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Transformacoes

A Revista de Microbiclogia teve que passar por modificaces, de seu formato, para ajustar-se & crescenta
elevagho de custos de produciio ¢ ao aumente do numero de artigos, submetides para publicacio.

Q nove fermato permitir economia da ordem de 10-15%, na produgio grafica, embora nada signifiqua no
mgg\emo, quanto & composicde, isto & 3 producio de ‘matrizes’’ ou “artes”, como se use dizer na linguagem
gratica.

E preciso reconhecer 3 ajuda financeira concedida pala CNPg - Conselho Nacional de Desenvalvirments
Cientifico e Tecnolégico e FINEP - Financiadora de Estudos e Projetos, através de seu programa conjunto, de
apoio a revistas gientificas & a auxifios indiretos, concedidos peta CAPES - Coordenacio de Apetfeicoamentto de
Pessoal do Ensing Superior, nos altimos anes.

A Revista de Microbiclogia j4 passou por diffceis tempoes, quanda a grande luta ere estimular o aperfeicoa-
mento da matéria publicada, em forma e conteudo, Hoje, 0 caminho ¢ mais facil, mas muito ainda devers
acontecer,

Através de astimulo editorial, foi possivel reduzir o volume de palavras, sem comprometimento do con.
tedde € da pertinéncia, passando-se de 6-8 artigos para 13-15, por ndmero. A meta desejada ¢ 20-25 por
fascicula.

A Revista de Microbiologia & indexada per inimeras velculos especializados. Conseqiientemente, quanto
mais qualidade, pertinéncia, pontualidade e rapide: puderarn ser imprimidas, tanto maior serd a receptividade e
cireulagio, nacianal e internacional das informacBes.

Lamentavelmente, as boas transformaches, 3s vezes, 50 acompanhadas de mudangas ndo necessaria-
mente aceitas, com facilidade, por todos, Nestas dltimas, encontra-se a atual modificagdo no formatoe e compo-
sic8o da Revista de Microbiologia, cujo objetive & de aumentar a capacidade de publicagio de artigos, com os re-
cursos gue puderem ser obtidos,
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Resumo

A vizuigncia de 145 amostras de Fsewdornonas aeruginosa, isoladas de quatro servi-
cos do Hospital das Clinicas da UFMG, prevismente tipiicadas pela produciic de pioci-
na, fol investigada quanto 4 capacidade para produzir "hemolisina’’. Do Bercario, fo-
ram estudadas 57 armostras e 46 destas (80,7%), pertencentes a um mesmo tipo
piocinice, apregentaram titulo hemolitico baixo, isto &, igual ou menor gue 1:8, en-
quanto as outras, pertencentes a tipos diferentes, tiveram titulos gue variaram de
1:32—1:256, Do Centro de Tratamento Intensivo (CT1), foram estudadas 28 amos-
tras. Duas destas apresentaram titulo harmolitico intermadidrio (1:16) @ os restantes
(92,8%), cuja maigria pertence & um grupo nao tipdvel pela produgdo de piocina, mos-
traram titutos altos, Da Clinica Cirdrgica, 17 amostras pertencentes a cinco tipos dife-
rentes mostraram titulos variaveis. Da Clinica Uroldgica, 43 amostras, corm predo-
mindncia de ndo tpaveis, vararam quanto a capacidade de produzir "hemalising’”.

Summary

Markars of virulence of Pseudameonas aerugingsa. | — Tests *“in vitra®': hemolysin pro-
duction refated to pyacin tvpe

The virutence of 145 strains of Feeudomonas aeruginosa isolated from four wards of
the Hospital das Clinicas da UFMG, previeusly typed according to their production of
pyocin, was investigated in reference to their capacity to praduce ““hemolysin’. From
the Nursery, of 57 strains of a single pyocin type that wera examined, 46 of them
(80.7%) showed hemolysin titers of 1:8 ar less, while the other 11 strains, of various
pyocin types, showed titars between 1:32 and 1:256, Of 28 sirains isolated from the
intenzive Care Unit, only 2 of them showed hemaolysin titers ag low as 1:18, the re-
mainder (92.8%) showing titers of 1:32 upward {these were not related to pyocin pro-
dugtion “typing graups’’). in the cases of 17 straing from the Surgicat Unit (5 pyocin
production “'types’’) and 43 strains from the Urological Unit (mostly not "'pyocin
typad*’), there were wide variations in hemolysin titers that could not be gorrelated
significantly with pyocin types.

* Trabalho reatizade no Dept® de Microbiologia, Instituto de Ciéneias Bioldgicas UFMG, com auxilio da CAPES ¢
FINEP.
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introducio

Liu (7) obteve “"hemolising’’ de diversas espécies de Fseudomanas, com o emprego
da técnica introduzida por Birch-Hirschfeld (6. Liu verificou que a atividade hemolitica ndo
permite a distincio entre espécies de Pseudomonas, mas muitas das patogénicas para ani-
rmats, como Ps. geruginesa, apresentaram atividade hemolitica alta, enquanto para as nio
patogénicas essa atividade era nula ou baixa. Mais tarde, Liu, Abe & Bates (8), usando
duas amostras de Ps. aeruginosa, com maorfologia colonial e tipos soroldgicos diferentes,
isolaram seis fracdes com caracteristicas proprias. A fracdo I, insolavel em clorofdrmio,
ndo dialisdvel, termoestavel em pH 3.0, apresentava atividade hemolitica e toxicidade pa-
ra celulas Hel.a e animais. Berk {3), estudando a “*hemolisina” de Ps. aeruginosa, assinala
que a atividade étima se dd em pH 6.0 e que o composto pede ser purificado por precipi-
tagdo com sulfato de amdnia {50% de saturac8o) e através de coluna de Sephadex G-25.
Mediante uma série de fracionamentos em coluna, Berk (4) obteve fracfo, comn atividade
hemolitica, sem propriedade dermonecrosante para animais, porém ainda toxica para ca-
mundongos. Ramos (10}, considerando incompletas as pesquisas sobre purificaco ¢ re-
conhecimento da natureza quirmica da “‘hemolisina’’ de Ps. seruginosa e sua importancia
como fator de patogenicidade, realizou investigacdes que fhe permitiram obter uma fragédo
purificada contendo ramnose e acidos graxos — palmitico n beta hidroxidecandico e beta
hidrodecandico. Al-Dujaili & Harris (1) realizaram pesquisas no sentido de encontrar mar-
cador ou marcadores de viruléncia “'in vitro®’, que permitissem separar as amostras de Fs.
seruginosa em ambientais’’ e “‘infectantes’’. Os autores, com base em suas investi-
gacdes, sugerem gque a producio de hemolisina possa ser adequado marcador de vi-
ruléncia. Al-Duijaili (2) verificou que a “"hemolizina’’, entre outras substancias elaboradas
por Ps. aeruginosa, exibia maior atividade para macrdfagos alveolares do gue as isoladas
do meio ambiente e questiona se a habilidade de Ps. agruginoss para Iniciar infecedo do
trato respiratorio ndo poderia estar relacionada ao grau de producfo de ““hemolisina’’.

Sendo a atividade hemolitica um provavet fator de viruléneia para Ps. aeruginosa, jul-
gou-se importante determinar os titulos hemoliticos das amostras 1soladas de servigos
hospitalares por Melo & Peres (39} e compara-los com os tipos piocinicos das mesmas.

Material e Métodos

Froducdo de hemaolisina — A ‘'hemolisina’’, fracio Il de Liu {citolisina), foi produzida e ex-
traida segundo técnica de Liu, Abe & Bates (8), modificada, que consistiu no seguinte: uti-
lizou-se como meio de producio o agar extrato de carne com glicose e triptona (AEGT), en-
riquecido com 1% de glicose, preparado no nosso laboratoric & o AEGT (Difco Laborato-
ties, Detroit, Michigan, USA) também adiclonado de 1% de glicose {p/v). Volume de 0, 1mil
de cultura pura de 24h erm meio 81 (6) era espalhado, com zaragatoa estéril, sobre celofa-
ne colocado na superficie do meio de produco. A placa era incubada por 48h a 27°C. A
rmassa de células era colhida com 3,0ml de agua destilada estéril e centrifugada a
5000rpm durante 1h a 5°C. O sobrenadante era colhide, ajustade a pH 3.6 com HCI 0,1N
e aquecido por 1hmin, em banhg-maria, Em seguida, ajustava-se 0 pH para 7.0, Esse ex-
trato bruto, desprovido de gualquer atividade enzimatica, foi utilizado no presente traba-
lho, sob a denominagio de ‘hemolisina™.

Determinagao da atividade hemolitica — Inicialmente, testou-se o efeito em hemadcias hu-
manas, de coeiho, cobaio e pombo, utilizando-se suspensio de 1%, em soluco salina
isoténica. Como ndo se observou variacio da atividade citolitica, frente a hemdécias de di-
ferentes espécies a pela facilidade de obtencao, trabalhamos com hemdécias de cobaio, na
concentracdo de 1% e densidade Gtica, em torno de 300 unidades Klett-Summerson (filtro
verde).
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DiluicBes sucessivas de 1:2 a 1:256 em tampédo fosfata, de pH 5.8 2 6.2, no volume
de 0,5ml, eram feitas com a “"hemolisina’’, em tubos de sorologia (3}. A cada diluicio
acrescentava-se 0,5ml de suspensio padronizada de hemacias, deixava-se & temperatura
ambiente, procedendo-se & leitura apds 2 horas, por ndo ocorrer modificacio além desse
tempo.

Consideram-se positivas as diluigbes que apresentaram 100% de hemdlise. A quan-

tificacdo de “"hemolisina’’ foi dada pela maior diluiggo mostrando hemdlise total, variando
de 1:4 a 1:512.

Resultados

0s resultados da quantificacdo da atividade hemolitica, das amostras de Fs. aeruginosa,
encontram-se na Figura 1; as amostras de Pg. seruginosa, oriundas do Bercdrio, apresen-
tam menor atividade hemolitica do que aos dos demais servicos.

Os titulos de atividade hemaolitica foram correlacionados com os tipos piocinicos,
previamente determinados por Melo & Peres (9), pois, sendo estes marcadores epide-
miolégicos, seria interessante conhecer sua correlacdo com um provavel marcador de vi-
ruléncia, o que & mostrado na Tabela 1. Verifica-se que as amostras de Fs. geruginosa,
pertencentes ao tipo piocinico 373112, predominante no “"ambienta’’ (ar, pia, dgua de in-
cubzadora, mamadeira, e solucio de ““Milton’’) e de origem "humana’” {orofaringe e fezes
de recém-nascidos, erofaringe de enfermeira), apresentaram fraca atividade hemolitica, ou
seja, um titulo inferior ou igual a 1:8. No entanto, ocorreu grande variac8o do titulo he-
molitico, entre os tipos piocinicos ndo predominantes.

As amostras ambientais de Fs. aeruginosa, isoladas do CTl (ralos, pias de enfermaria
e das instalagbes sanitarias} apresentaram heterogeneidade de tipos, endquanto que as de
origem ‘‘hurnana’’ (escarro de pacientes, maos ¢ orofaringe de enfermeiros) constituem
um grupo de amostras nao tipaveis. Entre as 28 amostras analisadas, apenas duas apre-

sentaram titulo hemolitico de 1:186, enquanto para as demais o titulo fol igual ou superior &
1:32.

Figura 1 — Titulg de ~"hemaglisina’’ de amostras de Psewdomonas aeruginoss
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Da Clinica Cirdrgica, foram analisadas 17 amostras de Ps. aeruginesa, sendo uma de
origem ‘‘ambiental’’, isolada de pia e outras de origem “"humana’’ {ferida cirdirgica, méos e
orofaringe de enfermeiras e urinas de pacientes). Dez amostras pertenceram ao tipo
piocinico 611231 e seis entre estas tiveram titulo hemolftico igual ou maior que 1:32.

Da Clinica Uroldgica, foram estudadas 43 amostras de Ps. aeruginosa, sendo 24 de
origem “‘ambiental’’, isoladas de pias e 19 de origem humana {méos e orofaringe de enfer-
meiros e urina de pacientes). Os resultadoes dos titulos hemoliticos, apresentados na Tabe-
la 1, mostram que o grupoe das nio tipaveis divide-se em dois, quanto ge titulo hemolitico.

Discussio

O desenvolvimente de provas “‘in vitra’’, de execugdo relativamente simples e que
possam ser utilizadas come marcadares de viruléncia de Ps. aeruginesa, tem sido obisto
de investigacdes por varios autores. Porém, as amostras estudadas tém sido em ndmero
reduzido. Os resultados do presente trabalho trazem subsidios o assunto, considerando-
se 0 numero significativo de 145 armostras, oriundas de diferentes servicos hospitalares.

Fs. aeruginosa foi encontrada amplamente difundida no Bercario, cuja distribuicio
deve estar ligada a imperfeicdes na desinfeccdo das mamadeiras (9). Pelo menos em 50%
dos recém-nascidos houve colonizag8o pela bactéria sem, contudo, apresentar qualquer
problema relacianade a infecgbes hospitalares. Das 57 amostras estudadas neste servigo,
47 (82,4%) pertencem ao tipo piocinico 373112, ah predominante. Essas apresentaram
atividade hemolitica baixa, enquanto as outras, pertencentes a tipos piocinicos diferentes
& ocasionalmente em espécimes "ambientais’’, variaram quanto & capacidade em produzir
“hemolisina’’ {Tabela 1).

Os titulos elevados de “"hemolisina’’, encontrados para amostras de outros servicas,
530 sugestivos, embora ndo existiszem informacées seguras com relacBo & participacio
da maioria delas emn infecgdo,

A alta atividade hemolitica, apresentada pelas amostras do CTi, sugere a exjsténcia
de certa estabilidade genética para os tipos de Ps. geruginesa, no que diz respeito a pro-
ducio de piocina. Esses dados reforcam a idéla de se admitir um grupo ndo tipavel de
amostras virulentas, dadas as condices oferecidas pela naturerza do servico. No CTI,

Tabelz 1 — Yipo piocinico e tituio de “*hemolising’’ de 148 amostras de Ps. servginoss, isoladas de quatre sarvi- .
cas do Hespital das Clinicas da UFMG

Titulo de "hemolizing’

Servico Tipe piccinico
£ 1:8 1:16 1:32 — 1:B12

3731121(47)* 46 1 -
Beredrio 611111 (5 3 - 2
diversos (5) 2 e 3
I diversos (7) 1 &
e NTE (21) - 1 20
Clinica 621231 (10) 2 2 5]
Cirdrgica diversos (7) 3 1 3
" 421414 (12) 7 2 3
Slr';ga.-ca diverses (8) 3 - 5
g NT (23) 8 i 14

&. O nimero entre parénteses indica o nimero de amostras; b, Centre de Tratamento Intensive; ¢ nio tipdvel
pela produgdo de piocina.
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varios fatores s3o responsaveis peta implantacio de Fseudomonas, como presenca de in-
dividuos debilitados ou traumatizados, predispostos 2 infecco, e outros comeo: variedade
da procedéncia dos doentes, super-manussio e uso de mstrumental ao0s quais 0% paclen—
tes sho submetidos.

Na Clinica Cirdrgica, nove das 17 amostras estudadas forneceram titulos hemoliti-
cos altos e variados {Tabela 1). Mas, sabe-se que mesmo bactérias de baixo poder de vi-
ruléncia podem desenvolver infecgdes na ferida cirdrgica.

Na Clinica Urolégica, 22 {51,1%) das 43 amostras estudadas apresentaram ativida-
de hemolftica :gual ou superior a 1:32 (Tabela 1). Entre ag 23 amostras ndo tipificdveis pe-
la producdo de piocina, 14 (680,8%) tiveram titulos hemoliticos iguais ou acima de 1:32, e -
8 (34,2%) forneceram titulos baixos. Portanto, pela capacidade de produzir *'hemolisina’’,
essas amostras ndo tipadas sfo subdivididas em dois subgrupos, ou seja, um de amostras
corn titulos baixos, & outro altos. Nessa Clinica, a presenca de sondas de demora, em pa-
cientes operados, entre outros fatores, predispbe 3 colonizag@o por Ps. aeruginosa nos
pacientes.

A producgo de piocina parece ser marcador estavel. Com o objetivo de vetificar se a
producdo de “‘hemolisina’’, pelas amostras de Ps. aeruginosa também apresenta estabili-
dade genética, fez-se uma série de dez, vinte & trinta repiques em meio 81, em dias conse-
cutivas, de trés amostras de tituio 1:512. No final de cada série de repiques, determinou-
se a atividade hemolitica e todas elas continuaram fornecendo titulo de 1:512,

Para testar a producao de ‘‘hemolisina’’, estas amostras foram estudadas em AEGT,
manipulado no L.aboratorio de Bacteriologia Médica e no AEGT da Difco. Quando ambos 03
melos eram adicionados a 1% de glicose, verificou-se que as amostras mantinham © mes-
mo titulo hemolitico.

