manuscripts that have been rejected, or withdrawn
after being returned for modification, may be resubmit-
ted if the major criticisms have been addressed. As with
initial submissions, resubmitted manuscripts should be
sent to the Journals Department of ASM, not to the
editor, and should be accompanied by a cover letter
stating that the manuscript is a resubmission. A point-
for-point response to the original reviews, as well as a
copy of the resubmitted manuscript with the changes
highlighted, should be included. Resubmitted manu-
scripts are normally handled by the original editor.
Manuscripts cannot be resubmitted more than once
unless permission has been obtained from the original
editor or from the editor in chief.

NOTE: Manuscripts and illustrations are returned to
the author at the discretion of the editor.

Manuscripts Submitted on Disk

Effective 1 January 2002, JCM will no longer publish
manuscripts that are not provided on disks. Author-
supplied disks will be used by the copy editor and the
printer to generate proofs. Hard copy will, however,
continue to be used for tables and for mathematical data
set as display equations.

Although hard copy only must be supplied at the time
of submission, a disk containing the revised version of
the article must be sent to the editor at the modification
stage. Because the disk undergoes an automated pre-
editing, cleanup, and tagging process specific to the par-
ticular article type before being copyedited (see Notifi-
cation of Acceptance, below), it is important that the
article on disk be formatted correctly with all the proper
sections and headings. See Organization and Format, p.
vi. Double-spaced hard copy which exactly matches the
file on disk must be supplied also. (For submission of
illustrations on disk, see the section on computer-gener-

ated images on p. xi.) We do not at present accept
e-mailed files. Disks and CDs will not be returned. Fail-
ure to supply a disk at the modification stage will result
in delayed publication. Please keep the following in
mind:

* Do not use the compare feature in your word pro-
cessing program to highlight changes in the revised
version.

* Do not convert text to ASCII since this will result in
loss of fonts and formatting that we want to pre-
serve.

* Do not create symbols as graphics. Use the “insert
symbol” function in your word processing program.

* Set page size to 8'2 by 11 inches.

* Italicize or underline any words that should appear
in italics.

* Include all section heads (see Organization and For-
mat, p. vi), and indicate paragraph lead-ins in bold
type.

* Label the disk clearly with the manuscript control
number and the name of the file. Indicate whether it
contains text only or both text and figures.

* Provide the name and version of the word process-
ing software used (a wide range of applications is
supported, but we cannot translate PDF or Post-
Script files or files created with BIBT ; Chi-Writer;
ClarisWorks 1.0; EG Word; Enable 4.0; Full Write
version 2.0; Mathematica 3.0; Ready, Set, Go; or
Scientific Writer 3.0), the operating system, the type
of PC used (IBM compatible, Macintosh, or other),
and the medium used to transmit files (see “Accept-
able media” in the section on computer-generated
images [p. xi]).

Notification of Acceptance

When an editor has decided that a manuscript is ac-
ceptable for publication on the basis of scientific merit,
the hard copy and disk are sent to the Journals Depart-
ment. The disk undergoes an automated preediting,
cleanup, and tagging process specific to the particular
article type. If the disk has been prepared according to
the criteria set forth in these instructions, this process
will be completed successfully. If the disk fails, the au-
thor will be required to supply one that has been pre-
pared correctly. Once a disk has been determined to be
adequate, the manuscript is scheduled for the next avail-
able issue and an acceptance letter indicating the month
of publication, approximate page proof dates, and table
of contents section is mailed to the corresponding au-
thor. The editorial staff of the ASM Journals Depart-
ment completes the editing of the manuscript to bring it
into conformity with prescribed standards.

Page Proofs

Page proofs, together with a query sheet, a reprint
order/page charge form, and instructions for handling
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proofs, will be made available to the corresponding au-
thor electronically via a PDF file that can be accessed
through a unique password. Since corresponding au-
thors will be notified of the availability of their PDF
proofs and assigned their unique password via e-mail, an
e-mail address must be supplied in the correspondent
footnote. Failure to do so may result in a delay in pub-
lication. The PDF page proofs must be printed out, and
corrections must be written on the hard copy. Queries
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. Note that the copy
editor does not query at every instance where a change
has been made. Queries are written only to request nec-
essary information or clarification of an unclear 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
FedEXx, not faxed or sent as an e-mail attachment, to the
ASM Journals Department.

The proof 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 proof with the permission of
the editor. If references to unpublished data or personal
communications are added, it is expected that written
assurance granting permission for the citation will be
included. Limit changes to correction of spelling errors,
incorrect data, and grammatical errors and updated 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 still accurate and the material that you expect the
reader to find is indeed there.

Questions about late proofs and problems in the proofs
should be directed to the ASM Journals Department
(telephone, 202-942-9215). Questions about accessing or
viewing your PDF proofs should be directed to Katie Gay
of Cadmus Professional Communications at 804-261-
3155 or gayk@cadmus.com.

Reprints

Reprints (in multiples of 100) may be purchased by all
coauthors. An order form that includes a table showing
the cost of reprints is sent with the proofs to the corre-
sponding author.

PDF Files

A corresponding author who has included an e-mail
address in 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 published. 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 author’s own use.

Should coauthors or colleagues 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 copyright. (For details, go to http://www.journals
.asm.org/misc/terms.shtml.) Note that each such down-
load will count toward the corresponding 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 institutional) or after the standard access con-
trol has been lifted (i.e., 6 months after publication).

ORGANIZATION AND FORMAT

On receipt at ASM, an accepted manuscript under-
goes an automated 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 appropriate sections and headings.

Full-Length Papers

Full-length papers include the elements described in
this section.

Title, running title, and byline. Each manuscript should
present the results of an independent, cohesive study;
thus, numbered series titles are not permitted. Exercise
care in composing a title. Avoid the main title/subtitle
arrangement, complete sentences, and unnecessary arti-
cles. On the title page include the title, running title (not
to exceed 54 characters and spaces), name of each au-
thor, address(es) of the institution(s) at which the work
was performed, each author’s affiliation, and a footnote
indicating the present address(es) of any author(s) no
longer at the institution where the work was performed.
Place an asterisk after the name of the author to whom
inquiries regarding the paper should be directed and give
that author’s telephone and fax numbers and e-mail ad-
dress.

Correspondent footnote. The complete mailing ad-
dress, telephone number, fax number, and e-mail ad-
dress of the corresponding author should be included on
the title page of the manuscript. This information will be
published in the article as a footnote to facilitate com-
munication, and the e-mail address will be used to notify
the corresponding author of availability of proofs and,
later, of the PDF file of the published article. If these
items are not provided on the manuscript title page, the
ASM editorial staff will insert the information from the
original letter of submission.