A sugestdo de Al-Dujaili & Harris (1), de que a atividade hemolitica possa ser um
marcador de viruléncia, & apoiada pelos resultados do presente trabatho, tevando-se em
canta dados epidemiolégicos. Ha informacia segura de que infecgdo hosgpitalar por Ps. ae-
ruginasa no Bercario ndo constitui problema, embora essa bactéria aparega colonizande a
rnaioria dos recém-nascidos. Por outro lado, as amostras do €71 foram isoladas por solici-
tagio do corpo meédico, que estaya alarmado com o aumento de infecgbes por Ps. aerugr-
nosa naguele servigo.
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Resumo

Viruléncia de 145 amostras de Fseudomonas aeruginesa, isoladas do Barcério, Centro
de Tratamento Intensive (CTH, Cliniga Cirdrgica e Urolagics do Hospital das Clinicas da
UFMG, previamente tipificadas pela produg8e de piecina & a determinacio da ativida-
da hemolitica & 2 sensibilidade ao cloreto de Benzalcdnio (CB) foram investigadas. De
59 amostras orivndas do Bergérie, 89,49% apresentaram atividade hemaolitica baixa, is-
1o &, igual ou menor que 1:16 ¢ 18,6% forarn sensivais ao CB. Das amostras izoladas
do CTI, 92 8% formeceram titulos altos de “‘hemolisina”™ e 75% se mostrararn
sensiveis ac CB. Nas Clinicas Cirdrgica e Urolégics respectivamente 80% e 51,1%
das amostras tiveram titulos de ‘hemolisina” maigres ou iguais a 1:32 e 60% ¢
76,7 % foram sensiveis ao CB. Qg resyltados da producdo de ‘hemolizina’” e da sensi-
bilidade ac CB 580 comparados com o tipo piocinieo numa tentativa de se encontrar
correfagdo entre esse marcador epidemioldgico & agueles provéveis marcadores de
viryléncia,

Summary

Markers of virtlence of Fseudomonas aeruginasa. il — Test “in vitra' hamolysin titers
compared with sensitivity to benzalkonium chiaride

The virulence of 1456 strains of Pseudomonas aeruginess isolated from Nursery, Intens
sive Cara, Surgical, and Urological Units {of the Hospital das Clinicas of UFMG) and
previously classified with respect to pyocin production capability was investigated.
The hemolysin titers and the sensitivity to benzalkonium chioride were determined for
each strain. Of 52 igolates from the Nursery, 51 strains (89.49%) showed “‘low’’ he-
molytic activity, with titers of 1:16 or less. Whan isolates from the Intensive Cate,
Surgical, and Urological Units were examined, 82.8%, 60%, and 51.1 % raspectively,
of the strains tested showed higher hemuolysin titers — of 1:32 and upward. With re-
gard to benzatkonium chioride, the sansitivitias of the isolates from the Nursery, Inten-
sive Care, Surgical, and Urologigal Units were 18.68%, 75%, 60% and 76.7%,
raspectivaly.

* Trabalho executado no Dept? de Microbiologia, Instituto de Ciéncias Bioldgicas UFMG, com auxilio da CAPES
e FINEP.
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Introducio

O cloreto de benzalconio (CR) e outros derivados quaternérios de amébnia séo ampla-
mente usados como desinfetantes e preservadores antimicrobianos, em solugdes para uso
parental e topico. Todavia, a colonizac@o de solu¢Ges, contendo sais quaternarios de
amdnia, por Ps. aeruginosa, tem causado infeccBes hospitalares sérias e fatais {4).

O comportamento de Ps. aeruginosa, frente ao CB, tem sido objeto de estudos.
Adair, Geftic & Gelzer (1) conseguiram adaptar, 4 concéntragao de Tmg/ml de CB, a amos-
tra ndmero 9027 da ATCC, que apresentava resisténcia natural a 0,2mg/ml da droga. Os
mesmos pesquisadores demonstravam que a referida amostra de Fs. geruginosa fol capaz
de utilizar o CB como fonte de carbono, guando cultivada em meio mineral, contendo sulfa-
to de aménia como fonte de nitrogénio. Por outro lado, notaram que Ps. aeruginosa, capaz
de sobreviver e multiplicar-se na presenca de altos niveis de CB, apresentava alteragbes
culturais, metabolicas e em sua ultra-estrutura (2, 5). Considerando relevante o conheci-
mento do efeito do CB sobre a viruléncia de Ps. geruginosa, Adair & col, (3) investigaram a
acdo patogénica das variantes sensivel {incapaz de crescer em concentracdes superiores @
0,2mg/mi de CB) & resistente (capaz de se multiplicar na presenca de Tmg/ml de CB) da
amostra 8027 de Ps. seruginosa. A avaliagdo da viruléncia das amostras foi realizada me-
diante dois modelos experimentais: a cornea traumatizada de coelho e a infecgdo renal em
camundongos.

A variante resistente comportou-se com viruléncia atenuada em ambos os modelos
experimentais de infeccio, enquanto a sensivel provocou uma intensa ceratoconjuntivite
no coelho. Os camundongos inoculados ¢com a variante resistente sobreviveram ao fim de
21 dias, enguanto todos os inoculados com a sensivel morreram no decorrer deste
pericdo.

Considerando-se que as amostras de Ps. aeruginosa, isoladas em hospitais, compor-
tam-s& ora como variantes sensiveis {incapazes de se multiplicarem na presenga de
0,2mg/ml CB), ora como resistentes a essa concentracio, julgou-se importante estudar a
atividade hemolitica {um provével marcador de viruléncia) 2 a sensibilidade 20 CB de amos-
tras de Ps. aeruginosa de origem hospitalar, previamente tipificadas pela producao de pio-
cina,-por Melo & Peres (7).

Material e Métodos

A técnica utilizada para a producio de “"hemolisina’”” e para a determinacao da ativi-
dade hemolitica foi a mesma usada em outro trabatho™.

Determinacao da sensibilidade ao cloreto de benzalcénio (CB) — A sensibilidade ao CB foi
determinada segundo Adair & col. (3}, com modificacdo quanto ao meio de cultura empre-
gado. Repicou-se, com alca de Platina (Arthur H. Thomas Co., Philadelphia, Pa, USA,
7012-Fio series) 0,001m! de cultura de 24h, a 37°C em meio B1 {6), para 4,9ml do mes-
mo meio e adicionou-se 0,1ml de solucdo estogue de UB, de modo a obter-se concen-
tracdo final de 200 pg/ml. A solucio estoque de CB (200mg de CB em 20ml de dgua desti-
lacta estéril} era mantida na geladeira. Apés incubagio por 24h a 37°C, as amostras fica-
vam & termperatura ambiente, para leituras anotadas com 48 ¢ 72h. Em 1odas as provas
inocularam-se tubos com meio 81, para contrale da amostra e com meio 81 e CB, para
controle deste Gltimo. Consideravarn-se sensiveis (3) e resistentes (R) as amostras na res-
pectiva ocorréncia de inibicdo e de crescimento da cultura, comparada 20s controles.

* Camargos, M.D.M_; Pares, J.N. & Melo, 5.M. — Marcadares de viruléncia de Pseudomenas aerugingsa. lll —
Corralacdo entre provas ''in vive'' e “in vitro’’. Rev. Microbiol. {a ser publicado).
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Resultadds

foi feita anélise estatistica para os dados das Tabelas 1, 2, 3 ¢ 4, comparando-se& o5
resuitados da sensibilidade ac CB e titulo de *‘hemolisina’, através do teste do qui-quadra-
do, com correcado de Yates, ao nivel de 5%, nas {rés primeiras.

Procurou-se correlacionar a atividade hemolitica e a sensibilidade ac CB das amos-
tras isoladas do Bercério, cujos resultados s8o apresentados na Tabela 1. Observa-se que
as 47 amostras do tipo piocinico 373112, predominante no Barcério, apresentavam ativi-
dade hemolitica baixa e, com exceco de seis {12,7%), todas foram resistentes & concen-
tracio de 200meg/mi de CB em 72h,

Em termos de sensibilidade ao CB, ndc houve diferenca estatisticamernte significati-
va entre o tipo 373112 (12,7%) e os demais {41,6%). A comparacio desses dois grupos
ticou prejudicada pela baixa amostragem do segundo grupo {12 amostras). Pelos resuha-
dos obtidos, conclui-se que o tipo piocinico 373112 & estatisticamenta menos virulento.

As amostras de Ps. aeruginosa, procedentes do Centro de Tratamento intensivo
{CTH, foram também estudadas, procurando-se estabelecer a corretacdo entre titulo he-
malitico & sensibilidade ac CB. Os resultados acham-sa na Tabela 2. Das 28 arnostras es-
tudadas, 26 {(82,8%) tiveram titulos hemoliticos iquais ou acima de 1:32 e 21 (75%) fo-
ram sensiveiz ac CB. Entre as 21 amostras nio tipdveis (NT), 20 (95,2%) apresentaram
titules de “"hemolisina’ iguais ou superiores a 1:32 e 17 (80,9%) foram sensiveis ao CB.

A sensibilidade ao CB ndo fol significativa entre os tipos piocinicos tipdveis & ndo
tipdveis (67,1% e 80,9%, respectivamente). Devido & baixa freqiiéncia de tipo piocinico,
em amosiras com titulo de ‘'hemclisina’ baixo (1:16} a andlise da associacio entre o tipo
e o titulo pode ter sido prejudicada. Nag amostras nédo tipaveis, 95,2% tiveram titulo he-
molitico elevado {1:32 — 1:512) e as tipaveis, 85,7%.

Tabela 1 ~ Tipo piocinico, tituio de '‘hemotisina’” & sensibitidade ap cioreto de benzalconio (CB) de B9 armopstras de
Freudomenas aseruginosa isoladas do Bergério do Hospital das Clinicas da UFMG

Titulo de “hemolisina’”

Tipo piacinico Sensibilidade ao CBs
= 1:18 1:32 - 1:268 ) ¢

373112 47/475 (100%:) 0/47 (0% 6/47 {12.7%)

Pertencentes a

4 tipog diferentes 4710 {(40,0%) B8/10 (60.0%) 512 (41,8%)

Total 51/57 (89,4%) 6/67 (10,5%) 11/59 {18,6%)

3. Inibigdo do crescirmento am presencs de 2004 g/ml de CB
b. O numerador indica o nimero de amostras positivas & o denominador o de estudadas,

Tabela 2 — Tipo pioginice, titule de ‘hemalising’’ e sensibilidade 2o cloreto de benzalcénio {CB) de 28 amostras
de Preudomongs seruginoess isoladas do Centre de Tratamento Intensivo do Hospital das Clinicag da UFMG

Titulo de “'hemelisina’

Tipa piocinico Sensibilidade ag CBE
= 1116 1:32 — 1512

Pertencentes a

6 tipos diferentes 1170 {14, 2%) 6/7 {85,7%) 4/7 (87,7%)

N3o tipaveis 1727 {4,7%) 20/21 (856.2%) 17/21 (80,9%}

Total 2/28 (7,1%) 26/28 (32,8%) 21728 (75,0%}

2. inibigdo de crescimento em presenga de 200 u g/mi de CB
b. O numerador indics o ndmero de amostras pesitivas e o denominador o dé estudadas.
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Tabela 3 — Tipo piocinico, titulo de *“hemolisina”’ e sensibilidade ao cloreto de benzalconio {CB) de 16 amostras
de Fseudomonas aeruginosa isoladas da Clinica Cirdrgicae do Hospital das Clinicas da UFMG

Titulo de “"hemolisina”’

Tipo pioginico ' Senszibilidade ac CB
=1:16 1132 — ;128

621231 47100 {40,0%) 6/10 (60,0%) 4/10 {40,0%)

Pertencentes a

4 tipos diferentes 2/5140,0%) 3/6 {60,0%) 5/5 (100%)

Total 8/15 (40,0%) 89/15 (60,0%!} 8/15 (60,0%)

a. Inibigdo de crescimente em presenca da 200 u g/ml CB
b. 0 numerador indica ¢ nimero de amostras positivas e o denominador, de estudadas.

Tabela 4 ~ Tipo piocinica, titule da **hemolisina’’ e sensibifidade ao cloreto de benzalconio (CB) da 43 amostras
de Pseudomonas aeruginosa isoladas da Clinica Uraldgica do Hospital das Clinicas da UFMG

Titule de “'hemolisina’’

Ti igeini Sensibilidad cBe
ipo pigcinico _ =ie 1:32 - 15512 ibilidade ao

421414 9/12b (75,0%) 3712 (25,0%) 10/12 (83,3%)

Pertencentes a

& tipos diferentas 3/8 {37.5%) 5/8 (62,5%) 7/8 (B7.5%}

Néao tipdveis 9/23 {39,1%) 14/23 (60,8%) 16/23 (69,5%)

Total ' 21/43 (48,B%:) 22/43 {81.1%) 33/43 {78,7%)

a. Inibicio de crescimente em presenca de 200 pu g/ml de CB
b. O numerador indica o ndmero de amestras positivas e o denominador o de estudadas,

Tabela 5 — Tiuio de “*hemolising’” e sensibilidade ao cloreto de benzalcdnio {CB) de amositras de Fseudomonas
agruginosa isoladas em quatro servicos do Hospital das Clinicas da UFMG

Nzimara? Titulp da *hemolisina’’ Sensibilidade as CB (%)b
71 1:8 36.6
<] 1:16 55,5
63 1:32 - 1:612 88,2

a. Nio se determinou o tituto de “‘hernolisina”’ de duas amostras
b. Inibigde de crescimento em presenga de 200 u g/ml em 72 horas.

Tabela & — Tipo piocirico, titulo de "hemolisina’’ & sensibilidade ao cloreto de benzalednie {CB) de amostras de
Pseudpmonas agruginosa do Bergario e as nia tipificveis (NT) do CTI? do Hospital das Clinicas da UFMG

Nomero Servico Tipo pioginico Titwle de “'hemolisina’’ Sensibilidade a0 CBY
(%)
a7 Bercario 373112 £1:16 ‘ 12,7
2Q0¢ CTi NT 1:32 — 1:512 80,8

a. Centro de Tratamento intensivo
b. Inibiclo da crescimento na presenca de 200 pg/mi
¢. Uma das amostras NT deu titula de hemolisina 1:16 e foi sensivel ao CB.
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Osresultados da atividade hemolftica e a sensibilidade ao CB, das amostras da Clini-
ca Cirargica, estdo na Tabela 3. Entre as amostras do tipo plocinio 821231 e as demais
identificadas, ndo houve diferenga entre sensibilidade ao CB, que foi em média 60%. Os ti-
pos piocinicos e os titulos hemoliticos também nio apresentaram associago significativa,
tendo ocorrido 60% de titulos altos, em ambos o3 tipos,

Com o mesmo objetivo, os resultados obtidos com as procedentes da Clinica
Urolégica, est&o na Tabela 4. Com relagéo ao titulo hemolitice, os grupos térm distribuido
correspondente (48,8% a3 de titulo baixo e 51,1% as de titulo alto), uma vez gue a asso-
ciacdo entre tipo e titulo ndo foi significativa. Ndo houve diferenca estatistica de sensibili-
dade ao CB, que apresentou um valor medio de 76,7%.

A Tabela 5 revela a correlagio entre o titulo de *hemolisina’’ e a sensibilidade ao CB
entre as amostras estudadas nos quatro servicos hospitalares. Ha um aumento progressi-
vo do percentual de sensiveis ao CB, a medida gue os valores de “"hemolisina’’ se elevam.

A Tabela 6 representa a correlacdo entre as amostras de tipo piocinio 373112, do
Bercario ¢ as NT do CTL

Discussao

Adair & col. {1) demonstrararn que, em presenca de uma fonte de nitragénio, Ps. ae-
ruginosa resistente ao CB pode se desenvolver, utilizando carbono da propria molécula,
Apesar da simplicidade para crescer, resolvemos utilizar, na determinaciio da sensibilidade
ac CB, o melo mais completo {caldo tripticase soja sem glicose e adicionado de nitrato de
potazsio a 1g%), intreduzido por Jones & col. (6), com o objetivo de obter crescimento
abundante, por difusdo do germe e maior producio de piocina.

Os resultados da Tabela 1 mostram que 41 (87,2%) das 47 amostras do tipo
ptocinio 373112 forarn resistentes ao CB. S4c consideradas ndo patogénicas, pelo critério
adotado (3), o que estd em conformidade com a baixa atividade hemolitica demonstrada e
pela fato de ndo terem sido incriminadas em infeccdes de recém-natos, ndo obstante a alta
taxa de colonizacdo, observada nas criancas do Bercério (7). Portanto, os dados eviden-
ciam a correlacio entre tipos piocinicos, capacidade de producéo de ‘'hemolisina’’ & com-
portamento frente ao CB para as amostras do Bergério.

Por outro tado, Melo & Peres (7) constataram que o tipo piocinico 373112 era am-
plamente espalhado no Bercério. Como a estabilidade do tipo piocinico é caracteristica
fundamental desse marcador, estes fatos sfo fortas argumentos em favor de uma coin-
cidéncia entre tipo piocinico e capacidade de producao de hernolising, que sdo tratados
noutro artigo dos autores (8).

Nas outras clinicas estudadas, onde ocorreu maior diversidade de tipos piocinicos,
entre as amostras, ndo se nota correlacio nitida entre a producdo de “‘hemolisina’ e o
comportamento diante do CB, a ndo ser no caso de 21 amostras NT, isoladas no CT1 {Ta-
bela 2). Por outro lado, na Clinica Urolégica, de 43 amostras, 22 (51,1%) apresentaram
titulos hemoliticos altos. Entre as 23 amostras NT, 14 (60,8%) tiveram titulos hemoliticos
iguais ou acima de 1:32 e 16 delag (69,4%) comportaram-se como sensiveis ao CB. Os
dados globais {Tabela 5) mostrarm que a elevacdo do titulo de ‘hemolising’” corresponde &
maior taxa de sensibilidade das amostras ao CE.

Finalmente, através dos dados da Tabela 8, é possivel confrontar o comportamento
dos isolados do Bergario e aqueles no tipaveis do CYl. No primeiro grupo, encontramos
urm tipe piocinico com baixa atividade hemolitica ¢ pequena sensibilidade para o CB; no se-
gundo, 0% isolados apresentaram alta atividade hemolitica e grande sensibilidade ac CB.
Estes resultados estio em conformidade com observaches que levam a crer que, no
Bergario, ocorreu apenas uma colonizagBo bacteriana, ac contrério do CTI, onde, tudo in-
dica ter havide um surto de infecgéio por Ps. aeruginasa.
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Resumo

Peterminagio do dasenvolvimento de duas linhagens de £ guiliermondii em vinhaca e
melaca, sob a influéneia de frascos agitados, pH, tempo de cultive e nutriente. As con-
digbes ¢timas de cultivo de ambas a5 linhagens em meio de vinhaga ¢ de malago foram
pH 4,6, 30 haras, a 30°C e gom a téchica de frascos agitados a 250r.p.m.. A adicio
de HzPO, a vinhaga aumenta a pradugio de biomassa e o teor de fésfora de ambas as
linhagens; adicdo de (NM4);50, aumenta o teot de proteina na linhagem sefvagem. Em
alguns meios de cuttura houve malor producdo de hiomassa com a utitizagao do
rautante.

Summary

Effact of agitation, pH, time and nutrients on biomass production of Candida guillier-
mondii in vinasse and molasses media

The effect of culture tima, nutrients, agitation of containers and pH in the development
of a mutant a wild strain of C. guiffermondy, in vinasses and molasses, were studied,
The best growth conditions ware obtained at 30°C in agitated (Z260r.p.m.) containers
with a pH 4.6 for 30 hours. The addition of HyPO, to the vinasse media increases bio-
mass production; and the addition of (NM,4):30, tngreases protein content in the wild
strain. [0 some culturs media a greater biomass production was obtained with the
mutant,

Introducio

As leveduras constituem um grupo de microrganismos gue desperta um grande inte-
resse cientlfico, por sua estreita relagio com a produgio de alimentos e por sua contri-

buicdo para o desenvalvimento da hioquimica destes organismaos.

Paralelamente, com o aumento da procura de alternativas de utilizac8o dos residuos -
agroindustniais, a aplicacdo de leveduras vem sendo intensa, principaimente na producéo
de proteina microbiana, por apresentar alto valor protéico gue excede ao do leite, da soja e

dos ovos,

Rev. Microbiol., 580 Paulo, 13(1):12-21, Jan./Mar. 1982
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Vérias 5830 as espécies de leveduras utilizadas para obtencio de biomassa, entre
elag, Candida utiliz (3, B) & C. tropicalis (8, 8, 15, 22).

C. guilliermondii term sido usada em diferentes substratos, por ser superprodutora de
riboflavina. Foi verificado seu desenvolvimento em meio com glicose e com um Gnico aci-
do como fonte de nitrogénio (23). Essa levedura foi desenvolvida em n-alcanos, onde fol
discutida a toxicidade dos acidos monocarboxilicos Cy — Cg e 0 mecanismo de oxidaglo em
relagio a formacao de acidos (10). E conhecido o efemo da autotermostatica da populacio
microbiana no crescimento e metabolismo dessa levedura (16} e o efeito da taxa da con-
centrac8o dos componentes no meio durante seu desenvolvimento, verificando maxima
produtividade com 40% de n-alcanos (11}, A superproducac de riboflavina por C. guillier-.
mandil estd relacionada com a taxa de flavocoenzimas (26).

0 desenvolvimento da levedura & maior em meio minime, guando suplementado
com fosfato Acido de potdssio e extrato de levedura (18).

C. guillierrmondii foi utilizada para obtengio de levedura alimenticia e dleo diesel em
destilado de petroleo (14). Sew autolizado, ou sobrenadante da cultura, quando adiciona-
dos no meio de cultivo de €. tropicalis, ndo adaptada a L-arabinose, diminuem o periodo de
adaptacdo de 110h para 60h{17). Contém extrato livre de células rico e glutaminase e
asparaginase {21) e quando cultivada em n-alcanos como fonte de €, contém na pareds
celular lipldeos e alcanos e seus derivados (27).

Na superproducdo de riboflavina apresenta caracteristicas fluorescentes (4). Utiliza
naftenos e isoparafinas e oxidacctadecano, nafteno e isoalcanos apés os hidrocarbonos
aromaticos (20}.

A taxa de nitrogénio e fosforo na gintese de proteina é conhecida no desenvolvimen-
10 em n-aicanos {19},

Diferentes substratos s3o utilizados para producio de biomassa de leveduras, por
exermnplo, hidrocarbonetos, residuos de destilaria e vinhaca. Entretanto, ndo ha referéncias
sobre estudos de C. guilfiermondif em vinhaca & melago, dai da importncia em determinar-
se os fatores que atuam no desenvolvimento desta levedura neste residuo.

O presente trabalho relata aspectos do desenvolvimento de duas linhagens desta le-
vedura, uma selvagem e outra mutante, nos diferentes meios utilizados.

Trabaiho dessa natureza podera fornecer subsidios para os estudos de producéo de
proteina microbiana e na obtengio de substancias produzidas por microrganismos de inte-
resse industrial, principalmente em substratos de baixo custo comercial.

Material e Métodos

Material — Meios de cultivo: a} Meio de vinhaca 100%; b) Meia de melaco 3%: Meio com-
pleto para levedura, citado em Angelis & col. (1); ) Meio minime para levedura (4},

Reagentes — de procedéncia Merck. O acido nitroso preparado com mistura de acido,
0.2 N, acetato de sédio 0,2 N e nitrito de sédio 0,5 N. Solugae de nistatina 0,1% ¢ s0-
tucéo salina (NaCl 0,8%]).

Micrarganismo — Levedura C. guilfiermondii proveniente do Instituto Zimotécnico 'Prof.
Jayme Raocha de Almeida’’, Escola Superior de Agronomia “Luiz de Queiroz’’ Piracicaba-
SP, e rmantida no laboratério de microbiologia do Instltuto de Planejamento e Estudos Am-
bientais de Presidente Prudente, UNESP.

Metodos — 1. Determinacdo dos fatores ambientais — A linhagem selvagem de € gui-
lfermondii foi transferida para tubos contendo 10ml de meio liquide completo, para desen-
volvimento de pré-indculo g colocada a 30°C. Apds 24 horas, transferiv-se 0,1mi dessa
cultura para frasco de Erlenmeyer de 500ml, contende 100ml do meio liquido completo e
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cultivou-se sob agitacdo a 250 retagbes por minuto, r.p.m., durante 24 horas, & mesma
temperatura. A producao de células foi determinada pelo nimero de células, utilizando-se
a tecnica de absotvancia, A. Q pH do meio variou entre 4,0 a 6,0 padronizando-se com
NaOH a 0,1 N ou HCI 0,1 N para verificar o efeito deste ro desenvolvimento do
microrganismao.

Para determinar a velocidade de crescimento e o efeito da utilizacdo de frascos agita-
dos utilizou-se a mesma técnica acima citada. Os frascos foram mantidos sem agitaciio ou
com agitacdo a 250r.p.m. & as amaostras foram coletadas em periodos de 6 horas, no total
de 72 horas de incubacéo,

Nao se determinou a curva de crescimento da levedura em funco da temperatura,
utilizando-se 30°C, considerada ideal para ¢ microrganismo (23). 2. Obtencao Jo mutante
— As celulas do pré-indeulo foram transferidas para soluco saling, onde se determinou o
nimero total de células, Em seguida foram irradiadas com U.V., em tempos diferentes e
tnoculadas em meio solido completo para levedura e colocadas a 30°C, durante 24 horas.
Determinou-se a porcentagern de sobrevivéncia das células, em funcio ao tempo de expo-
$i¢B0. Apds vérias repeticbes, considerou-se as placas contendo 5% de sobrevivéncia de
células, as gquais foram replicadas pata o meio minimo.

No tratamento com acido nitroso, outro agente mutagénico, as células do pré-indcu-
lo foram transferidas para solucdo saling, determinando-se o nimero total de ceélulas. Des-
sa suspensdo transferiu-se 1ml para frasco de Erlenmeyer de 100ml contendo 19mt da
mistura de acido acético e acetato de sodio {1:1), este servindo para testermunho do expe-
rimento. Pa mesma suspensdo de eélulas, transferiu-se tml para frascos contendo
18,33ml da mistura citada acrescida de (,68ml de nitrito de $6dio. Retirou-se amostras
em periodos de 5 minutos, as quais foram imediatamente colocadas em solucao de fosfa-
to, para neutralizacdo. Desta, transferiu-se 0,1ml para placas de Petri com meio sdlido
completo e colocando-as a 30°C. Apds 24 horas, determinou-s¢ a porcentagem de sobre-
vivéncia da levedura sob ac8o do Acido nitrosa.

A selecdo do mutante foi realizada segundo Davis (7) & Lederberg & col (12}, verifi-
cando-se sua resisténcia & nistatina. Posteriormente, as linhagens selvagens & mutantes
foram desenvolvidas erm meio liquido completo, pH 4,6, com agitacdo de 250r.p.m., cole-
tando-se amostras em periodos de 4 horas. 3. Desenvolvimento das linhagens mutante e
selvagem em meios de vinhags ¢ de melaco — Do pré-indculo trangferiu-se 1ml para fras-
cos de Erienmeyer de 500mi contendo 100ml de meio com as diferentes compaosices:
1) metago 3%: 2} vinhaca 1009%; 3) mistura de melaco 3% e vinhaca 100% (1:1);
4) meio liquido completo, M.L.C_; 5} vinhaga com acido giberélico (30mg/100ml); &) vi-
nhaca com &cido fosférico H,PO, (0, 1ml/100mi); 7} meio minimo M.M.; 8} vinhaca com
sulfato de magnésic — MgS0, {Smg/100ml); 9) vinhaga com suifate de potdssio —
K.S0, (30mg/100mil}; 10) vinhaga com sulfato de ambnia — (NH,1.50, (50mg/100mb);
11} vinhaga com uréia (20mg/100mi e H;PO, (30mg/100ml}; 12) vinhaca com fasfato
acido de sodio — Na,HPO, (10mg/100ml) e 13) vinhaca com uréia {50mg/100ml).

Resuitados e Discussio

Nos primeiros ensaios foi determinado o pH étimo para desenvolvimento da finha-
gem selvagem de C. guilliermondii em meio liquido completo {Fig. 1), observando-se que
o maior ntimero de células ocorre em pH 4,6 — 4,8 € 0 menor ndmero em pH 6,0 — 6,2,

Em &cidos orgénicos (20) o pH 6timo & préxime ao neutro e pH 5,0 intbe o desenvol-
vimento da levedura. Esses resultados diferem dos encontrados em meio Hquido completo
(Fig. 1).

Sendo o pH funcao da natureza do meio, podera ter seu 6timo diferente, em relacio
a natureza do substrato utilizado.
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Figura 1 — Curva da crescimento de C. guiliermondii Figura 2 — Curva de crescimento de C. guilliermondii
quanto ao pH, em meio liquide gomplato a 30°C, du- am meio liquido completo a 30%C, com ou sam agi-
rante 30 horas e com agitacBe constante de tagdo de 260r.p.m. e pk 4,6
250r.p.m.
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Situando-se entre 4,6 — 4,8 ¢ pH otinto poderd contribuir para diminuir a contarmi-
nacio por bactérias, principalmente nas condicbes apresentadas nos fermentadores.

O ternpo otimo, para maior produco de células de C. guiliiermondii, foi 30 horas de
cultive, para as duas linhagens estudadas (Fig. 2). Em melo liguido completo houve maior
producdo de células na linhagem selvagem, mesmo quando mantida sem agitac3o. A linha-
gem selvagem & mais sensivel 3 falta de agitados durante o cultive.

Nos frascos sem agitac8o, a fase logaritmica ndo € nitida e o namero de células é in-
ferior no mutante. Foi demonstrado que a asracio também atua no nivel de ATE da leveduy-
ra na assimilacdo de acidos organicos {24).

A obtencdo e uso de mutante foi para se obter uma linhagem que produzisse maior
quantidade de céluias. A mortalidade de 95% das células, pela exposicio LLV., ocorre em
1°30" (Fig. 3). Com 4cido nitroso, foram necessérios 15 minutos, para 95% de mortalidade
{Fig. 4). U.V. acarreta mutaces de ponto e aberraces, ndo apresenta efeitos ionizantes: o
acido nitroso desaminacitosing a xantina {12, 13).

Para selecio do mutante, nistatina foi usada em substituiciio & penicilina. A iinha-
gem selvagem tem resisténcia distinta & nistating, quando comparada & mutante, que su-
porta concentracBes maiores (Fig. &), ‘

Quando as linhagens selvagem e mutante sdo novamente inoculadas, em meio liquide
completo, a selvagem produz maior nimero de células (Fig. 6). Verifica-se que a linhagem
mutante é menos adaptada as condicBes do meio e de cultive.

0 desenvolvimento de ambas as linhagens em meios de melago e vinhaca de compo-
sicda diferente, demonstra rmaior producio de biomassa, utilizando-se a téchica de frascos
agitados (Figs. 7 e 8).

Figura B — Curva de sobrevivéncia das finhagens selvagem e mutante de C. guiliermondil résistentes 4 nistatina
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Figura 8 — Desenvolvimento dds linhagens selvagem e mutante de C guiliermondii resistentes A nistatina
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Tabela 1 — Teor de fésforo em biomassa de linhagem mutante e selvagem de C. guiffiermondii em meios de
vinhaga

Linhagem Salvagem Mutante
Agitagao
Meio de Cultura Com Sem Com Sem
1. Melago 3% 1,10 .41 0,560 0,60
2. Vinhaga 100% 0,27 0.24 1,20 0,55
3. Vinhags 100% + Melago 3% {1:1} 0,86 0,69 0,80 0,55
4, Meio Liquide Completo 1,83 0,87 1,60 1.60
5. Vinhaga + Acido giberélico 2,00 ¢,41 1,20 1.30
6. Vinhaga + HaPO, 2,67 202 2,32 1,80
7. Meio Minima - e -
8. Vinhaga + Mg5Q, 1,10 0,27 1,10 0,890
9. Vinhags + K,S0, 1,27 0,84 1,00 1,10
10. Vinkaga + (NH,) 350, 1.68 0,84 1,47 0,86
11. Vinhaga + Uréia + H4PQ, 2,00 1,77 2,20 1,60
12. Vinhaga + Na,HPO, ‘ 1.58 0,24 0,70 Q,80
i3. Vinhaga + Uréia 1,41 0,14 1,60 Q0,87
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Na linhagem selvagem, em meio de vinhaga suplementada com H,PO, ou MgS0,,
em frascos néo agitados, a produgio de biomassa foi aproximadamente a mesrma obtida
em frascos agitados. Entretanto, a importancia de utilizar-se frascos agitados é evidencia-
da nos demais melos. Além disso, a utilizacdo dos frascos agitados possibilita maior teor
de proteina na biomassa. Este fato foi observado para a inhagem selvagem, com excecio
dos resultados obtidos no meio de vinhaca suplementada com uréia.Q meio liquido completo
oferece melhores condicdes para a linhagem selvagem.