Abstract. Limit the abstract to 250 words or fewer and
concisely summarize the basic content of the paper with-
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out presenting extensive experimental details. Avoid ab-
breviations and references and do not include diagrams.
When it is essential to include a reference, use the same
format as shown for the References section but omit the
article title. Conclude the abstract with a summary state-
ment. Because the abstract will be published separately
by abstracting services, it must be complete and under-
standable without reference to the text.

Introduction. The introduction should supply sufficient
background information to allow the reader to under-
stand and evaluate the results of the present study with-
out referring to previous publications on the topic. The
introduction should also provide the hypothesis that was
addressed or the rationale for the present study. Choose
references carefully to provide the most salient back-
ground rather than an exhaustive review of the topic.

Case Report. The Case Report section, placed after
the introduction and before Materials and Methods, is
optional and gives relevant clinical information about
one or more patients while being incidental to the rest of
the paper. (If the Case Report constitutes the entire
article, the paper must be presented in Case Report
format, which differs from that used for a full-length text
or a Note [see p. ix].)

Materials and Methods. The Materials and Methods
section must include sufficient technical information to
allow the experiments to be repeated. The sources of all
media (i.e., name and location of manufacturer) or com-
ponents of a new formulation must be provided. When
centrifugation conditions are critical, give enough infor-
mation to enable another investigator to repeat the pro-
cedure: make of centrifuge, model of rotor, tempera-
ture, time at maximum speed, and centrifugal force (X g
rather than revolutions per minute). For commonly used
materials and methods (e.g., media and protein concen-
tration determinations), a simple reference or specifi-
cally recommended product or procedure is sufficient. If
several alternative methods are commonly used, it is
helpful to identify the method briefly as well as to cite
the reference. For example, it is preferable to state “cells
were broken by ultrasonic treatment as previously de-
scribed (9)” rather than to state “cells were broken as
previously described (9).” The reader should be allowed
to assess the method without constant reference to pre-
vious publications. Describe new methods completely,
and give sources of unusual chemicals, reagents, equip-
ment, or microbial strains. When large numbers of mi-
crobial strains or mutants are used in a study, include
tables identifying the sources and properties of the
strains, mutants, bacteriophages, plasmids, etc.

A method, strain, etc., used in only one of several
experiments reported in the paper may be described in
the Results section or very briefly (one or two sentences)
in a table footnote or figure legend.

Results. In the Results section, include the rationale

or design of the experiments as well as the results;
reserve extensive interpretation of the results for the
Discussion section. Present the results as concisely as
possible in one of the following: text, table(s), or fig-
ure(s). Avoid extensive use of graphs to present data
which might be more concisely presented in the text or
tables. For example, except in unusual cases, double-
reciprocal plots used to determine apparent K,, values
should not be presented as graphs; instead, the values
should be stated in the text. Similarly, graphs illustrating
other methods commonly used to derive kinetic or phys-
ical constants (e.g., reduced-viscosity plots and plots
used to determine sedimentation velocity) need not be
shown except in unusual circumstances. All tabular data
must be accompanied by either standard deviation val-
ues or standard errors of the means. The number of
replicate determinations (or animals) used for making
such calculations must also be included. All statements
concerning the significance of the differences observed
should be accompanied by probability values given in
parentheses. The statistical procedure used should be
stated in Materials and Methods. Limit illustrations
(particularly photomicrographs and electron micro-
graphs) to those that are absolutely necessary to show
the experimental findings. Number figures and tables in
the order in which they are cited in the text, and be sure
to cite all figures and tables.

Discussion. The Discussion section should provide an
interpretation of the results in relation to previously
published work and to the experimental system at hand.
It must 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 received for the work being published must be
indicated in the Acknowledgments section. (It will be
assumed that the absence of such an acknowledgment is
a statement by the authors that no support was re-
ceived.) The usual format is as follows: “This work was
supported by Public Health Service grant CA-01234
from the National Cancer Institute.”

Recognition of personal assistance should be given as
a separate paragraph.

Appendixes. Appendixes, which contain supplemen-
tary material to aid the reader, are permitted. Titles,
authors, and References sections that are distinct from
those of the primary article are not allowed. If it is not
feasible to list the author(s) 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 full-length
or Note style. Equations, tables, and figures should be
labeled with the letter “A” preceding the numeral to
distinguish them from those cited in the main body of
the text.
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References. (i) Works listed in References. The Ref-
erences section must include all journal articles (both
print and online), books and book chapters (both print
and online), patents, theses and dissertations, and pub-
lished conference proceedings (not abstracts; see be-
low), as well as in-press journal articles, book chapters,
and books (publication title must be given). All listed
references must be cited in the text. Arrange the cita-
tions in alphabetical order (letter by letter, ignoring
spaces and punctuation) by first author and number
consecutively. Abbreviate journal names according to
BIOSIS Serial Sources (BIOSIS, Philadelphia, Pa., 2002).
Cite each listed reference by number in the text.

Follow the styles shown in the examples below.

Print references:

1. Arendsen, A. F., M. Q. Solimar, and S. W. Ragsdale.
1999. Nitrate-dependent regulation of acetate biosyn-
thesis and nitrate respiration by Clostridium ther-
moaceticum. J. Bacteriol. 181:1489-1495.

2. Cox, C. S., B. R. Brown, and J. C. Smith. J. Gen.
Genet., in press.* {Article title is optional; journal title
is mandatory. }

3. De Ley, J., M. Gillis, and J. Swings. 1984. Family VI.
Acetobacteraceae Gillis and De Ley 1980, 23"%, p.
267-278. In N. R. Krieg and J. G. Holt (ed.), Bergey’s
manual of systematic bacteriology, vol. 1. Williams &
Wilkins, Baltimore, Md.

4. Dunne, W. M., Jr., F. S. Nolte, and M. L. Wilson.
1997. Cumitech 1B, Blood cultures III. Coordinating
ed., J. A. Hindler. American Society for Microbiol-
ogy, Washington, D.C.

5. Fitzgerald, G., and D. Shaw. /In A. E. Waters (ed.),
Clinical microbiology, in press. EFH Publishing Co.,
Boston, Mass.* {Chapter title is optional.}

6. Gershon, A. A., P. LaRussa, and S. P. Steinberg.
1999. Varicella-zoster virus, p. 900-911, In P. R. Mur-
ray, E. J. Baron, M. A. Pfaller, F. C. Tenover, and
R. H. Yolken (ed.), Manual of clinical microbiology,
7th ed. American Society for Microbiology, Washing-
ton, D.C.