Comparando ao meio de vinhaga, o meio de melago rende maior producio de bio-
massa, com as duas linhagens utilizadas.

A adican de sais e dcidos auments a producio de biomassa em meio de vinhaga, A
maior producie € quando se adiciona H,.PQ,. Para producac de proteina, os melhores re-
sultados s&o obtidos com adiggio de (NH,),50,. Portanto, a adicdo de H,PO, e (NH,),S0, 2
vinhaca oferece melhores condicBes de produgio de biomassa & proteina de C. guillierrmon-
gii. Com a linhagem mutante, ha maior producio de biomassa em meios de vinhaga & de vi-
nhaca suplementada com écido giberélico, M,PO,, (NH,},50, ou uréia + H.PO,. Maior teor
de proteina e encontrado na biomassa obtida em meio de vinhaca. .

Considerando-se que ¢ de grande importancia a biomassa e seu teor em proteina, a
utilizacdo da linhagem selvagem & mais aconselhavel quando o meio for de vinhaca suple-
mentada com H,PO, e (NH,),50,.

Os teores de fosforo na biomassa das linhagens selvagem e mutante (Tabela 1) de-
mansiram que a adicdo de H3PO, ¢ uréia aumenta o teor de elemento. Portanto, a adico
de H;PO,, além de aumentar a producao de biomassa da levedura em vinhaga também co-
labora com aurmento do teor de fésforo,

O-desenvolvimento de C. guiiermondii em meio de melaco ou vinhacga deverd ocor-
rer sob as condicbes de pH 4,6 — 4,8, em frascos com agitacdo, por 30 horas. A vinhaga
devera ser suplementada com H,PO, e (NH,},50,.
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Resumo

Atraves da reacio de soroagiutinagio microschpica para leptospirose, foram examing-
dos 504 soros de egiinos. Como antigenos, utilizeram-se 18 culturas vivas de vérios
sorotipos @ considarqu-se o tituto inicial de 1:100 came reacao positive, Tentativas de
isoiamento a partir da uring de 6 animais, resultaram negativas, 51 soros (10,11%) fo-
ram positivos, tendo-seé encontrado aglutininas contra os sorelipos andamana
(23,53%), pornona (18,67%), panama e australis 113,72%), como os mais freglen-
tes. Foram evidenciados ainda, anticorpos para os Sorotipos wolffi. canicola, butem-
be, shermani, icterohaemaorrhagiae, grippotyphosa o brasifiensis, Em seis soros ocorre-
ram anticorpos para dois oy mais sorotipos e nenhurna correlagdo entre cegueira e lep-
tospirose foi constatada.

Surarnary

The prevalence of leptospival agglutining in horses used for therapeutic sera production

Sera from 504 horses were examined through the microscopic agglutination test,
Eighteen serotypes of leptospira were used as alive antigens. Titers of 1: 100 and hig-
her were considered significant. The isotation of Leptaspirs was tried from urina of six
animals, but no iselation was achieved. From 504 harsas, 51 (10,11%) were positive.
Aggiutinins against sergtypes andameana (23,53%), pomona (15,67%), panams and
australis {13.72%) were found, Besides, antibodies against serotypes wolffi, canico-
3, butembo, shermani, icterohaemorrhagiae, grippotyphosa and brasifiensis were also
seen. Coagglutining occured in six sera. No correlation between blindnass and teptos-
pitosis was verified.

Introducéo

O estudo da leptospirose em animais domeésticos comecou a tomar vulto, a partir de
1950, em virtude da sus relagdo com as leptospiroses humanas e também, pela im-
portdncia econdmics dos animais doentes.

Rev. Microhiol,, S&o Paulo, 13(1):22.25, Jan./Mar, 1882
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Em comparacio a outros animais domésticos, € pequena a ocorréncia de leptospiro-
se em eqiinos, embora inquéritos soro-epidemiolégicos realizados em varios paises te-
nham demonstrado infeccdes sub-clinicas, devidas a vérios sorotipos (4, 5, 7, 8, 14).

Os sorotipos de leptospiras predominantes na raga eqiina, revelados através de in-
quéritos soroldgicos sao: pomona, canicola, grippotyphosa e icterohaemorrhagiae (1).

O presente estudo teve por finalidade examinar a prevaléncia de anticorpos anti-lep-
tospiras em eqliinos pertencentes ao Instituto Butantd de Sao Paulo, utilizados para pro-
ducao de soros terapéuticos.

Material e Métodos

Foram utilizados 504 eglinos pertencentes ao Instituto Butant&, para o preparo de
soros terapéuticos antitdxicos ou anti-pe¢onhentos,

De cada animal, foram coletados cerca de 10ml de sangue, em tubos previamente
esterilizados, e o soro obtido de modo convencional. Todos os soros foram armazenados
em congelador a menos 20°C, até o momento da realizacdo da prova de soroaglutinagéo.
Esta foi realizada seguindo orientacio recomendada pelo Grupo Cientifico de Pesquisas
am Leptospirose da Organizacdo Mundial da Sadde (17). Os antigenos utilizados consisti-
ram em culturas vivas, cultivadas em meio liquide EMJH (DIFCQ). Além da soroagluti-
nacéo, procedeu-se ainda a tentativa de isolamento de leptospiras, semeando-se urinas de
& animais corn cegueira parcial e um com ¢egueira total. As amostras foram semeadas no
meio de Eletcher, fazendo-se leitura a partir do 62 dia até 40 dias, quando foram descarta- -
das como negativas, se n@o se observasse nenhum crescimento.

Resultados

Anticorpos com titulos significantes (1:100 ou mais) foram encontrados em 51 so-
ros {10,11%}, do total de 504 examinados. 45 soros (8,92%) apresentaram anticorpos
contra apenas um sorotipo de leptospira, enquanto que seis (1,19%) apresentaram contra
dois ou mais sorotipos, conferme podemos observar na Tabela 1.

Os titulos finais variararn de 1:100 a 1:6.400, sendo o sorotipo andamana encontra-
do com maior freqléncia (23,53%), seguidas de pomona (15,67%), panama e australis
{13,72%) cada um. O ftitulo mais elevado, de 1:6.400 foi abservado contra
grippotyphosa.

As amostras de urina, semeadas em meio de Fletcher, ndo apresentaram nenhum
crescimento, mesmo apds 40 dias de incubacéo em estufa a 28°C.

Discussdo e Conclusio

Os resultados sugerem que muitos sorotipos estdo relacionados & leptospirose
eqiiina, Este fato j& foi constatade em trabathos anteriores (4, 5, 14). No presente estudo,
foram encontrades 10,1 1% de soros com reacdes positivas para leptospirose. Os animais
analisados tinham suas origens variadas, mas no momento da coleta do material estavam
confinados na Fazenda do instituto Butantd (Municipio de S0 Roque, 5P) e encontravam-
se, pelas condicBes de confinamento, sujeitos aos mais variados tipos de contagio, inclusi-
ve em relacado & leptospirose.

E evidente a existéncia de leptospirose em eqlines, pelos resultados deste e de ou-
tros estudos ja realizados, embora ndo se possa atribuir a mesma importancia que se atri-
bui 45 leptospiroses bovinas e suinas, das quais j4 foram isolados vérios sorotipos de lep-
tospiras {3, 12, 13). A dificuldade encontrada em relacfo ao isolamento de leptospiras de
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Tabela 1 -~ Prevaigncia de anticorpos anti-leptospiras em soros de eqlinos do Instituto Butantd, 530 Paulo, 1980

Titula 1 '
N 100 200 400 800 1600 3200 6400  total

andamana 10(21.3) 10
pomona 5015 1 1 16 5
panama 6(14) &
australis 5(15) 1 &
wolffii 5{14) 5
canicola 3 3
shermani 3(1%) 3
icterohaemotrhagiae 2 2
ballum z 2
grippatyphosa 11 H 2
butembo {18} 1 1
brasifiensis 1 1
whitcombi 13 1
taragsovi 12 1
javanica (1M

Total 44 2 2 2 1 51

1. Coaglutinagle grippotyphosa-javaniva-andamana; 2. Coaglutinagio tarassovi-shermani; 3, Coaglutinacio
whitcombi-andarnana; 4. Coaglutinagdo wo/ffii-panarma; 6. CoaglutinagBo pomaona-austrafis; 6. Coaglitinagio
pomana-butemnbo,

equings ja fora constatada por varios pesquisadores e, até o presente momento, somente
12 isolamentos foram relatados (6, 8, 16).

Os eqlinos podern contaminar-se com wurinas infectadas de roedores e de outros ani-
mais domésticos ou silvestres, pois muitos destes 530 portadores de leptospiras em seus
rins {2, 3,12, 13, 15), ,

Existem evidéncias que o cavalo pode excretar leptospiras viaveis pela urina por urm
periodo de 14 semanas ou mais {11}, e esta prolongada leptospirdria pode fazer com que
esta especie animal sirva de importante fonte de infecgdo, tanto para outros animais ou o
homerm.

Seis soros apresentaram anticorpos para mais de um sorotipo. Isto pode ser explica-
do pelo fato das leptospiras apresentarem um complexo mosaico antigénico. Deve-se des-
iacar ainda, a occorréncia de anticorpos para o sorotipo shermani, ainda nio assinalado
nasta espécie animal em nosso meio.

Neste estudo, ndo foi possivel evidenciar alguma correlacao entre cegueira e leptos-
pirose, associacio j& descrita por outras autores (4, 9, 14), embora possam ocorrer casos
em gue haja algum comprometimento, tal como descreveu Roberts & col. {10}, guando
isolaram o sorotipo pomona de um dog animais.
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Resumo

Q estude de um surto de toxi-infeecio alimentar que ocerrew simultaneamente em dois
restaurantes de uma mesma instituigdo, indicou a carme cozida condimentada ou a
maionese de batata, ambas preparadas de véspera, como a causa da toxi-infeccdo. A
mediana do tempo de incubagso correspondeuy a doze horas e meia, & duragio dos sin-
tormas fol inferigr 8 vinte e guatro hotas em quase todos o8 casos o a diarréia foi o sin-
toma predominante. Embora as contagens de Clestridium perfringans nas fezes dos
doentes tanha sido elavada, ndo se pode deixar deo admitir também Bacillus cereus, co-
mo possivel causa do suno.

Summary

Epidemiglagical and microbipipgical studies of an guthreak of fapd-barne intaxication

The study of a foed-borne intuxication that occurred simultzneusly at the two restau-
rants of the same institution pointed to a condimented cooked meat or & potato mayo-
nese, both prepared the day before sarving as the gause of the intexication. The incu-
batien peripd mediana was twealve hours and a half and the symptorms lasted lass than
twenty four hours in almost all the cases with predominance of diarrhea and nausea. In
spite of the high count of Clostridiurm perfringens in the feacos of the affected parsons
Bagillus cersus can nat be ruled gut as the possible cause of the outbreak,

Introducio

As toxi-infeccBes atimentares sdo amplamente distribuidas no mundo inteire. No
Brasil ja foram descritos, entre outros, surtos provocados por Salmonelia sp. (B), Clostri-
dium botulinum (2) e ha evidéncia epidemiclégica e microbiolégica da ocorréncia de intoxi-
caclo por Clostridium perfringens na cidade de Campinas (3, 4}, Com o fim de sensihilizar
as autoridades competentes quanto a importéncia de se esclarecerem os aspectos asso-
ciados a tais acontecimentos, para no futuro se conseguir prevenir repeticdes dos mesmos

erros, consideramos de interesse a publicacao-do presente trabalho.

No firm do dia 17 € madrugada do dia 18 de outubro de 1978, nos dois restauraries
de wna mesma instituicdo de Campinas, grande nimero de pessoas apresentaram sinto-
mag de doencas gastrointastinal, caracterizada por diarréia profusa, em alguns casos
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acompanhada de nduseas, vomitos e dores abdominais. Qs sintomas se desenvolveram
com maior freqiéncia entre 7 o 19 horas apds a ingestdo do aimoco.

Neste trabalho descrevem-se os resultados da pesquisa epidemiolégica e das anali-
ses microbiolégicas realizadas, as quais indicam Clostridiurn perfringens ou Baciflus cereus
como as provaveis causas da intoxicaco.

Material e Métodos

Uma pesquisa epidemiclogica foi iniciada dentro das vinte e quatro horas seguintes
ao aparecimente dos ptimeiros sintomas, distribuindo-se 300 formularios, aproximada-
mente 10% do namero de usuarios, entre as pessoas que afluiram aos dois restaurantes ¢
que tinham consurmido o almoco no dia anterior,

Duzentas e trinta pessoas responderam aos formuldrios sendo gue cento e sessanta
e oito delas comeram em um restaurante e vinte e 1rds noutro. Trinta e nove questionarios
ficaram sem identificacio do local onde as pessoas comeram.

Qs formutdrios incluiam perguntas acerca dos alimentos consumidos, sexo, idade ¢
sobre o tempo decorrido entre a ingestio dos alimentos e o surgimento dos primeiros 8in-
tomas. Com o$ dados obtidos foram calculadas a mediana do tempo de incubagao, as
treqiidncias dos sintornas observados e as razbes de atague para 0§ alimentos. )

No dia sequinte & refeiclo, procurou-se retirar amostras de comida do dia anterior
para fazer as analises microbioldgicas, mas recebeu-se a informacdo que 0s restos néo
existiam mais.

Devido 4 impossibilidade de recuperacio dos restos de comida, os exames micro-
biologicos foram realizados apenas em fezes de pessoas que apresentaram sintomas de
toxi-infecedo. Analisaram-se¢ onze amostras de fezes coletadas entre o terceiro e quinto
dia ap6s o inicio dos sintomas. As amaostras foram suspensas a 1% em agua peptonada e
submetida a choque térmico a 80°C durante dez minutos. Apos o tratamento termico, di-
luices sucessivas foram inoculadas em agar SPS (suifito polimixina sutfadiazina) de acor-
do com a técnica de Angelotti (1) e incubadas em anagrobiose, para posterior identificacio
e contagem. Também foi utilizado © §gar sangue com neomicina (1), inoculado em su-
perficie e incubado em aerobiose e anaerabiose. Na caracterizacdo de C. perfringens em-
pregaram-se as provas de redugdo de nitratos e nitritos, d¢ motilidade e de produgéo de
acido e gas a partir da lactose. Fol realizada, também, a observagéo microscdpica da mor-
folagia em esfregacos corados pelo método de Gram, preparados a partir de 10% das
coldnias desenvolvidas no meio SPS,

Resultados

A diarréia foi o sintorna mais comum, apresentando-se em 98,5% dos casos, sequi-
da de nausea 11,5%%, vomito 4,3% e dores abdominais 1,6% {Tabela 1), Entre as pessoas
entrevistadas, nenhuma apresentou sintomas aparentes de febre. A maior incidéncia cor-
respondeu aos periodos de incubagio compreendidos entre sete e dezenove horas, nao se
apresentando casos com menos de duas horas, nem com mais de vinte e ¢inco horas. A
mediana do tempo de incubacao fol de doze horas e meia (Figura 1). O dado referente 2 du-
racdo dos sintomas ndo fol registrado como tal, porém as pessoas foram entrevistadas
dentro das vinte e quatro e gquarenta € oito horas apés a ingestio do almogo implicado no
surto, no praprio local de refeicdes, concluindo-se assim que a duragdo dos sintomas na
populacio em estudo ndo foi superior a quarenta & oito horas.

Coibnias tipicas de C. perfringens (pretas, com halo de lecitinase e dimensdes meno-
res que 2mm de didmetro}, foram observados em agar SPS. As reagdes bioquimicas con-
firmaram a presenca do microrganismo. N#o houve desenvolvimento de colénias nas pla-
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Tabela 1 — Distribuigio da freqiténcia dos sintomas em 152 pessoas doentes consideradas na sua apresentacio
real, como sintomag anicos ou combinados

Sintomas
Unicos Combinados
s \Y% bl DA N-D N-V-D V-0 LA-D
Ndmero de casos 153 1 1 4] H 4 3 3
Porcentagem % 24 0,5 0,6 0 8.8 2,2 1.6 1.6

D — gdiarrgia; N — ndusea; V - vémito: DA - dares abdorminais.
Figura 1 — Distribuicdo de 182 pessoas com sintomas de ioxi-infecedo alimentar, sequnde o periodo de

incubacio

20+
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-
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12346 67 88 1011 121314151617181926212:.2262'42526
Tempno (hs)

I:l doentes com perfode de incubagdo definido

o] doentes com periode de incubagdo nde definide

cas de agar neornicina incubadas em aerobiose, pelo que se conclui que havia auséncia de
B. cereus nas fezes.

A relacdo do nidmero de C. perfringens por grama de fezes, no surto em estudo, em
outro surto acorrido em Campinag em 1875 e numa populacio normal & mostrada na Ta-
bela 3, observando-se que o nimero de microrganismos por grama de fezes & maior ho
surto em estudo do gue na peopulacio normal e similar ao do outro surtc de Campinas

Os alimentos provavelmente implicados na toxi-infeccio foram carne a Lessa ¢
maionese de batata. A diferenca entre as taxas de ataque para ag pess0as que comeram e
ndo comeram esses alimentos foi de 18,1% e 64% respectivamente {Tabela 2},
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Tabela 2 — Taxas de ataque relativas aos diferentes alimentos servidos

Pessoas que comeram Pessoas que ndo comeram

um alimaeanrto especifico um alimento especifico
Alirnentos Nao Taxa de N&o Taxa de Difarenca
servidos Boente Doente Total atagque Daente Doente Total atague  entre as taxas

% %

Carna & “'Lessa”’ 1861 36 187 81,7 21 12 33 83,6 + 18,1
Maianese de
hatata 179 39 218 82,0 2 9 11 18,0 + 64,0
Feijao 171 48 220 77.7 H a 11 100,0 -22,3
Asroz 178 47 228 79,2 10 1 11 80,9 -11,7
Couve refogada 106 34 140 75,7 76 12 g8 86,3 -10.8
Discusséo

Com base nos resultados obtidos através da pesquisa epidemiologica, Clostridium
petfringans ou Bacillus cereus foram considerados as microrganismos provavelmente en-
volvides no surto. A ocorréncia das porcentagens de diarréia & & mediana do pericdo da in-
cubagdo do surto em estudo estd de acorde com os dados apresentados em outras publi-
cagdes (4, 6). .

A contagem elevada de C. perfringens em fezes ocorre néio s6 quando hd toxi-in-
feccdo por este microrganismo mas também quando é& provocada por outros
microrganismos.

Devido a que a presenca de B. cereus ndo é constante, tanto nas fezes normais co-
mo apos toxi-infeccdo pelo microrganisme (8), a auséncia de B. cereus nas feres néo elimi-
na a possibilidade de que esteja implicado no surto. Por outro lade a quantidade de C. per-
fringens encontrada, se bem acima do valor médio em feres normais (Tabela 3) ndo & um
dado suficientemente conclusivo para a afirmacdo que C. perfringens foi o microrganismo
responsavel. Portanto, desde gue nao foi passivel realizar a analise dos alimentos, a divi-
da parmanece a respeito de qual dos dois microrganismos esteve implicado.

Se a maionese foi a causa da toxi-infeccdo, o provavel agente seria £. cereus, pois
este alimento nfo reune boas condigdes de anaerobiose para o crescimento de C. perfrin-
gens, nem a batata é um bom meio de multiplicac8o deste microrganismo. No entanto, se o
alimento causador foi a carne, o provavel agente seria C. perfringens dada as boas con-
dicGes que existem nesse produto para o desenvolvimento de microrganismos anaerdhios.

Tabala 3 — Contagem de Clostridium perfringens por grama de fezes de pessoas atingidas no surte em estudo e
rum surto anterior ocorride em Campinas® & em uma populagdo normal de Belo Horizonte*

N® de microrganismog Surto em esiudo Surto anterigr Populagie normal
por grama de fazes % acorride em Campinas de Bala Horizonte
% %
= 104 0 G 29
104 — 105 9 18,0 25
105 — 108 54 45,5 31
= 108 36 36,3 16

* Referéncia 4,

Através de perguntas i pessoa responsavel pela cozinha, averiglou-se que a maio-
nese fora preparada com batatas cozidas de véspera, deixadas a esfriar a temperatura am-
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biente. No dia seguinte, as batatas foram cortadas e adicionadas de ovo cozido desfeito,
dlen, sal e pimenta. A carne foi cozida de véspera, e no dia seguinte, cortada e condimen-
tada com vinagre, pimenta, sal, 6leo e tomate.

E interessante notar que os dois restaurantes, embora da mesma instituicdo, tinham
cozinhas separadas, mas usaram o0 Mesmo processo de preparo dos alimentos ¢ em ambos
se apresentaram os casos de toxi-infecgo descritos.

Se bem gue ndo se possa afirmar com seguranga qual o alimento causador do surto,
nem qual ¢ microrganisma, parece clara a necessidade do estudo e divulgacio deste caso
em que ha notdria falta de técnica culindria apoiada em principios higiénicos. A deficiente
preparacio repetiu-se em duas cozinhas e as conseqiiéncias foram sofridas por centenas
de pessoas da mesma comunidade.
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Resumo

Quantificacio ¢ dentificacdo de bolores e leveduras que constituem a microbigta
aerdbis do suce de laranja ao natural oferecido ao consumo plblico. Das cem amostras
analisadas, todas apresentaram nomeros superieres a 102 por ml de suco, mostrando-
se gom niveis de boloras o laveduras acima do maximo permitido pelos padroes fixa-
doz pela Secretaria de Estado da Sadde do Estade de $3¢ Paulo, Brasil. Oz génaros Pe-
nicillium, Geotrichum, Aspergilus, Aurecbesidium, Torulopsis, Candida, Rhodotorula
e Saccharomyces toram os mais freqlentemente isolados, enquanto gue os génares
Phoma, Rhizopus, Mucor, Fichia e Klpeckers também fpram identificades, porém com
manor freqiéncia. .

Suramary

Qeccurrence of molds and yeasts in natural orange juices

CQuantification and identification of fungi which are part of the aarobic microbiota of
tha natural orange juice offered to the public consumption. A hundred samples were
analised and all of them presénted numbers superior to 102 fungi per ml of juica, shov
wing that levels of molds and yeasts are above the maximum allowed by the standard
fixed by the Health Secretariate of S&o Paulo, Brazil. The genera Penicilliuin, Georri-
chum, Aspergiflus, Aureobasidium, Torulopsis, Candida, Rhodotorula and Saccha-
romyces were the mest frequently isolated, whereas the genera Phema, Rhizopus,
Muceor, Pichia and Kloeckera where also identified, but with less fraquency.

Introducéo

31

Alguns cuidados rigorosos devem ser tomados no sentido de preservar sucos de fru-
tas que, pela sua propria natureza, sdo facilmente pereciveis. No caso particular dos sucos
de frutas naturais, as alteracfes quimicas, enzimaticas e microbianas podem provocar mo-
dificacfes de odor, sabor e consisténcia, principalmente se forem mantidos a temperatu-

ras superiores a 5°C.

Seaundo Carr {3), 0s sucos de frutas sdo0 na sua mailoria suficientemente acidos a
ponto de inibir o crescimento bacteriano, porém bactérias acéticas aerdbicas, bactérias
laticas microaerdfilas, além de algumas espécies do género Zymomonas, por serem dcido-
tolerantes, padem causar modificacbes na aparéncia, aroma e consisténcia dos Mesmos.
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As alteracdes microbianas que ocorrem em sucos de frutas naturais, expostos a
temperatura ambiente, sfo normalmente fermentacdes alcoalicas ocasionadas porlevedu-
ras sequidas de oxidacbes do alcool e de acidos da fruta por leveduras formadoras de
pelicula e por bolores, que crescem na superficie dos sucos. A presenca de bactérias acéti-
cas pode ocasionar a producdo de acido acético pela oxidacio do Alcool formado e com is-
to, segundo Ingram & Luthi (B}, acidificar o produto.

De acordo corm Recea & Mrak (11), nos sucos citricos o alto grau de acidez, bem co-
mo a quantidade de actcares, propiciam fundamentalmente o desenvolvimento de bolores
¢ leveduras, gue s8o 0s microrganismos que mais se adaptam a esses substratos.

Estudos realizados por Brannon & Pollit (2) demonstram a presencs de leveduras al-
tamente fermentativas em sucos de faranja e toranja.

Ingram (B) refere-se a estudos realizados em concentrados citricos deteriorados, nos
quais foram igsolados dois tipos de leveduras, uma cor de rosa com caractetisticas de Rho-
dotorufa & outra osmofilica pertencente ao género Zigosaccharomyces. Posteriormente, o
mesmeo autor verificou gue a cultura osmofilica pertencente ao género Zigasaccharomyces
tinha a propriedade de fermentar suco de laranja contendo até 709% de acticar, cujo pH era
da ordem de 3,0 (7).

Mo que concerne ags concentrados citricos, ainda segundo ingram {8) as leveduras,
uma vez presentes, mant&m-se vidveis até que as condic8es se tornem favoraveis ao seu
desenvolvirnento, o gual provocara a alteracio do produto.

Nos estudos sobre sucos citricos, fregllentermente s8o referidas as alteractes provo-
cadas por fungos, perem ndo s8o relatados os valores retativos & contagem de bolores e le-
veduras, assim cOmo os géneros ou espécies mais freqientes.

Diante do exposto, planejou-se a contagem e identificacdo de bolores e leveduras
existentes em sucos de laranja ao natural,

Material e Métodos

Foram colhidas 100 amostras de suco de laramja ao natural em 10 lanchonetes e res-
taurantes da Cidade Universitéria Armando de Salles Oliveira, da USP. Em cada estabelaci-
mento foram colhidas, em ocasides diferentes, 10 amostras de suco de laranja.

Eram coletados 150 a 200m! de suco em frascos estéreis de 450ml, os quais a se-
guir eram tampados e transportados A0 laboratdrio em caixa de material isotérmico {1so-
por). No laboratdrio, as armostras eram homogeneizadas e, em sequida, diluidas de 1071 a
10-8 ytilizando-se cormo diluents agua tampornads fosfatads esterilizada e com pH 7.2
{12).

A partir destas diluigbes eram realizadas as determinacdes quantitativas de bolores e
leveduras, empregando-se o &gar glicose batata acidificado. As placas eram incubadas &
ternperatura de 23°C realizando-se leituras apos 5 dias, segundo metodo recomendado
por Koburger {9).

Apos a contagem, procedia-se a analise macroscopica ¢ microscopica das colénias,
Em seguida, de cada placa correspondente & cada uma das diluicbes, erarm isoladas
colénias de bolores e leveduras representativas dos diferentes tipos morfoldgicos, € estas
eram posteriormente semeadas em tubos de adgar Sabouraud dextrose ou dgar malte, adi-
cionados de 100 ug/ml de cloranfenicol, os quais eram a seguir incubados & temperatura
de 23°C por até b dias. Aps este perlado de incubacio as cepas de bolores e leveduras
isoladas eram identificadas segundo as técnicas propostas por Arx & Lodder (1, 10}

Hesultados e Discussio

No Estado de S&o Paulo, com a aprovacio das Normas Técnicas Especiais Relativas
a Alimentos e Bebidas {4), foram estabelecidos vérios padrdes microbioidgicos para ali-
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Tabela 1 — Distribuicie das 100 amostras examina- Tabala 2 ~ Freqléncia com gue difarentes géneros
das de suco de larania a0 natural segundo o numerg de bolores fararm isolados e identificedos em cam
de bolores e leveduras amostras de suco de laranja ao natural
Nomerg de bolores N? de amastras Geénero Fregiiéncia
a leveduras/mi '
0 10 0 Pamcr:fhum 15
10 e ] (12 0 Geotrichum 14
10§ — 103 2 Aspergitius 10
103 pree— 104 7 -
104 105 28 Aureobaszqzum 10
o)) e m— Y 48 Cladosporium 3
108 e (37 17 Phoma 3
107 1 Rhizoptis 2
Total - 100 Mucor 1

mentos. No que concerne aos sucos integrais de frutas, dentre as especificacdes existen-
tes, tolera-se a presenca de no maximo 102 bolores e leveduras por mi de suco ao natural,

Comparando-se 0s resultados obtidos (Tabela 1) com o referido padrio, verifica-se
que as cem amostras analisadas mostraram-se com contagens desses microrganismos su-
petiores ao maximo permitido. Pode-se observar, também, que 45% das amostras gpre-
sentaram-se com nidmeros de bolores e leveduras compreendidas entre 10% & 108 por mi
de suco, valores estes que podem ser considerados elevados.

Nas Tabelas 2 e 3 encontram-se as freqligncias com gue diferentes géneros de bolo-
res e leveduras foram isolados a partir das amostras de suco analisadas.

Quanto aos bolores, de acordo com a Tabela 2, os géneros mais freqgiientemente iso-
lados foram o Penicifium, Geotrichum, Aureobasidium & Aspergillus.

Segundo Ingram & Luthi (8), grande variedade de géneros de bolores pode ser en-
contrada em sucos citricos, & mais comuments o Peniciijum, Aspergiffus e Mucor. Como
se pode verificar {Tabela 2}, os resultados obtidos no presente estudo coincidem com & as-
sertiva desse autor, uma vez dque, embora em pequena proporcdo, o género Mucor
também se mostrou presente. Entretanto, estes resultados discordam dos abtidos por We-
ber (13}, Faucett & Klotz (5), gue evidenciaram com frequéncia a presenca de bolores do
género Nematospora, que por sua vez ndo foi encontrado por Recca & Mrak (11) &m sucos
citricos.

Dentre as leveduras identificadas, as dos géneros Torulopsis, Candida e Rhodotorula
aprasentaram-se com maior freqiéncia {Tabela 3), sendo que os géneros Saccharomyces,
Pichia e Kloeckera também foram identificados, porém com menor freqliéncia. Cumpre sa-
lientar segundo Recca & Mrak (11), que as leveduras ascosporadas pertencentes aos
géneros Saccharamyces e Pichia, podem ser encontradas em sucos simples e concentra-
dos de laranja onde, havendo condicties para a sua multiplicaggo, formam pelicula na su-
perficie. Sequndo Ladder {10}, o género Torulopsis, o qual se mostrou altamente presente
neste estudo, & responsével pela fermentacio alcodlica de varios acticares, como a glicose
& a sacarose, normalmente encontrados em sucos de frutas, podendo perfeitamente vir a
provocar uma fermentacio desses carboidratos, ocasionando assim deterioracdo do
produto.

Conclusbes

MNa contagem de bolores e leveduras realizada em agar batata acidificado, as cem
amostras analisadas revelaram-se com nimeros superiores ao tolerado pela legislacio vi-
gente no Estado de S$3o Paulo, ou seja, 10%/mi.
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As contagens de bolores e leveduras foram elevadas, sendo os valores obtidos mais
freglientemente compreendidos entre 10% ¢ 10%/ml de suco.

Das cepas isoladas, foram identificados bolores pertencentes aos géneros Penicil-
lium, Geatrichum, Aspergillus, Aureebasidium, Cladosporium, Phorna, Rhizopus e Mucor,
sendo os quatro primeiros os mais freqlientes. ‘

Das cepas isoladas, foram identificadas leveduras pertencentes aos géneros Toru-
lopsis, Candida, Rhodotorula, Saccharomyces, Pichia e Klpeckera, sendo os trés primeiros
os mais fregilientes.

Tabela 3 — FreqUé&ncia com que diferentes géneros
de leveduras foram izolados e identificados em cem
amostrag de suce de laranja ac natural

Género Freqi&ncia
Torulopsis 34
Candida 22
Rhodotorila 16
Saccharomyces 5
Pichia 2
Kloeckera 2
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Summary

Some newly ohtained cultures of Proteus mirabilis display the ability to excrete pro-
tease as a stable character, where all or most individuals excrete protease (F* col-
onieg). However, some cultures excrete protease as an unstable character, 1.e. a large
number of individuels in the pepulation do not excrete the enzyme (P-). Thus, it is
possible to postulate the existence of stable and unstable P, mirabilis straing int tarms
of protease excretion. The same doegs not occur with other proteolytic bacterial
strains, such as Psevdomonas aeruginasa, Bacillus subtilis, B. megatherium, 8. cereus
and Staphyloconcus aureus. This instability has not been observed with, respect to
other biochemical features found in F. mrrabifis, such as urea synthesis and hydrogen
sulfide production. The occurtence of P- cells in unstable population of A mirahbilis
may be graatly ingreased by the prolonged cultivation in either nutrient agar or nutrient
broth medium and through sucessive transferring in nutrient broth. Some P+ colonies
newly isotated fram unstable straing may have P- cells in their populations. P+ col-
onies, isolated from stable strains and stored for several months, may show some
degree of instability; howeaver, P+ colonies, isolated under the same conditions from
unstable streins, show grester instability, However, P* individuals endowed with
great stability may be found in both stable and unstable strains.