7. Green, P. N., D. Hood, and C. S. Dow. 1984. Taxo-
nomic status of some methylotrophic bacteria, p. 251-
254. In R. L. Crawford and R. S. Hanson (ed.), Mi-
crobial growth on C1 compounds. Proceedings of the
4th International Symposium. American Society for
Microbiology, Washington, D.C.

8. Odell, J. C. April 1970. Process for batch culturing.
U.S. patent 484,363,770. {Include the name of the pat-
ented item/process if possible. }

9. O’Malley, D. R. 1998. Ph.D. thesis. University of Cal-
ifornia, Los Angeles. {Title is optional.}

*A reference to an in-press ASM publication should
state the control number (e.g., JCM 577-02) if it is a
journal article or the name of the publication if it is a
book.

Online references:

1. Sullivan, C. J. (ed.). 1999-2001. Fungi: an evolving
electronic resource for the microbiological commu-
nity. ASM Press. [Online.] http://link.asmusa.de/link
/service/books/91090. Accessed 7 September 2001.
{For online-only books.}

2. van der Zeiss, L., and V. B. Danziger. 1999. History of
clinical microbiology. Clin. Microbiol. 100:123-234.
[Online.| {For online versions of print journals.}

3. Zellnitz, F., and P. M. Foley. 2 October 1998, posting
{or revision} date. History of virology. Am. Virol. J.
1:30-50. [Online.] http://www.avj.html. {For online-
only journals; page numbers may not be available. }

4. Zheng, Z., and J. Zou. 5 September 2001. The initial
step of the glycerolipid pathway: identification of glyc-
erol-3-phosphate/dihydroxyacetone phosphate dual
substrate acyltransferases in Saccharomyces cerevi-
siae. J. Biol. Chem. 10.1074/jbc.M104749200. {For pa-
pers published online in manuscript form. }

(ii) Items cited in the text. References to unpublished
data, articles submitted for publication, meeting ab-
stracts, personal communications, letters and authors’
replies to letters, company publications, patent applica-
tions and patents pending, databases, and websites
should be made parenthetically in the text as follows.

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

... system was used (J. L. McInerney, A. F. Holden, and
P. N. Brighton, submitted for publication).

...in mitochondria (S. De Wit, C. Thioux, and N.
Clumeck, Abstr. 34th Intersci. 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, 1999).

... discussed previously (S. L. W. On and P. A. R. Van-
damme, Authors’ Reply to Letter, J. Clin. Microbiol.
39:2751-2752, 2001).

... the manufacturer (Sigma manual, Sigma Chemical
Co., St. Louis, Mo.).

... this process (V. R. Smoll, 20 June 1999, Australian
Patent Office). {For non-U.S. patent applications, give the
date of publication of the application.}

... information found at the XYZ website (http://cbx
_iou.pgr).

...the ABC program (version 2.2; Department of Mi-
crobiology, State University [http://www.stu.micro]).

URL: for companies that produce any of the products
mentioned in your study or for products being sold may
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NOT be included in the article. However, company
URLSs that permit access to scientific data related to the
study or to shareware used in the study are permitted.

Notes

Submit Notes in the same way as full-length papers.
They receive the same review, they are not published more
rapidly than full-length papers, and they are not considered
preliminary communications. The Note format is in-
tended for the presentation of brief observations that do
not warrant full-length papers. However, Notes should
contain firm data; observations alone are not acceptable.

Each Note must have an abstract of no more than 50
words. Do not use section headings in the body of the
Note; report 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
exceed 1,000 words; the number of figures and tables
should also be kept to a minimum. Materials and meth-
ods should be described in the text, not in figure legends
or table footnotes. Acknowledgments should be pre-
sented as in full-length papers, but no separate heading
is used. The References section is identical to that of
full-length papers.

Minireviews

Minireviews are brief (limit of 6 printed pages exclu-
sive of references) biographical profiles, historical per-
spectives, or summaries of developments in fast-moving
areas. They must be based on published articles; they
may address any subject within the scope of the journal.

Minireviews may be either solicited or proffered by
authors responding to a recognized need. Irrespective of
origin, Minireviews are subject to editorial review, and
three double-spaced copies of the manuscript should be
sent directly to the ASM Journals Department. The
cover letter should state whether the article was solicited
and by whom.

Minireviews do not have abstracts. The body of the
Minireview may either have section headings or be set
up like a Note (see above).

Guest Commentaries

Guest Commentaries are invited communications con-
cerning relevant topics in clinical microbiology that are
not necessarily covered by Minireviews. They are in-
tended to engender discussion and stimulate consensus
statements by such organizations as the American Acad-
emy of Microbiology, National Committee for Clinical
Laboratory Standards, etc. Reviews of the literature,
methods and other how-to papers, and responses tar-
geted at a specific published paper are not appropriate.
Guest Commentaries are subject to editorial review.

The length may not exceed 4 printed pages. The for-
mat is like that of a Minireview (see above). Three dou-
ble-spaced copies of the manuscript should be sent di-
rectly to the ASM Journals Department.

Case Reports

While a full-length article or a Note may contain a
case report section when the report is incidental to the
rest of the paper, a specific Case Report format must be
used when the report constitutes the entire article.

A Case Report must include an abstract of no more
than 50 words. The text starts with presentation of the
case under the section heading “Case Report”; there is
no introductory text before the Case Report heading.
After the case is presented, the rest of the text follows in
a separate section after a ruled line to separate the
sections. No separate head is used for this short discus-
sion section, but paragraph lead-ins are permitted. The
total number of tables and figures (combined) must not
exceed 3. For a recent example of a correctly formatted
Case Report, see J. Clin. Microbiol. 39:1678-1679, 2001.

Letters to the Editor

Two types of Letters to the Editor may be submitted.
The first type is intended for comments on articles pub-
lished previously in the journal and must cite published
references to support the writer’s argument. The second
type may report new, concise findings that are not ap-
propriate for publication as full-length papers or Notes.

Letters may be no more than 500 words long and must
be typed double spaced. Refer to a recently published
letter for correct formatting. Note that authors and af-
filiations are listed at the foot of the letter. Authors with
the same affiliation must be listed together. The order of
author names will be changed as necessary by the Jour-
nals staff to avoid repetition of an address.

For each type of letter, send three copies, along with
a disk, to the Journals Department for processing. (Since
letters are sometimes accepted without modification, a
disk should be supplied at the submission stage to avoid
a delay in publication.)