Resumo

Instabilidade do cardter protease (gelatinase) em Proteus mirabilis. | — Estude de
estirpes recém isoladas

O estudo de individuos isolados revela que algumas culturas de FProteus rmirabilis,
racentameants obtidas, apresentam a condicdo de exgretar protease como um cardter
estdvel, onde todos os individuos, ou sua grande rmaioria, excretam protease (cotdnias
F+). Algurmas culturas, no entanto, excretam esta enzima cemoe um cardter instaval,
ou sefa, um numero grande de individuos destas populacdes ndo excreta a enzima
{P-). Assim, pode-se postuler » existéncia de linhagens de P mirabilis estaveis &
ingtaveis quanto A excragdo de protease. O mesmo N30 acontece cam outras espécies
bactetianas que apfesentam, iguaimente, atividade proteclitica, tais como
Psoudomonas aeruginosa, Baciflus subtifis, Bacillus megatherium, Bacillus cereus e
Sraphylecoccys gurews, Tal instahilidade ndo fol observada em relagio a algumas
caracteristicas biogquimicas ligadas a F. mirabilis, 1ais como sintese de urease e pro-
dug#o de suifeto de hidrogénio. A ogorréncia de eélulas P~ em populaces instaveis da
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P, rmirabilis pode ser grandemanta aumentada pelo cuitive prelongado em maio
nutritivo solido ou liguide e stravés de subcultivos sucessivos em caldo nutritivo.
Algumas coldnias P+, recenternante isoladas de linhagens instéveis, podem apresen-
tar células P~ am soas populacdes. Coldnias Pr, isoladas de linhagens estivais &
estocadas por varios meses, podem mostrar algum grau de instabilidade, contudo,
colbnias P+, isoladas sob as mesmas condicdes de linthagens instaveis mostrou maior
instabilidada. Além do mais, individuos P+ dotados de grande estabilidade podem ser
ancontrades tante em linhagens estaveis como mstaveis.

Introduction

The Proteus group consists of facultatively aerobic Gram-negative and motile bacilli.
They are widespread in nature, ordinarily saprophytic, and forming an important part of
the flora which decomposes organic matter of animal and plant origin. The bacilli oceur in
all kinds of environments such as land, water and sewers, and In the saprophytic phase of
its existence can cause, in certain situations, pathologicat disorders in animals jncluding
man.

One of the biochemical characterigtics of P mirabiliz is production of gelatinase, a
proteolytic exoenzyme acting on the polypeptide bonds of gelatin. Since gelatinase has
been shown to be effective also in degrading other proteins, such as casein and albumin, it
will be designated here as protease {4).

A crater-shaped liquefaction is generally visible 24 hours after mocu!ation into
gelatin medium when newly isolated straina are used. According to Topley & col. {9),
some strains maintained for some time in the laboratory liquefy gelatin more slowly, with
weeks needed for the process to be completed, or, in some cases, completely lose thIS
ability.

In addition, we found that some recent clonal isolates of P. mirabilis from clinical
material give populations which are heterogenous in terms of protease excretion. The ob-
jective of the present study ‘'was to characterize this instability of the protease trait in dif-
ferent P. mirabilis populations.

Mate_rial and Methods

Bacterial strains — The bacterial strains used in this study and their more relevant proper-
ties are given in Table 1. The symbols used for bacterial genotype and phenotype follow
the recommendations of Demerec & col. (2). The £. mirabilis strains of the | series reached
our laboratory immediately after isolation. The remaining ones have been stored in our
laboratory or in the original laboratory for prolonged periocds of time. The protease-
excreting strains are represented by P+ and the non-excreting strains by P—.

Cutrure medis — The composition of the culture media used is giver in grarns per liter of
digtilled water. NA — Bacto-Nutrient Agar; NB — Bacto-Nutrient Broth; NG — Bacto-Blood
Agar Base, with 7.5g Bacto-Gelatin and 10g Bacto-Agar added; MU — Cook’s medium,
meodified (1): Bacto-Peptone, 1g; sodium chloride, Bg; potassium monophosphate, 0,8g;
sodium disulfate, 1.2g; 0.2% red phenal solution, 6ml; Bacto-Agar, 20g; pH 6.8. MS —
medium used to determine hydrogen sulfide production: Bacto-Tryptone, 10g; Bacto-Beef
Extract, 2g; sodium chloride, 5g; Bacto-Dextrose, 1g; Bacto-Agar, 20g. /ndex solution —
Amimoniurm ferric citrate, 2g; sodium thiosulfate, 2g; distilled water, 85ml. One liter of
medium was sterilised and 30ml of the sterile index solution was added and the mixture
distributed into dishes {(30ml per dish),

Occurrence of P colonies in Proteus mirabilis strains obtained from clinical material —
Each strain was cultured in NB overnight at 37°C, after which the culture was convenien-
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Strains

Characteristios

Origin

N-2 ta N-17
5-3 and 5-4

N-17-1 to N-17-24
N-17-C

N-17-8-13

N-17-8-13

BM-1 to 8M-10

AT-26 to AT-38

Fs. aeruginess

Pz aeruginosa

B. subtilis

[solated from human clinical
material {unstable)
lzalated from human clinical
material (unstable}
Originated from golony N-17-p+
Originated from colony N-17
{unstable)
Originated from colony N-17-8-p™
{stable)
Originated from colony N-17-8
(unstable)
Originated from ecolonies N-17-p~
Originated from N-17 (unstable}
Originated from N-17 (unstable}
Isalatad from human glinicat
materizl (stable and stable)
P+ stable population
B stable population
P+ unsiable population
P+ unstable population
B unstable population
E+ unstabie poputation
Lnstable population
tsolated from human clinical
mazterial {stable and unstable)
isolatad from human clinical
material {sizble and unstabla)
1 Isolated from human clinical
material
31 lsolated from hurman clinical
material
33 Igglatad from human clinical
material
47 Isolated from human clinical
material
51 isotated frarm human clinical
matearial
52 Isolated from huran clinical
material
56 lsolated from human clinical
material
1851 Isolated fram human clinical
material
1864 |solated from human clinical
material
1877 Isolated from humar clinical
matesial
1946 Isolated from human elinical
materiai *
1987 Isolated from human clinical
matarial
1967 Isotated from human climcal
matarial
2014 isolated from human clinicat
material ’
18 Wild type
19 tep thy
26 his
27, trp, his
F1 Wild type
W23 Wild type

N.P. de Souzad
N.P. de Soura®

Thiz paper
This paper

This paper

This paper

This paper

This paper

This paper
G.V.A. Pessoat
This paper

This paper

This paper

This paper

Thiz paper

This paper

This paper
C.E.0.P. Campos®

E. Perided

G.V.A. Pessoal
G.V.A. Pessoat
G.V.A. Pessoa’
G.V.A, Pessoal
G.V_A. Pessog?
G.V.A, Pessoal
G.V.A, Pessoab
G.V.A. Pessoa?
G.V.A, Pessoat
G.V.A. Pessoal
G.V.A. Pessoa?
G.V.A. Passoal
G.V.A. Pessoa?
G.V.A. Pessoa
L.F. Archer?

L.P. Archere

L., Archer?

W. Collif

£, Alterthum?
5. Groar
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Table 1 — Bacterial strains studied in the presents investigation (continuad)

Straing Characteristics Origin

B. megatherium F. Wild type F. Alterthurny
F1 Wild type F. Alterthurms
F2 Wild type F. Aherthums
1A Wild type This laboratory

B. cereus F 81 Wild type F. Alterthums
1 Wild type This laboratory
2 Wild type This laboratory
3 Wild type This laboratory

5. gureus 3A6 Wild type 4. Sigueira Jrf
3A10 Wild type J. Siqueira Jrf
3A45 Wild type J. Siqueira Jrf
131336 Wild type R.W. Lacey/
196E Wild type J.N. Baldwin®
PCE Wild type J.N, Baldwin®
4 Wild type MN.P. de Souza*

&. Laboratory of the Santa Casa de Curitiba, {Brazil); 4. Laboratory of Bacteriology, Adolfo Lutz Instituta, {Brazil):
c. Faculty of Medical Sciences of Botucatu (UNES®); 4. Institute of Microbiclogy {UFRJ), (Brazil); e, Gulbenkian
Science Institute {(Portugal); £ Institute of Chemistry (USP): . Institute of Chemistry (USP), (Brazil): A. University
of Miami (USA); /. School of Agronomy “'Luiz de Oueirgz™" (USP), {Brazil); /. King's Lynn General Hospitat (Em-
gland); k. University of Georgia {USA). '

tly diluted with 0.15M saline solution, and Q.1ml aliquots were spread on the surface of
several plates containing NG medium in order to detect protease excreting and ngn-
excreting (P* and P~) colonies by the gelatin hydrolysis test.

Gelatin hydrolysis test in culture medium (Frazier (3}, modified] — Bacteria grown in NB over-
night at 37°C were plated onto NG to produce isolated colonies. After overnight incuba-
tion at 37°C, the protease-excreting colonies (P+) were detected by covering the medium
surface with a saturated solution of ammonium sulfate (May & Baker, Ltd.) for 20 to 30
rinutes. The colonies surrounded by a transparent halo indicate activity of the enzyme on
the gelatin contained in the medium.

Hydragen sulfide production — The bacteria were planted onto freshly prepared MS so as
to give no more than 5O well distributed colonies per plate.

Urease synthesis — Colonies grown in NA-containing plates were transferred by replica
plating {7} onto MU medium. After a growth of 8-8 hours, the colonies were covered with
filter paper previously soaked in a 40% urea solution and dried at 37°C. The ureage activi-
ty of the colony is demonstrated by the appearance of a red coloring on the filter paper.

Qccurrence of P~ cells in newly isolated P* colonies of P. mirabillis — Two strains (N-17
and N-17-1) were selected which normally display high frequencies of P~ cells, and two
others consisting almost exclusively of P+ cells (N-17-11 and N-17-12). Ten B* colonics
frorn each strain were individually seeded in tubes containing NB medium and incubated
for 12-18 hours at 37°C. The preparations were then diluted and inoculated into plates
containing NG mediurm and allowed to develop for 18-20 hours at 37°C. The differencial
count of P+ and P~ cells was made with the aid of the gelatin hydrolysis test in NG
medium,

Effect of prolongad permanence of Proteus mirabilis straing in liquid nutrient rmedium on
the occurrence of P~ cells — Screw-on cap tubes containing 5.0ml NB medium were see-
ded with F. mirabifis strains and the frequencies of P~ colonies were determined. The
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culture tubes were maintained at 37°C for 21 days. The frequency of P~ cells was deter-
mined weekly by the technique of gelatin hydrolysis in NG medium,.

Effect of prolonged storage of Proteus mirabilis strains in slanted nutrient agar on the oc-
currence of P- cells — Strains were stored in screw-on cap tubes containing stanted NA
medium at roomm temperature. The frequency of P colonies was deterrmined at zero time,
i.e. at the time of the initial inoculation and on four subsequent occasions while the culture
remained in storage, by the technigue of gelatin hydrolysis in NG medium.

Effect of repeated subculture in liquid putrient medium on the occurrence of P~ colonies in
P. mirabilis strains — Tubes containing 2.0mt NB medium were used for successive cultu-
ring overnight at 37°C. The number of P~ colonies was deterrmined at the beginning of the
experiment {zero time}, Subcultures were carried out daily by transference of the culture
contents to fresh nutrient medium with the aid of a wire loop. This culture was con-
secutively incubated at 37°C for 24 hours, and subsequently transferred for 150 times.
The counts of protease-producing or non-producing colonies were made by the technique
of gelatin hydrolysis in NG medium.

Results

We have analysed individual colonies derived from 177 Proteus mirabilis strains
isolated from human clinical material of different sources and have found that several
populations show heterogeneity in terms of the ability of colonies to excrete protease
(Table 2). On the other hand, such high-level instability does not appear 1o occur in several
other bacteria strains also endowed with proteolytic activity: Pseudomonas aeruginosa
fourteen), Baciffus subtilis (seven), Bacillus megatherium (three), Bacillus cereus {five),
and Staphylococcus sureus (seven). In this study it was tested from 400 to 4.000
colonies, '

Table 2 — Ocourrence of non-protecse-excreting (P - | colonies of Proteus mirabilis obtained from clinical materiat

Strains® né of origin Tested colonies P- colonies
L-1 1.454 6B5 2
L-40 1.812 802 o]
L-80 3.69% 320 44
L-120 15-P 3636 1948
L-160 221.PD 659 B9
N-10 - 2565 134
N-12 - 707 203
N-14 — 281 52
N-16 - 186 6
N-17 - 2088 363
Brm-1 32 1000 40
pm-3 108 800 3
Bm-5 143 770 1
Bm-7 189 1800 0
Bm-9 210 2200 G
AT-28 2396-K52 400 2
AT-28 2380-51 3100 70
AT.30 AMN20 2000 0
AT-32 21435 7000 0
AT-35 21871 1960 5

a. Strains listed in Table 1. Strains N-10 to N-17 have been stored in the laboratory for 8 yearﬁ. Ordy 20 of the 177
samples studied are given in this Table.
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A second class of F. mirabilis were aiso observed in which protease excretion sgems
to be a stable trait. Although the number of analyzed cells was not always sufficiently
large, a population was designated as stable when it showed no P- celis. Some strains
were later studied in more detall and definitely considered to be stable, and therefore in-
cluded in some of the following experiments.

We have also determined the stability of two other biochernical properties, hydrogen
sulfide and urease production, in gight P. mirabifis strains in which protease excretion is
either a stable or an unstable trait. From each strain we have tested an amount of colonies
ranging from 240 to 2.070. All of these strains get stable in their ability to produce hydro-
gen sulfide and urease. We conclude that the genetic information involved in these latter
two biochernical processes is stable.

We have examined the stability of protease excretion in ten clonal isolates from each
of two stable strains {N-17-11 and N-17-12) and two unstable strains (N-17 and N-1 7-1)

Table 3 — Qccurrence of P- cells in newly isolated P+ colonies of Proteus mirabilis

Strains colony nf Tested calonies P- ol

142
145
145
895
122
158
148
253 1
151
166
304
303
712
868
B24
963
798
413
166
500
158
259
185
223
170
131
1492
173
179
209
738
910
321
701
820
333
475
s3a
400
8530
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Strains N-17 and N-17-1 are unstable in terms of protease synthesis, Strains N-17-1% and N-17-12 are stable
(Table 1).
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(see Table 3). The two unstable strains seem 10 segregate both cells in which protease ex-
cretion is a stable trait and cells in which it is an unstable trait. The progenie of the stable
straing N-17-11 and N-17-12 remain P+. The stability of the P7 trait in N-17-11 and
N-17-12 is also observed following prolonged storage (Fig. 1), where as thare i3 conside-
rable conversion of the unstable straing N-17-9-13 and N-17-C into protease negative
strains under thege conditions. o

Prolonged storage of P colonies isolated from stable and unstable cultures shows
that although most P+ cells exhibit the unstability trait in terms of protsase excretion

Table 4 - Occutrence of P- cells in P+ colonies from stable and unstable Proteus mirabilis strains stored aver a
larg periad of time

Storage time (months)

Steains
5] 12
Cultare n? K
Testad P- colonias Tested - colonies
colonies calonies

L-22 1 854 2 794 0
2 1040 7 g8e 1

3 775 0 481 1

4 8517 0 838 Q

5 770 B 549 Q

5] 743 0 801 2

7 1024 12 631 2

g 577 o [51:14] c

9 572 0 200 0

10 1146 26 820 5

L-70 H 669 0 245 o]
2 463 0 318 0

3 366 0 304 )

A 318 11 82 5

5 385 o 360 0

=1 349 G 434 o}

7 246 0 225 0

3 416 o] 810 Q

=] 444 0 337 Q

iC 488 0 376 0

L-79 1 524 12 687 g
2 823 5O 452 339

3 877 877 1621 1621

4 814 o} 615 1

5 1387 3 1100 =

<] 377 o] 378 0O

7 558 252 421 ns

a2 668 O 774 0

g 974 0 485 0

10 3B5 33 875 43

N-17 1 1312 2 220 6
7] 314 4 420 4]

9 488 a 4t 2]

10 768 199 800 300

11 456 14 717 9

12 a2 0 168486 0

14 ag4 414 1791 310

17 426 54 450 €0

19 582 O 637 Q

21 457 38 718 50

24 1223 1154 1049 1007

Strains L-22 and L-70 are stable, and L-79 and N-17 are unstable in terms of the protease trait (Table 1}
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Figure 1 — Effect of prolonged storage of unstable cultures in sianted solid nutrient medium on the occurrence of
F- cells
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Strains Nv17-9-13 and N-17-C are unstable, and strains N-17-8-13, N-17-11 and N-17-12 are stable in terms of
the protease trait {Table 1).