If the letter is related to a published article, it will be
sent to the editor who handled the article in question. If
the editor believes that publication is warranted, he will
solicit a reply from the corresponding author of the article
and give approval for publication.

If a letter consists of new findings, it will be assigned
to an editor according to subject matter and will be re-
viewed by that editor and a reviewer.

Please note that some indexing/abstracting services
may not include Letters to the Editor in their databases.

Errata

The Erratum section provides a means of correcting
errors that occurred 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 Journals Department, both on disk
and in hard copy (only one hard copy is necessary).
Please see a recent issue for correct formatting.
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Authors’ Corrections

The Author’s Correction section provides a means of
correcting errors of omission (e.g., author names or cita-
tions) and errors of a scientific nature that do not alter the
overall basic results or conclusions of a published article.

For omission of an author’s name, the authors of the
article and the author whose name was inadvertently
omitted must agree, in writing, to publication of the
correction. Copies of the agreement letters must accom-
pany the correction and be sent directly to the Journals
Department. Send the correction both on disk and in
hard copy (only one hard copy is necessary). Please see
a recent issue for correct formatting.

Corrections of a scientific nature (e.g., an incorrect
unit of measurement or order of magnitude used through-
out; contamination of one of numerous cultures; or mis-
identification of a mutant strain, causing erroneous data
for only a portion [noncritical] of the study) must be
sent, both on disk and in hard copy, directly to the editor
who handled the article and must be accompanied by
signed letters of agreement from all of the authors of the
article. If the editor believes that publication is war-
ranted, he will send the correction to the Journals De-
partment for publication. Note that the addition of new
data is not permitted.

Retractions

Retractions are reserved for major errors or breaches
of ethics that, for example, may call into 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 signed by all of the authors
directly to the editor in chief of the journal. The editor
who handled the paper and the chairman of the ASM
Publications Board will be consulted. If all parties agree
to the publication and content of the Retraction, it will
be sent to the Journals Department for publication.

Disclaimers

Statements disclaiming governmental or any other
type of endorsement or approval will be deleted by the
Journals Department.

ILLUSTRATIONS AND TABLES

The figure number and authors’ names should be writ-
ten on all figures, either in the margin or on the back
(marked lightly with a soft pencil). For micrographs es-
pecially, the top should be indicated as well. Do not
include the figure number in any lettering or labeling
applied to the figure. This information belongs in the
legend and in any case may need to be changed before
the article is published.

Do not cite references by number in camera-ready
copy; the numbering may change when the manuscript is
copyedited.

Do not clasp figures to each other or to the manu-
script with paper clips. Insert small figures in an enve-
lope. To avoid damage in transit, do not submit illustra-
tions larger than 82 by 11 inches.

Ilustrations in published articles will not be returned
to authors.

Continuous-Tone and Composite Illustrations

When submitting continuous-tone photographs (e.g.,
polyacrylamide gels), keep in mind the journal page
width: 3%16 inches for a single column and 675 inches for
a double column (maximum). Include only the signifi-
cant portion of an illustration. Photos must be of suffi-
cient contrast to withstand the inevitable loss of contrast
and detail inherent in the printing process. Submit one
photograph of each continuous-tone figure for each copy
of the manuscript; photocopies are not acceptable. If
possible, the figures submitted should be the size they
will appear when published so that no reduction is nec-
essary. If they must be reduced, make sure that all ele-
ments, including labeling, can withstand reduction and
remain legible.

If a figure is a composite of a continuous-tone photo-
graph and a drawing or labeling, the original composite
(i.e., not a photograph of the composite) must be pro-
vided for the printer. This original, labeled “printer’s
copy,” may be sent with the modified manuscript to the
editor. Composites should be mounted on lightweight
flexible backing, not on heavy cardboard.

Electron and light micrographs must be direct copies
of the original negative. Indicate the magnification with
a scale marker on each micrograph.

Color Photographs and Illustrations

Because the process of placing ink on paper by using
printing presses is different from that used to produce a
photo print or a laser print, some differences in color
and contrast between the photo you submit and the
photo printed in the journal will be evident. (Figures
showing red or green fluorescence and those with a
significant range of colors may be difficult or impossible
to reproduce exactly.) To help our printer minimize the
differences and produce an image of the highest possible
quality, please identify on a photocopy of your color
figure any areas where fine detail or a good color match
is particularly important. Explain what must be evident
on the figure; e.g., circle a group of cells and say “Indi-
vidual cells (red spots) must be clearly differentiated in
here.” Include this marked photocopy when sending the
revised version of the manuscript to the editor at the
modification stage.

The cost of printing in color must be borne by the
author. Adherence to the following guidelines will help
to minimize costs and to ensure color reproduction that
is as accurate as possible.

Keep in mind the journal page width (3%6 inches for
a single column and 674 inches for a double column) and
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height (9% inches) and submit figures at the size they
should appear when published so that no reduction is
necessary. Include only the significant portions of illus-
trations so that the number of printed pages containing
color figures is minimized. Make sure that all edges are
straight and corners are square. To reduce the cost,
mount separate panels together as a composite “plate”
when possible and add any necessary labels and tool-
ing (i.e., thin white lines between the parts) that is of
even width. Composites should be mounted on light-
weight flexible backing so that they can be wrapped
around a scanner drum. (If a composite is mounted on
a heavy board and cannot be wrapped on the drum, a
transparency will have to be produced, at additional cost.)

For optimal color reproduction, plates should com-
prise parts containing similar colors of similar lightness
or darkness. If necessary, separate unlike photos on a
single plate into two separate plates; this will increase
the cost, but the color rendition will be more accurate
since the two plates will be scanned separately.

See also “Computer-Generated Images” below.

Computer-Generated Images

We encourage authors to submit figures digitally if pos-
sible. The use of digital files results in a better final
product than does the use of hard-copy printouts. Im-
ages produced by authors’ desktop systems are digitized
and printed as patterns of dots. This presents problems
for the reproduction of such prints in the journal be-
cause the printing process also requires that the images
be broken up into a dot pattern. Performing this process
twice results in degradation of image quality and reso-
lution. It is possible to use prints produced by desktop
systems, but they will have to be scanned slightly out of
focus to avoid interference of the dot patterns, and thus
ASM cannot guarantee the quality of their reproduction.
It is preferable either to replace these images with con-
tinuous-tone photographs of the figures in question,
which can be scanned normally and will produce high-
quality printed photographs, or to submit illustrations
electronically. Should you be interested in electronic submis-
sion of art, please read the instructions provided below and
those posted on the Internet at http://cjs.cadmus.com/da.

At the time of submission, submit only hard-copy
printouts of each figure. With the revised manuscript,
submit both a hard copy of each figure and a disk. The
disk must be labeled clearly with the manuscript control
number and the name(s) of the file(s). Indicate whether
the disk contains only figures or both text and figures.
Failure to clearly label the disk will result in a delay of
publication. The hard copy MUST match the figure on
the disk exactly (both content and size). Failure to submit
hard copy or submission of a copy that does not match
the disk version exactly will result in a delay of publica-
tion. The type of software used and the number of im-
ages stored must be indicated on each disk.

Currently, ASM will accept digital art created only
with a graphics program listed below:

Macintosh
Adobe Illustrator 6.0, 7.0, 8.0, 9.0
Adobe Photoshop 4.0, 5.0, 5.0 LE,* 5.5, 6.0
Adobe InDesign 1.0
Deneba Canvas 5.0, 6.0, 7.0
Macromedia FreeHand 7.0, 8.0, 9.0
QuarkXPress 3.32
Synergy Kaleidagraph 3.08, 3.5, 3.51*
ClarisDraw 1.0*
CA CricketGraph III 1.5.3*
Core]DRAW 6.0, 8.0
Adobe PageMaker 6.5
Corel Photo-Paint 8.0
ChemDraw Pro 5.0
PowerPoint 98, 2001
Prism 3 by GraphPad*

Windows
Adobe Photoshop 4.0, 5.0, 5.0 LE,* 5.5, 6.0
Adobe InDesign 1.0
Macromedia FreeHand 7.0, 8.0, 9.0
QuarkXPress 3.32
Adobe Illustrator 7.0, 8.0, 9.0
CorelDRAW 7.0, 8.0, 9.0
Adobe PageMaker 6.5
Deneba Canvas 6.0, 7.0
Corel Photo-Paint 8.0, 9.0
ChemDraw Pro 5.0
PowerPoint 97, 2000, XP
Prism 3 by GraphPad*

*ASM accepts only black-and-white, not color, graphics
created with Kaleidagraph, ClarisDraw, Adobe Photoshop
5.0 LE, Prism 3, and CricketGraph.

Images produced with other types of software will
NOT be accepted; ASM will instead use the hard copy
submitted with the disk.

See below for information on saving the figures, me-
dia, compression, resolution, and size:

Saving the figures
Black-and-white graphics: TIFF or EPSt
Color graphics: EPS in CMYK modei

tException: black-and-white graphics created with Adobe
InDesign 1.0 or CricketGraph must be saved as EPS
files. For PowerPoint, refer to Cadmus’s digital art web-
site at http://cjs.cadmus.com/da.

tException: color graphics created with Adobe Photo-
shop or ChemDraw Pro may be saved as CMYK TIFF
files. Do not save color graphics in RGB. For Power-
Point, refer to Cadmus’s digital art website at http://cjs
.cadmus.com/da.

Acceptable media
3.5-inch floppy disks (formatted for Macintosh or
Windows)
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44-, 88-, or 200-MB SyQuest disks (formatted for
Macintosh)

650-MB magneto-optical disks (formatted for Macin-
tosh)

Iomega Zip disks (formatted for Macintosh or Win-
dows)

CD-ROM (formatted for Macintosh or Windows)

Iomega Jaz disks (formatted for Macintosh or Win-
dows)

Imation Super Disk 120MB (formatted for Macintosh)

(Note that disks and CD-ROMs will not be returned
to the author.)

Acceptable compression
PKZIP or WINZIP for Windows
Stuffit for Macintosh
Any self-extracting compression software

Please indicate on the disk whether the file is com-
pressed.

Minimum resolution
300 dpi for gray scale and color
600 dpi for the lettering
1,200 dpi for line art

Size
All graphics MUST be submitted at their actual size;
that is, they should be 100% of their print dimensions so
that no scaling is necessary.
Maximum width for a 1-column figure: 3% inches
Maximum width for a 2-column figure: 674 inches
Minimum width for a 2-column figure: 4's inches
Maximum depth: 9%6 inches

Make sure that any multipanel figures are assembled
into one file; i.e., rather than sending a separate file for
each panel in a figure, assemble all panels in one piece
and supply them as one file.

Label and lock the disk. Never send the only copy of
a file. All final lettering, labeling, tooling, etc., MUST be
incorporated into the final supplied figures. It cannot be
added at a later date. Do not include the figure number
in the image. To avoid font problems, set all type in
Helvetica, Times New Roman, European PI, Mathemat-
ical PI, or Symbol. All fonts must be Type 1 PostScript.
All type set in illustration programs should be converted
to paths or outlines to ensure the quality of the type
without requiring that any fonts be sent. Do NOT use
complex paths, areas that require trapping, or RGB files.

If you require further information, please send an
e-mail inquiry to digitalart@cadmus.com. Inquiries will
be answered within 48 h, during normal business hours.

Since the contents of computer-generated images can
be manipulated for better clarity, the Publications Board
at its May 1992 meeting indicated that a description of
the software/hardware used should be indicated in the
figure legend(s).

Drawings

Submit graphs, charts, complicated chemical or math-
ematical formulas, diagrams, and other drawings as glossy
photographs made from finished drawings not requiring
additional artwork or typesetting. Computer-generated
graphics produced on high-quality laser printers are
also usually acceptable. No part of the graph or drawing
should be handwritten. Both axes of a graph must be
labeled.

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

1. Submit the art as close to its final size as possible.
Most graphs can be reduced to one-column width (3%
inches). If the art is larger than it will appear in the jour-
nal, all elements in the figure should be large enough to
withstand reduction.

2. Avoid using screens in line art. It can be difficult and
time-consuming to reproduce these images without moiré
patterns. Various pattern backgrounds are preferable to
screens.

3. If you must provide an image that has screens in it:

* Submit the image at its final size. Generate the im-
age at line screens of 85 lines per inch or lower.

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

* Never use levels of gray below 20% or above 70% as
they will fade out or become totally black upon
scanning and reduction.

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

5. No type should be smaller than 9 point at the final
reduced size.

6. Avoid layering type directly over shading or textured
areas.

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

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

In figure ordinate and abscissa scales (as well as table
column headings), avoid ambiguous use of numbers with
exponents. Usually, it is preferable to use the appropri-
ate Systeme International d’Unités (SI) symbols (. for
107°, m for 103, k for 10°, M for 10°, etc.). A complete
listing of SI symbols can be found in the International
Union of Pure and Applied Chemistry (IUPAC) “Man-
ual of Symbols and Terminology for Physicochemical
Quantities and Units” (Pure Appl. Chem. 21:3-44, 1970).
Thus, a representation of 20,000 cpm on a figure ordi-
nate should be made by the number 20 accompanied by
the label kcpm.