Figure 2 — Effact of prolonged permanence of tha eultures in liquid nutrient medium on the occurrence of P- calls
in Proteus mirshilis strains
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Strains N-17, N-2, 5-3 and 5-4 areunstable, and strain N-17.12 is stable in terms of the protease trait (Table 1},
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Figure 3 — Effect of repeated subcultures in liquid nutrient medium on the occurende of P~ golonies in Proteus
mirabifis strains
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Strains N-17-1 and N-17 are unstable, and strains N-17-11 and N-17-12 are stabie in tarms of the protease trait
(Fahle 1].

(Table 4), some of these P~ colonies seem to behave in a very stable manner. Colony
number 12 of sampla N-17 {N-17-12)} for example, shows continue stability following 24
months of storage. Further studies carried out during these last eight years corroborate
this fact.

The instability of protease production can also be seen when strains N-17, N-2, 5-3
and 5-4 are cultived in nutrient broth (NB) for 21 days {Fig. 2) or for the cases of strains
N-17 and N-17-1 by making daily subcultures (Fig. 3). Strains N-17-11 and N-17-12
remained perfectly stable under these growth conditions.

Discussion

When the incidence of P~ individuals in #. mirabilis strains isolated from human clini-
cal material from different hospitals is analyzed, populations are found which are hetero-
geneous in terms of protease excretion. Some strains have few or no P~ {stable) indivi-
duals, while some populations are composed of a very large number of individuals which
do not excrete the enzyme (unstable). Although the unstable samples display a high inci-
dence of P~ individuals, this fact does not prevent these strains, taken as a whole, from gi-
ving a positive, though slow, reaction to the gelatin-liquetying. This slow reaction or even
the rare occurrence of a negative gelatinase test must have been one of the reasons why
the instability phenomenon did not awake interest on the part of microbiologists. Another
factor may have been ignorance about the important correlation between instability and
extrachromosomal inheritance, which only recently was emphasized.

This phenomenon does not seem to occur with other proteolytic bacteria such as
Pseudomonas aeruginosa, Bacillus subtilis, B. megatherium, B. cereus and Staphylococ-
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cus aureus. Two other hiochemical characteristics of £. mirabilis, hydrogen sulfide pro-
duction and urease synthesis, have also been shown to be stable, even when some
protease-unstable strains were tested.

The genetic information responsible for H,5 production by £, coff is encoded by a
plasmid {5, 6, 8}). These investigators found spontaneous segregation of H,5-negative
cells in several £. colf strains. Cook (1) observed hoth spontaneous instability and induced
instability by the action of curagenic drugs for urease synthesis in Streptococeus faecium,
and considered these data to be evidence for plasmidial inheritance,

The instability of the protease trait becomes more evident when the presence of P~
cells is investigated in Pt colories of unstable £ mirabilis samples. In ong of the P* colo-
nies of the unstable strains N-17, more than half the individuals were shown 1o have lost
the ability to excrete protease.

Storage in nutrient agar for several months of strains derived from unstable £
mirabilis samples led to a considerable increase in the number of P- individuals, thus
showing a possible participation of the environment is this conversion. The segregation
of variants which are negative for a given genetic trait upon profonged storage suggests
the possibility of plasrmidial inheritance (5, 8). However, instability due to prolonged
storage does not accur in strains derived from stable samples suggesting that this genetic
information can be integrated into the chromasome,

When the number of P* and P~ cells was determined not in samples, as a whole,
sent by the original clinical laboratories, but rather in newly started cultures obtained from
a single P* colony, a greater incidence of stable individuals was observed. This fact raises
the possibility that not all P+ cells are potencially unstable. indeed, when ten P+ colonies
from several samples which had shown both stability and instability were stored for a pro-
tonged period of time, it was possible to verify that the ability to produce protease was a
stable trait in some of the P, mirabifis strains, with all or most individuals synthesizing the
enzyme, while in other samples protease production was unstable, with many individuals
unstable to exerete the enzyme. It should be pointed out, however, that, even in these
unstable straing, some colonies were found in which the trait became stably inherited.

When P+ colonies of an unstable sample are analyzed a variable degree of instability
is noted, with some P' colonies showing high instability by preducing many P~ in-
dividuals, while others reach intermediate instability levels, and still others maintain high
levels of stability. When P~ individuals originating from a stable sample are then analyzed,
the degree of instability arnong these P* colonies is much lower. On the other hand, some
F. mirahifis samples are so unstable with respect to the protease trait that, when it is
desired to maintain them in the laboratory for several years in the presence of P+ in-
dividuals, periodical selections in favor of Pt colonies are needed. It 30 happens, however,
that this practice may lead some of these cultures to absolute stability. A good example in
given by strains N-17-12, derived from a P+ colony of the unstable sample N-17, which
has been shown to be stable during a storage time of about 8 years.
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Summary

Even though protesse excreting (P1) and nom-exerating calls (P-) from a single Fro-
teus mirabiliz strain exibit very similar generation times during a short culture period in
nutrient broth and in nutrient broth with gelatin added, a larger conversion of P+ cells
into P- cells is observed when unstable P. mirabilis are repeatedly submitted to sub-
cultures in gelatin-frae nutrient broth.

Resumo

lnstabilidade do cardter pratease (gelatinasel em Proteus mirabifis, Il — Comportamen-
to de célufas excretoras e ndo excretoras de protesse na presenca de gelating

Apesar de células excretoras (P*) e ndo excretoras de protease (P-), obtidaz de uma
mesma estirpe de Proteus rmirabifis, aprasantarem tempos do geracio muito proximos
quando cuitivadas em caldo nutritive e em caldo nutritivo adicionado de gelatina, ob-
3erva-se uma maior conversio de cdlulas P+ am P~ quands estirpes instiveiz de A
mirghifis s#o repetidamente cultivadas em caldo nutritive sem gelatina,

Introduction

Analysis of several protease-excreting populations of Proteus mirabilis showed in-
stability of the protease trait, characterized by the presence of a variable number of in-
dividuals which lost the ability 1o excrete protease. This instability could be demonstrated
by prolonged sample starage, by prolonged culture in nutrient agar and broth, or by suc-
cessive daily subcultures (1). Protease-gxcreting and non-excreting cells from the same
population were also shown to behave differently when inoculated into mice, the former

more effectively reducing the survival rate (2) of the animais.

The present study is an attempt to determine the differential behavior of protease-
excreting and non-excreting cells cultured under different conditions in the presence of

gelatin.

Rev, Microbiol., 550 Paulo, 13(1):46-49, Jan./Mar. 1982
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Material and Methods

Bacterial strains — The bacterial strains used in this work and their most relevant propetr-
ties are given in Table 1.

Culture media — The composition of the culture media used is given in grams per fiter of
distilled water. NA — Bacto-Nutrient Agar: NB — Bacto-Nutrient Broth; NBG — Bacto-
Nutrient broth with Bacto-gelatin added, 5g; NG — Bacto-Blood Agar Base, with Bacto-
gelatin added, 7.5g. and Bacto-agar, 10g.

Test of gelatin hydrolysis in cufture medium (Frazier, (3) modified — Bacteria grown over-
night in NB at 37°C were plated onto Petri dishes containing NG medium to produce
isolates. After overnight incubation at 37°C, the presence of protease-excreting colonies
[P+ was revealed by covering the medium surface with a saturated ammonium sulfste
solution {May & Baker Ltd.) for 20 to 30 minutes. Colonies surrounded by a transparent
halo indicate enzymatic activity on the gelatin in the medium.

Effect of gelatin an the culture medium in the presence of P~ cells in Proteus mirabilis
samples — Different P. mirabilis samples were transfarred from the stock to 2.0ml of NB
medium and to 2.0mi of NBG medium and incubated overnight at 37°C. The number of P~
cells were determined for each sample in the different culture media {(zero time), and daily
subcultures were carried out for 50 consective days. Counts of protease-producing and
non-producing colomies were carried out by the technique of protein precipitation in
nutrient medium (NG} by the technigue of gelatin hydrolysis.

Growth curve of P+ and P~ Proteus mirabilis celfs in nutrient broth — Cultures of the dif-
ferent strains, carried out in NB with 0.2% glucose added until half the logarithmic phase
was reached, were inoculated into Moore flasks containing 50ml NB with glucose added
(4) to determine 0.D. 540nm (Coleman Jdr., model 6A — 20) corresponding to appro-
ximately 5.0 x 10° cells per mi. Aliguots were withdrawn to determine viability at zero
time, and the two systems were shaken at 37°C (160 strokes/min). Samples were
withdrawn at two-hour intervals during 10 hours of growth. Each sample was diluted ac-
cording to the density of the culture at the time of sample withdrawal, plated onto dishes
containing NG medium, and incubated for 18-20 hours at 37°C. A differential count of P+
and P~ cells was carried out by the method of gelatin hydrolysis in NG medium. Genera-
tion time was calculated according to Winkler & col. (b).

Table T — Bacterial strains studied in the present investigation

Strains Characteristics Origin

N-17 |solated from clinical N.P. de Souza®
materiat [unstable)

M-17 G Originated from colony This paper
MN-17

N-17-11 Originated from colony This paper
N-17 P-

M-17-12 {P+) Originated from colony Thig paper
N-17 P+ (stablel

N-17-EB (P~} Griginated from colony This paper

N-17 Gm “"cured’’ with
ethydium bromide
L-166 |salated from Ruman
elinical material, P+ G.V.A Passoat
{stable)

&, Laboratary of the Santa Casa de Curitiba, Pr.; b. Laboratory of Bacteriolagy. Adolfo Lutz Institute.
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Figure T -- Effect of gelatin on the culture medium in the coccurrence of B cells in Proteus mirgbitis samples
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A study was made of the unstable strains L-68 and N-17Gm, and of strains N-17-ll, N-17-12, and L-166, which
repreésent P~ and Pt -irreversible populations, respectively. Curve A represents the frequency of P~ cells in

gelatin-free medium, and curve B, in medium with gelatin added.

Figure 2 — Growth curve of Prateus mirabilis P+ and P- cells in nutrient broth with glucose added (A} and in nu-

trient broth with glucose and gelatin added (0.5%) (8)
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The P¥ {N-17-12} and P~ (N-17-EB) strains constitute different ¢
their protease-finked traits are known to be stable. The generation

lones of the same pepulation {N-17Gm} and
tunes were close for both strains.
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Growth curve of Pt and P~ Proteus mirabilis cells in nutrient broth with gelatin added —
The procedure was sirmilar to that described in the proceding section, except that the
nutrient broth (NB) was replaced with NBG with glucose added.

Results and Discussion

A fundamental difference occurs when unstable strains are submitted to successive
daily cultures in NB medium and in NBG medium. Instability appears to be very marked in
NEB, but not in NBG (Figure 1A and 1B), even though no difference in behavior is noted bet-
ween P+ and P~ cells in NB and NBG (Figure ZA and 2B). The generation times for both
strains were very similar with each culture system (27 and 29 minutes).

Apparently selective environmental pressure occurs favoring differential P~ growth
in unstable strains, when these are repeatedly subeultured in the absence of gelatin. This
fact, however, does not accur when the P+ and P~ cells are submitted to growth curve for
a relatively short time. In view of this fact, we may ask what advantage protease confers
1o P. mirabilis. Costa & col. (2) determined that protease-excreting cells decrease the sur-
vival rate of intraperitoneally inoculated mice, when compared to non-protease excreting
cels.
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Resumo

Isclamenta de amastra d¢ Yerminiz enterccolitice do sorotipo 03, de criangs com
diarréia cronica, em Botucatu, 5P, onde anteriormente foram isoladas amostras do
mesmo sorotipo, a pantir de porcos. @ rato.

Summary

Yersinia enteracolitica isolated From a ehild with chronic diarrhoea, in Botucatus SP
Brazif

The isolation of Yersinia entergeolitica 03 from a 2 years old child with ghronig
diarrhoea is reported from Botueatu SP Brazil. The same serotype was previously
isolated from pigs and a rat in the same region,

Yersinia enterocolitica tem sido reconhecida como causa de infeccdo no homem,
associada aos mais variados quadros clinicos, sendo a gastroenterite em criancas a forma
mais freqgiente. No Brasil, existem poucas referéncias sobre o isolamento desse
micrerganismo de material de origern humana. Ag primeiras amostras foram isoladas de
animais: abscessos hepéticos de saglis, em 1968 (Giorgi, W. & col., Arg. inst. Biol.,
36:123-127, 1969); fezes de rato, em 1971 (Decarlis, R.M.5.T. & col., Congresso
Brasileiro de Microbiclogia, 1l, S50 Paulo, 1970) e fezes de suinos, 19756 (dados néop
publicados). Os dois (itimos estudos foram realizados em Botucatu, SP e o sorotipo de
Yersinia enterocolitica era 03. Os casos humanos foram relatados por Piszolitto, A.C. &
col. em 1975, em Araraquara, SP {In: - International Symposium on Yersinia, 31,
Montreal, 1977 — Yersinia enterocolitica: biclogy, epidemiology and pathology. Basel,
Karger, 1979, p. 169-173), por Fontes, C.F. & col. em 1978, em Sao Paulo, (Rev.
Microbiol., 9:167-168, 1978) e por Stumpf, M. & col. em 1978, no Rio de Janeiro (Rev.

Rev. Microbiol., S&0 Paulo, 13{1);50-52, Jan./Mar. 1982
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Bras. de Pesquisas Med. & Biol., II: 383-384, 1878). Descrevermos, no presente relato,
amostra isolada de fezes de urna crianca de 2 anos ¢ 8 meses, internada no Hospital das
Clinicas da Faculdade de Medicina de Botucatu, 5.P., corm a seguinte historia: surtos
repetidos de diarréia desde os 6 dias de idade, as vezes com catarro e sangue e as vezes
acompanhados de febre. Apos tratar de verminose, 08 surtos espacaram para 15 diag e,
quando melhorava & diarréia, surgia ““bronquite’”. Nos ultimos meses apresentotl,
“memorroidas’’ com sangue vivo e dor & evacuacio; ha 4 meses teve pneumonia e ha 15
dias nova pneumonia.

O material foi previamente enriquecido em meio de Rappaport modificado (Wauters,
G. — International Symposium on Yersinia, Pasteureffa and Francizefla, Malmo, Apr.
10-12, 1972. Proceedings, Basel, S. Kager, 1973, p. 68-70) e em tetrationato de
Kauffman e posteriormente semeado em Agar S8 ¢ Hektoen Enteric Agar, alem de ser
semeado diretamente em Agar 55 ¢ Agar MacConkey. Apos incubagio a 22°C e a 37°C
por 48 horas, observou-se crescimento de coldmias lactose negativas, diminutas,
transparentes as quais foram a seguir semeadas em Triple Sugar fron e posteriormente
levadas & série bioquimica (Edwards, P.R. & Ewing, W.H. — ldentification of
Enterobacteriaceae. 3 ed. Minneapolis, Burgess Publishing, 1972, 362 p.}. Os resultados
s3o apresentados na Tabela 1, revelando gque a amostra apresenta as caracteristicas
biogulmicas de Yersinia enterocolitica. A confirmacéo foi feita através de caracterizacio

Tabela 1 — Caracteristicas bioquimicas da amastra de
Yersinia enterocolitica

Teste ou substrato Reacdo

H25 {T31)

thdol

Vi

VP

Citrato de Simmons
Ureasa

Motilidade — 25°C
Motilidade — 37°C
Fenilalaning desaminasa
Lisina descarboxilase -
Arginina dihidrolasa
Ornitina descarboxilase
Glicosa — acido
Glicose — gas

Lactose

Sacarose

Celobiose

Xilose

Arabinose

Traalose

Rafinose

Ramnose

Levulose

Galactose

Salicina

Malonato

Duleitol

Adanitol -
thoasitol
Sorbitol
Glicerp]
Manitel
Qxidase

I+ 1 ¢

I+ + 1

+ 1

I+ 11 ++ 1 ++ 11

Fb+ o+ |

Temperatura de ingubagae — 37°C; + reacio positiva
dentro de 1 a 2 dias; - reacio nagativa.
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sorelégica, concluindo-se que pertence ao sorotipe 03. O teste de agiutinacdo, em tubo
com amostras de soro do paciente, colhidas ao momento do isclamento e dois meses
apds, revela que o primeiro soro apresentou titulo de 1:80, quando testado com antigeno
de Yarsinia enrerocolitica 03. O segundo sore foi negativo. A prova de sensibilidade a
antibidticos e quimioterapicos, pelo método de Kirby-Bauer (Bauer, AW, & col., Amer, .J.
Clin. Path. Tech. Sect., 45:453-469, 1966) mostrou ser a amostra sensivel & canamicina,
neomicina, gentamicina, estreptomicina, polimixina B, colistina, cloranfenicol,
tetraciclina, dcido nalidixico, sisomicina, amicacina, moderadamente sensivel & ampicilina
e cefalotina e resistente & sulfadiazina. Apds tratamento com staficilin € ampicilina, para a
pneumonia, os sintomas de diarréia desapareceram. Os dados mostram a ocorréneia de
Yersinia enterocolitica na regido de Botucatu. N&o sabemos, no entanta, qual o papel da
Yersinia enterocolitica no  conjunto  sintomatolégico apresentade pela crianca.
Anteriormente, o mesmo sorotipo havia sido isolado de fezes de animais sendo que os
suinos, sabidamente, constituem reservatorio dessa bacteria (Hurvell, B. & col.,
International Symposium on Yersinia, 3™, Montreal, 1977 — VYersinia enterocolitica:
biotogy, epidemiology and pathology. Basel, Karger, 1879, p. 243-248).
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Summary

N, sicce was isolated from the oral cavity of ten volunteers, eithar on TSAV gr on Levi-
na's media. Other neisseriae were also detegted, such as N, Flavescens and N. subfla-
va only in TSAV medium, although Leving's medium in one instance could detect A
mucosa, it seems that TSAV medium was more efficient for isolation of neisseria than
Levire’'s medium, Through the methodelogy used in the present paper it was also ob-
selrved that in the oral cavity, the tongue showed at lsast twice more neisseria than
saliva,

Resumo

Analise comparativa da eficiéncia entre dais meios de cultura pars o isolamento &
quantificagdo de espécies do género Nelsseria, isoladas da lingue e de saliva

Utilizando-se do maio T.5.A. rdicionado de Vancomicina (TSAV) e do meio de Levine,
530 propostos padroes de coleta e manipulacéio das armostras cothidas da saliva e da
lingua, para o isolamenta e quantificagc de espécies do género Nefseria. O meip
TSAV ¢ o mais indicado, tendo V. sicea sido iselada em 10 dos casos estudados. De
uma farma geral, & lingua apresentau mator populagio de neisseria do que a saliva.