When powers of 10 must be used, the journal requires
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that the exponent power be associated with the number
shown. In representing 20,000 cells per ml, the numeral
of the ordinate would be “2” and the label would be “10*
cells per ml” (not “cells per ml X 10~*”). Likewise, an
enzyme activity of 0.06 U/ml would be shown as 6 ac-
companied by the label 10~2 U/ml. The preferred des-
ignation would be 60 mU/ml (milliunits per milliliter).

Presentation of Nucleic Acid Sequences

Nucleic acid sequences of limited length which are the
primary subject of a study may be presented freestyle in
the most effective format. Longer nucleic acid sequences
must be presented in the following format to conserve
space. Submit the sequence as camera-ready copy with
dimensions of 82 by 11 inches (or slightly less) in stan-
dard (portrait) orientation. Print the sequence in lines of
100 bases, each in a nonproportional (monospace) font
which is easily legible when published at 100 bases/6
inches. Uppercase and lowercase letters may be used to
designate the exon-intron structure, transcribed regions,
etc., if the lowercase letters remain legible at 100 bases/6
inches. Number the sequence line by line; place numer-
als, representing the first base of each line, to the left of
the lines. Minimize spacing between lines of sequence,
leaving room only for annotation of the sequence. An-
notation may include boldface, underlining, brackets,
boxes, etc. Encoded amino acid sequences may be pre-
sented, if necessary, immediately above or below the first
nucleotide of each codon, by using 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 enough 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 unique to one of
several experiments may be reported in a legend only 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

Type each table on a separate page. Arrange the data
so that columns of like material read down, not across.
The headings should be sufficiently clear so that the
meaning of the data is understandable without reference
to the text. See the Abbreviations section of these in-
structions for those that should be used in tables. Ex-
planatory footnotes are acceptable, but more extensive
table “legends” are not. Footnotes should not include
detailed descriptions of the experiment. Tables must
include enough information to warrant table format;

those with fewer than six pieces of data will be incorpo-
rated into the text by the copy editor. Table 1 is an
example of a well-constructed table.

Tables that can be photographically reproduced for
publication without further typesetting or artwork are
referred to as “camera ready.” They should not be hand
lettered and must be carefully prepared to conform to
the style of the journal. The advantage of submitting
camera-ready copy is that the material will appear ex-
actly as envisioned by the author and no second proof-
reading is necessary. This is particularly advantageous
when there are long, complicated tables and when the
division of material and spacing are important.

TABLE 1. Correlation between detection of V-Z viral antibody by
neutralization and by EIA and IAHA“

No. of samples with V-Z

: virus-neutralizing antibody Correlation
Antibody (%)
Positive” Negative

EIA
Positive 50 4 04
Negative 3 64

TAHA
Positive® 37 0 87
Negative 16 68
¢ Sera from individuals without evidence of a current V-Z virus infection.
b Titer > 1:4.
¢ Titer > 1:8.

NOMENCLATURE

Chemical and Biochemical Nomenclature

The recognized authority for the names of chemical
compounds is Chemical Abstracts (Chemical Abstract
Service, Ohio State University, Columbus) and its in-
dexes. The Merck Index, 12th ed. (CRC Press LLC,
Boca Raton, Fla., 1996), is also an excellent source. For
biochemical terminology, including abbreviations and
symbols, consult Biochemical Nomenclature and Related
Documents (1978; reprinted for The Biochemical Soci-
ety, London, England) and the instructions to authors of
the Journal of Biological Chemistry and the Archives of
Biochemistry and Biophysics (first issues of each year).

Do not express molecular weight in daltons; molecular
weight is a unitless ratio. Molecular mass is expressed in
daltons.

For enzymes, use the recommended (trivial) name
assigned by the Nomenclature Committee of the Inter-
national Union of Biochemistry (IUB) as described in En-
zyme Nomenclature (Academic Press, Inc., New York,
N.Y., 1992). If a nonrecommended name is 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 in katals (pre-
ferred) or in the older system of micromoles per minute.
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Drugs

Whenever possible, use generic names of drugs; the
use of trade names is not permitted.

Nomenclature of Microorganisms

Binary names, consisting of a generic name and a
specific epithet (e.g., Escherichia coli), must be used for
all microorganisms. Names of categories 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 in full the first
time it is used in a paper. Thereafter, the generic name
should be abbreviated to the initial capital letter (e.g., E.
coli), provided there can be no confusion with other
genera used in the paper. Names of all taxa (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
Salmonella, genus, species, and subspecies names should
be rendered in standard form: Salmonella enterica at first
use, S. enterica thereafter; Salmonella enterica subsp. ari-
zonae at first use, S. enterica subsp. arizonae thereafter.
Names of serovars should be in roman type with the first
letter capitalized: Salmonella enterica serovar Typhi-
murium. After the first use, the serovar may also be
given without a species name: Salmonella serovar Typhi-
murium. For other information regarding serovar desig-
nations, see Identification and Serotyping of Salmonella
and an Update of the Kaufmann-White Scheme (A. C.
McWhorter-Murlin and F. W. Hickman-Brenner, Cen-
ters for Disease Control and Prevention, Atlanta, Ga.)
and Antigenic Formulas of the Salmonella Serovars (M. Y.
Popoff and L. Le Minor, WHO Collaborating Centre for
Reference and Research on Salmonella, Institute Pas-
teur, Paris, France, 1997).

The spelling of bacterial names should follow the Ap-
proved Lists of Bacterial Names (amended edition)
(V. B. D. Skerman, V. McGowan, and P. H. A. Sneath,
ed., American Society for Microbiology, 1989) and the
validation lists published in the International Journal of
Systematic and Evolutionary Microbiology (formerly the In-
ternational Journal of Systematic Bacteriology) since January
1989. In addition, two sites on the World Wide Web list
current approved bacterial names: Bacterial Nomenclature
Up to Date (http://www.dsmz.de/bactnom/bactname.htm)
and List of Bacterial Names with Standing in Nomen-
clature (http://www.bacterio.cict.fr). If there is reason to
use a name that does not have standing in nomenclature,
the name should be enclosed in quotation marks and an
appropriate statement concerning the nomenclatural
status of the name should be made in the text.

It is recommended that a strain be deposited in a
recognized culture collection when that strain is neces-
sary for the description of a new taxon (see Bacteriolog-
ical Code, 1990 Revision, American Society for Micro-
biology, 1992).

Since the classification of fungi is not complete, it is

the responsibility of the author to determine the ac-
cepted binomial for a given organism. Sources for these
names include The Yeasts: a Taxonomic Study, 4th ed. (C.
P. Kurtzman and J. W. Fell, ed., Elsevier Science Pub-
lishers B.V., Amsterdam, The Netherlands, 1998), and
Ainsworth and Bisby’s Dictionary of the Fungi, Including
the Lichens, 7th ed. (Commonwealth Mycological Insti-
tute, Kew, Surrey, England, 1983).

Names used for viruses should be those approved by
the International Committee on Taxonomy of Viruses
(ICTV) and published in Virus Taxonomy: Classification
and Nomenclature of Viruses: Seventh Report of the Inter-
national Committee on Taxonomy of Viruses (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 taxonomic entity, the species name, like other taxa, is
italic and has the first letter and any proper nouns cap-
italized (e.g., Tobacco mosaic virus, Murray Valley enceph-
alitis virus). When the behavior or manipulation of individ-
ual viruses is discussed, the vernacular (e.g., tobacco
mosaic virus, Murray Valley encephalitis virus) should be
used. If desired, synonyms may be added parenthetically
when the name is first mentioned. Approved generic (or
group) and family names may also be used.

Microorganisms, viruses, and plasmids should be giv-
en designations consisting of letters and serial numbers.
It is generally advisable to include a worker’s initials or
a descriptive symbol of locale, laboratory, etc., in the
designation. Each new strain, mutant, isolate, or deriv-
ative should be given a new (serial) designation. This
designation should be distinct from those of the geno-
type and phenotype, and italicized genotypic and phe-
notypic symbols 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 designation against a publication da-
tabase such as Medline.

Genetic Nomenclature

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

Before submission of manuscripts, authors may direct
questions on genetic nomenclature to the committee’s
chairman, D. P. Nierlich (e-mail, donn@microbio.ucla
.edu; fax, 310-206-5231). Such a consultation should be
mentioned in the final manuscript submission letter to
ASM.

Bacteria. The genetic properties of bacteria are de-
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scribed in terms of phenotypes and genotypes. The phe-
notype describes the observable properties of an organ-
ism. The genotype refers to the genetic constitution of
an organism, usually in reference to some standard wild
type. Use the recommendations of Demerec et al. (Ge-
netics 54:61-64, 1966) as a guide to the use of these
terms. If your manuscript contains information including
genetic nomenclature, please refer to the Instructions to
Authors in the January issue of the Journal of Bacteriology.

“Mutant” vs. “mutation.” Keep in mind the distinction
between a mutation (an alteration of the primary sequence
of the genetic material) and a mutant (a strain carrying one
or more mutations). One may speak about the mapping of
a mutation, but one cannot map a mutant. Likewise, a
mutant has no genetic locus, only a phenotype.

Tetracycline resistance determinants. The nomencla-
ture for tetracycline resistance determinants is based on
the proposal of Levy et al. (Antimicrob. Agents Chemo-
ther. 43:1523-1524, 1999). The style for such determi-
nants is, e.g., Tet B; the space helps distinguish the
determinant designation from that for phenotypes and
proteins (TetB). The above-referenced article also gives
the correct format for genes, proteins, and determinants
in this family.

Viruses. The genetic nomenclature for viruses differs
from that for bacteria. In most instances, viruses have no
phenotype, since they have no metabolism outside host
cells. Therefore, distinctions between phenotype and ge-
notype cannot be made. Superscripts are used to indi-
cate hybrid genomes. Genetic symbols may be one, two,
or three letters.

ABBREVIATIONS AND CONVENTIONS
Verb 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 tense for
your own general conclusions, the conclusions of previ-
ous researchers, and generally accepted facts. Thus, most
of the abstract, Materials and Methods, and Results will
be in the past tense, and most of the introduction and
some of the Discussion will be in the present tense.

Be aware that it may be necessary to vary the tense in
a single sentence. For example, it is correct to say
“White (30) demonstrated that XYZ cells grow at pH
6.8, “Figure 2 shows that ABC cells failed to grow at
room temperature,” and “Air was removed from the
chamber and the mice died, which proves that mice re-
quire air.” In reporting statistics and calculations, it is
correct to say “The values for the ABC cells are statis-
tically significant, indicating that the drug inhibited. . . .”

For an in-depth discussion of tense in scientific writ-
ing, see p. 207-209 in How To Write and Publish a Sci-
entific Paper, 5th ed.

Abbreviations

General. Abbreviations should be used as an aid to the
reader, rather than as a convenience for the author, and
therefore their use should be limited. Abbreviations oth-
er than those recommended by the IUPAC-IUB (Bio-
chemical Nomenclature and Related Documents, 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 paraphrase a
long word after its first use (e.g., “the drug” or “the
substrate”). Standard chemical symbols and trivial names
or their symbols (folate, Ala, Leu, etc.) may also be used.

It is strongly recommended that all abbreviations ex-
cept those listed below be introduced in the first para-
graph in Materials and Methods. Alternatively, define
each 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).

Not requiring introduction. In addition to abbrevia-
tions for Systeme International d’Unités (SI) units of
measurement, other common units (e.g., bp, kb, and
Da), and chemical symbols for the elements, the follow-
ing should be used without definition in the title, ab-
stract, text, figure legends, and tables: DNA (deoxyri-
bonucleic acid); cDNA (complementary DNA); RNA
(ribonucleic acid); cRNA (complementary RNA);
RNase (ribonuclease); DNase (deoxyribonuclease);
rRNA (ribosomal RNA); mRNA (messenger RNA);
tRNA (transfer RNA); AMP, ADP, ATP, dAMP,
ddATP, GTP, etc. (for the respective 5 phosphates of
adenosine and other nucleosides) (add 2'-, 3'-, or 5'-
when needed for contrast); ATPase, dGTPase, etc.
(adenosine triphosphatase, deoxyguanosine triphospha-
tase, etc.); NAD (nicotinamide adenine dinucleotide);
NAD™ (nicotinamide adenine dinucleotide, oxidized);
NADH (nicotinamide adenine dinucleotide, reduced);
NADP (nicotinamide adenine dinucleotide phosphate);
NADPH (nicotinamide adenine dinucleotide phosphate,
reduced); NADP™ (nicotinamide adenine dinucleotide
phosphate, oxidized); poly(A), poly(dT), etc. (polyade-
nylic acid, polydeoxythymidylic acid, etc.); oligo(dT), etc.
(oligodeoxythymidylic acid, etc.); UV (ultraviolet); PFU
(plaque-forming units); CFU (colony-forming units);
MIC (minimal inhibitory concentration); Tris [tris(hy-
droxymethyl)aminomethane]; DEAE (diethylaminoethyl);
EDTA (ethylenediaminetetraacetic acid); EGTA [ethyl-
ene glycol-bis(B-aminoethyl ether)-N,N,N’,N'-tetraace-
tic acid]; HEPES (N-2-hydroxyethylpiperazine-N'-2-eth-
anesulfonic acid); PCR (polymerase chain reaction); and
AIDS (acquired immunodeficiency syndrome). Abbrevia-
tions for cell lines (e.g., HeLa) also need not be defined.

The following abbreviations should be used without
definition in tables:

amt (amount)
approx (approximately)
avg (average)

SE (standard error)
SEM (standard error of the
mean)
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concn (concentration)
diam (diameter)

expt (experiment)
exptl (experimental)
ht (height)

mo (month)

sp act (specific activity)
sp gr (specific gravity)
temp (temperature)

tr (trace)

vol (volume)

vs (versus)

mol wt (molecular weight) wk (week)
no. (number) wt (weight)
prepn (preparation) yr (year)

SD (standard deviation)

Drugs. Should an author decide to abbreviate the
names of antimicrobial agents in a manuscript, the fol-
lowing standard abbreviations are recommended.

Antibacterial agents. Amikacin, AMK; amoxicillin,
AMX; amoxicillin-clavulanic acid, AMC; ampicillin,
AMP; ampicillin-sulbactam, SAM; azithromycin, AZM;
azlocillin, AZL; aztreonam, ATM; carbenicillin, CAR;
cefaclor, CEC; cefadroxil, CFR; cefamandole, FAM,; ce-
fazolin, CFZ; cefdinir, CDR; cefditoren, CDN; cefepime,
FEP; cefetamet, FET; cefixime, CFM; cefmetazole, CMZ;
cefonicid, CID; cefoperazone, CFP; cefotaxime, CTX;
cefoteten, CTT; cefoxitin, FOX; cefpodoxime, CPD; cef-
prozil, CPR; ceftazidime, CAZ; ceftibuten, CTB; cefti-
zoxime, ZOX; ceftriaxone, CRO; cefuroxime (axetil)
and cefuroxime (sodium), CXM; cephalexin, LEX;
cephalothin, CEF; cephapirin, HAP; cephradine, RAD;
chloramphenicol, CHL; cinoxacin, CIN; ciprofloxacin,
CIP; clarithromycin, CLR; clinafloxacin, CLX; clinda-
mycin, CLI; daptomycin, DAP; dicloxacillin, DCX;
dirithromycin, DTM; doxycycline, DOX; enoxacin,
ENX; erythromycin, ERY; fleroxacin, FLE; fosfomy-
cin, FOF; gatifloxacin, GAT; gentamicin, GEN; grepa-
floxacin, GRX; imipenem, IPM; kanamycin, KAN; levo-
floxacin, LVX; linezolid, LZD; lomefloxacin, LOM;
loracarbef, LOR; meropenem, MEM; methicillin, MET;
mezlocillin, MEZ; minocycline, MIN; moxalactam,
MOX; moxifloxacin, MXF; nafcillin, NAF; nalidixic
acid, NAL; netilmicin, NET; nitrofurantoin, NIT; nor-
floxacin, NOR; ofloxacin, OFX; oxacillin, OXA; penicil-
lin, PEN; piperacillin, PIP; piperacillin-tazobactam,
TZP; quinupristin-dalfopristin (Synercid), Q-D; rifabu-
tin, RFB; rifampin, RIF; rifapentine, RFP; sparfloxacin,
SPX; spectinomycin, SPT; streptomycin, STR; teicoplanin,
TEC; telithromycin, TEL; tetracycline, TET; ticarcillin,
TIC; ticarcillin-clavulanic acid, TIM; tobramycin, TOB;
trimethoprim, TMP; trimethoprim-sulfamethoxazole,
SXT; trovafloxacin, TVA; and vancomycin, VAN.

B-Lactamase inhibitors. Clavulanic acid, CLA; sulbac-
tam, SUL; and tazobactam, TZB.

Antifungal agents. Amphotericin B, AMB; clotrim-
azole, CLT; flucytosine, SFC; fluconazole, FLC; itracon-
azole, ITC; ketoconazole, KTC; nystatin, NYT; terbeni-
fine, TRB; and voriconazole, VRC.

Antiviral agents. Acyclovir, ACV; cidofovir, CDV;
famciclovir, FCV; foscarnet, FOS; ganciclovir, GCV;
penciclovir, PCV; and valaciclovir, VCV.

Reporting Numerical Data

Standard metric units are used for reporting length,
weight, and volume. For these units and for molarity, use
the 1preﬁxes m, w, n, and p for 1073, 107%, 1077, and
10~ "2, respectively. Likewise, use the prefix k for 10°.
Avoid compound prefixes such as mp or pp. Use pg/ml
or pg/g in place of the ambiguous ppm. Units of tem-
perature are presented as follows: 37°C or 324 K.

When fractions are used to express units such as enzy-
matic 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 “pwmol/g” is
preferable to “nmol/pg.” It is also preferable that an
unambiguous form such as exponential notation be used;
for example, “pwmol g~ min~'” is preferable to “wmol/g/
min.” Always report numerical data in the appropriate SI
unit.

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

Isotopically Labeled Compounds

For simple molecules, labeling is indicated in the
chemical formula (e.g., '*CO,, "H,0, and H,*SO,).
Brackets are not used when the isotopic symbol is
attached to the name of a compound that in its natural
state does not contain the element (e.g., **S-ATP) or
to a word that is not a specific chemical name (e.g.,
3!-labeled protein, '*C-amino acids, and *H-ligands).

For specific chemicals, the symbol for the isotope in-
troduced is placed in square brackets directly preceding
the part of the name that describes the labeled entity.
Note that configuration symbols and modifiers precede
the isotopic symbol. The following examples illustrate
correct usage:

[**C]urea
L-[methyl-'*C]methionine
[2,3-*H]serine
[a-"*C]lysine

UDP-[U-'*C]glucose

E. coli [**P]DNA

fructose 1,6-[1-*?P]bisphosphate
[y->*P]ATP

This journal follows the same conventions for iso-
topic labeling as the Journal of Biological Chemistry,
and more detailed information can be found in the
instructions to authors of that journal (first issue of
each year).

For your convenience, these Instructions are also available through the Internet at the following address: http://www.journals

.asm.org.
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