Introduction

Microorganisms belonging to the genus Ne/isseria present in the oral cavity have aris-
ed the interest of many workers (1, 8, 10, 11, 12, 13, 14, 17, 18); however, the early
observations did not allowed to guantify those bacteria due to the lack of standardization
conditions either in sample collecting, innoculum handling or culture conditions.

in 1967, Ritz (16) proposed Tryptoneg soy agar with Vancomycin {TSAV) for isola-
tion of Neisseria microorganisms. Others workers (1) using the same media isolated and
listed several Neisseria species, from tongue, cheek, dental plaque and gingival sulcus.
Querido & Araujo {15} confirmed partially these results, just for isolation of M. sfeca and M.
rmueesa but not for all species of Neisseria. They also verified that several MNelsseria
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species found in the oral cavity grew on Teagues’'s media. However Lorenzetti (11) in a
comparative assay Tor the efficiency of Teague and Levine’s media showed & 8.6% higher
growth index when using the Levine's media.

In the present study, standard conditions were used to compare the efficiency of
isolation and identification of neisseria on the tongue and saliva using Levine and TSAV
media.

Material and Methods

Collection of sarmple — The samples were collected from 10 volunteers showing good
conditions of hygiene and oral health. They were not under antibiotic therapy, antisseptic
use and wore no prothetic or orthodontic apparatus.

The saliva was collacted without mechanical or chemicalt stimulus, in sterile bottlas
and diluted afterwards to 101, 10-2, 10-3 and 10~ % with sterile saline buffered solution
{SBS} pH7.2.

The tongue material was collected as previously described by Campos (5). Initially
all the surface of the organ was gently scrubbed with a sterile swab soaked in SBS 1o
remove food residues and desquamated cells. Then, by using a 0.05ml capacity curette,
the first, third and central tongue mucosa portions were scrapped backwards, The
rmaterial obtained was imediately soaked in SBS to proceed further dilutions as mentioned
for saliva.

From each dilution of saliva and tongue material double aliquots of Q. Tmi were in-
oculate onto TSAV* and Levine’s* * plates and spread with Drigaisky handle.
available number of colonies to be counted were selected. One of the TSAV plates was
saved for the oxidase test. Since Levine’s medium is not appropriate for this test, several
colonies initially growing on it were transfered to TSAV medium to perform the test.

After bacterioscopic examination of the selected plates, material from 10 different
colonies of gram negative cocci were transfered to TSAV slants and incubated for 48h at
37°C under normal atmosphere.

Later on, all the species were identified according to Bergey's Manual (3).

Results

Table 1 shows the comparative efficiency of TSAV and Levine’s media for isolation
of Meizseria species from oral cavity. The TSAV medium yelded somewhat higher number
of colonies than Levine’s medium (nevertheless these two media are consistent that the
number of Meisseria in oral cavity is at least twice as higher on the tongue than the saliva).

Neisseria sicca was isolated from the oral cavity of all volunteers examined, either in
TSAV or Levine's media (Table 2). In contrast N. flavescens and N. subflava were
detected only by TSAV medium, however only the Leving’s medium detected the M. mu-
cosa which was fail by TSAY medium.

Discussion

Although several workers (2, 4, 7, 8, 9, 11, 12, 18) have studied the oral
microbiotic composition, they went as far as to characterize the genus Neisserig, without

* Tryptone Soy Agar — Code CM 131 — Oxoid Ltd; * * Eosin Methyiene Blue Agar {Levine) — Code CM 83 —
Qxgid L1d; Vancomyegin Code V 2002 — Sigma, Chemical Company.
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Tabla 1 — Averaga numbar of Neissaria genus colonies developed on TSAV and Levine media per ml of collected
material

Culturg medium Saliva Tongue
TSAV 1.8 x 105 4.2 « 108
Lavine 14 = 108 3.5 x 105

Table 2 — Species from Naisseria ganus developed on TSAV and Leving's media and isolated from materiai col-
lected from tongue and saliva

{salatad TSAV Levine
FICTOarganism saliva tongue saliva tongue
N. sicea 10/10* 110 10714 10/10
N, flavescens 1710 2110 — -
N. subflava 310 3/10 — -
N. mucosa - — 1110 -

* The denominator represents the number of individuals and numerator the number of earriers from the isolated
species.

any careful study of the species and the preferential localization of the rmicroorganisms.
The present results showed that neisseria is more prevalent in the oral cavity on the
tongue tham in the sativa, although Burnett & col. (4) did not find any preferential mouth
place for localization of neisseria. The prevalence of neisseria on the tongue was confirm-
ed in Levine and TSAV media, which is consistent with Almeida (1) data using TSAV
medium, although his collecting and dilution technigues were different. The present
results corroborate the data (4, 13, 14) that, among the neisseria, M. sicca is the prevalent
specie either in the saliva or in the tongue being better detected in TSAV than in the Levi-
ne's medium.

Figura 1 — Growing of species from Meisseria genus of TSAV and Levine’s media, isolated from samples procee-
ded trom saliva and tongue of 10 volunteers
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Although Almeida {1) detected the occcurrence of N. sicea and N. subflava in one
case among 10 volunteers, it is difficult to compare his data with the present paper,
because different collecting, quantification techniques, and also different culture media
were used. This study showed that TSAV medium bhas better resolution than Levine’s
medium for isolation and identification of neisseria. Also TSAV medium was selective for
N. flavescens and N. subflava. In contrast, Leving's medium was selective for M. murcosa,
Howsever with these two media it was possible to confirm that the preferential locus of
neisseria is the tongue, may be because the tongue mucosa due to strong adherence
allows a higher affinity for neisserias. This study alzo showed a quantitative relationship of
Neisseria genus in the microflora of the tongue and the saliva.
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Summary

Ninety five strains of Bacilus and 10 of Staphylococcus aureus wera tested for their
susceptibility to 14 nawly isolated phages of A. subtilis and 16 of 8 pumilus. All 5.
sureys strains and 65 of the Bacilus strains were resistant to attack by any of the
phages. Among the reference strains, only strains of B subliis and B, pumilus were
lysed by phages of either of both hosts. ldentification of the newly isolated phage
susceptible strains showed that all belonged to the species B. subtilis and &. pumilus.
All subtilis phages were species specific, howeaver most pumilus phages lysed straing
of both species, which confirms the taxonomic relatedness of these species.

Resumo

Espectro de es,becfﬁcidade de hospedeiros de dois grupos de fagos de Baciflus do salo

Foram testadas 95 estirpes de Baciius e 10 de Staphylococcus sureys guanto a sen-
sibilidade face a 14 fagos recém isolados de £ subtilis e 16 de 8, pumilus. Todas as
estirpes de S gureus e 65 de Bacilus maostraram-se resistentas A lise por quaisquer
dog fagos de Saedius. Entre as estirpes de referéncia, apenas aquelas de 8. subuilis e
de B. pumilus foram lisadas por fagos de ambos os hospedeiros, As estirpes sensiveis
recememente isoladas forasm tdentificadas como B subtifis ¢ B. pumilus, Todos o3
fagos de B, subtilis eram espécies especificos; no entanto, a maioria dos fagos de B.
pumilus lisava ambas as espécies. Tais dades confirmam a proximidade taxondmica
destas espécies.

Introduction

An important characteristic of any newly isolated phage is its host range, indicating
to what extent the phage may madiate gene transfer by transduction {17). As early as in
1926, d'Hérelle found that a wide diversity exists in host ranges: some phages lyse only &
single species in a given bacterial genus, while others attack several strains-distributed
among different species or even belonging to different genera (2). The latter was the case
for a phage capahble of lysing several Shigefla species, several £scherichia colf strains and
some strains of Salmonells paratyphi B (2). In addition, a Pasteurella pestis phage also ly-
sed, aside from its host strain, some Salmonelfa and Shigella species (12).

In the genus Baciflus, the picture has been different in that often more restricted host
ranges have been found. Of 244 Bacillus strains, anthracis phage W lysed only 2 strains of
B. cereus apart from the sensitive anthracis strains (14), and thermophitic phage TP-84 at-
tacked only 3 of 24 strains of B. stearothermophilus (21). Moreover, of 56 strains

Rev. Micrabiol,, 8o Paulo, 13(1):67-84, Jan./Mar. 1982
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representing 11 different Bacillus species, only B. polymyxa strains were lysed by each
one of 4 polymyxa phages (8). In contrast to this, 6 phages of the SP series lysed & out of
13 different Baciflus species (20). Also, extensive host ranges were recently reported for
several new pumilus phages {17). The most “'promiscuous’’ phage K, 5 lysed 14 out of 25
strains distributed among 6 species. In addition this phage attacked 16 of 20 unidentified
Bacillus straing randomly isolated from the same habitat. The hypothesis was thus raised,
that phages can play an important role in large scale gane transfer in the soil ecosystem
(17).

The purpose of our research has been to test this hypothesis by investigating the
host ranges of 30 newly isolated phages of B. subtilis and 8. pumilus. The initially obtained
data on the host ranges of these phages may have been unconclusive because a low
nurber of indicator strains was used. We thus extended our investigations to comprise 95
strains of 11 different Bacilfus species and 10 strains of Staphviococcus aureus. The
results presented here will be setin relation to data from identification tests of phage sen-
sitive strains to infer the extent of the genospecies in Bacillus determined by these phages.

Material and Methods

Medig — Tryptone-Yeast extract (TY): Difco tryptone, 10g; Difce yeast extract, 5g; NaCl,
10g; destilled water, 11 ; pH 7.2, For TY agar (TYA} 1.75% of Difco agar was added: For
soft TY agar 0.B75% of agar was added. To enhance phage adsorption the media were
supplemented with 2.5 x 10-3M CaCl, and 10"5M MnCl, (TYS}. Thiamin-Biotin agar
(TBA): as described earlier (13). This medium was used for the isolation of Bacillus
nitrogen fixers, and yielded the strains FP, Fog, S, and S,.

Bacrerial strains — The used reference stock strains and 17 own isolates that were
described earlier (7) are listed in Table 1. Qther Bacillus strains {Table 2} were isolated by
pasteurization from different habitats: 25 strains with prafix F were isolated from garden
soil collected at Fund3o island, Rio de Janeiro. The 2 strains coded S were obtained from
Seropédica soil, an agricultural soil in the State of Rio de Janeiro {15). The strain with
prefix Fo was isolated from Tijuca tropical rain forest, Rio de Janeiro. The 27 strains with
prefix SW were obtained from polluted estuarine water collected from Guanabara Bay, Rio
de Janeiro. Finally, the Stapfhiviococcus aureus strains were isolated from clinical sources
in Rio de Janeiro (Table 1),

Identification of new bacterial isofates - The strains were identified up to species level by
methods described earlier {11, 12).

Bacteriophages — The used phages and their grouping are listed in Tables 3 and 4. Phage
code names indicate the soil they were isolated from and their host (FS, is the first subtilis
phage isolated from Fundéo Soil). Twenty £ phages were obtained from Fund&o soil. Fur-
thermore, phage SP, was isolated from Seropédica, EP, from Ecologia, 1S, and IP, from
haguai, and G5, and GP, from Guandd soils. These agricultural solls are described
eisewhere {15). Finally, Fo3,, Fo§, and FoP, were obtained from Tijuca Forest and CS,
from Cerrado Seil. The properties and classification of the phages were described eariier
(&, *}.

Determination of phage susceptibility ~ The phages were tested against all available
bacteria by spot tests using serial 10-fold dilutions of crude phage suspensions. Droplets

* Blsas, 1.D. van & Penide, E.G.C. — |solation and charactetization of Bacillus pumiius phages from Brazilian soil.
Z. Bakt. Il Abt., 1981. (in presz).
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of each dilution were spotted on lawns of young bacterial ceils seeded on TYA plates. The
plates were incubated overnight at 37 or 28°C, after which they were scored. Dubious
cases weare controlled by comparing to a control of TY medium, or to a phage suspension
which had been heated at 100°C for Smin, ot by plating for individual plague formation ac-
cording to Adams’ double agar iayer method (2},

Preservation of phages — The phages wete stored by using methods described earlier (6).

Tahie 1 — Referance strains and old own isclates of Bacilus and Staphylococcus aureus used in host range
experiments

Species Strains

B. subtiliz LMD 47.15 (NRS 231)%; LMD 48. 28 (var. aterrimus); LMD 68,2 (W23 SmR);
LMP 69.3 (168 Wt); LMD 70.64 (Marburg); LP; 8-JAUR-18%: SR22 sp~; F ;i Fy
FB

8. pumilus LMD 48_24 (ATCC 7061); LMD 68.28 {G6); AN; Fg; Fqg

B. licheniformis LMD 50.16 (ATCC 14580); 2380

B. megaterium LMD 33.11; LMD 48,20 (ATCC 8248); LMD 80.17 (ATCC 10773); LMD 68.3
(KM=NCIB 8521); LMD 75.16 (ATCC 14581); OM B15519; L; Fy; F3; Fy: FBJ
2412

8. cereus Cip A-25; Fqz2

B. firmus Fa; Fg; Fyg

B brevis Fia

B. coagulans Fig

8. badius Fg

B. lentus Fia

B polymyxa LMD 24 16 (ATCC B42): L

5. aureus! M 1907 PeR (52/80, 1); 6219 PR (23, 1); 5845 (29, 1); 3A45 SmPch TeRCmA

(52/52 A/BO, 1); M1774 (3C/71, It); 5450 (3A/3C/55/71, lil; M 1881 RpR (42
E. lII); 196E (53/77/B3A/B4/85, II); 2285 {85; W), M 1988 (D4, -)

a. Tha LMD strains were obtainad from the collection of the Laboratory for Microbiology in Delft, Holland.

b. The L strains were kindly suppliad by Dr. MW, Loutit, University of Qtago, Dunedin, New Zealand.

c. Strains 9-1AUR-16, SR22 sp—, AN, 2390 and Cip A-25 were received from Dr. L. Rabinoviteh, Institute
Qswalde Cruz, Rie de Janeiro.

d. The F strains were own (Fundao) soil isplstes,

e. Strain QM B15571 was a gift from dr. J.C. Vary, University of filinois Medical Center, Chicago.

f. The 5. sureus strains come from climical sources in Rio de Janeire. Betwean brackets the phage type and the
phage group are shown,

Results

Isolation and identification of new strains — A total of 55 new strains were randomly pick-
ed from TYA or TBA plates prepared with pasteurized samples from the mentioned
habitats (see Material and Methods). The strains were purified by repeated single-colony
reisolations. After purification, 29 strains (both phage sensitive and resistent} were iden-
tified up to species level, while the remaining 26 phage resistent isolates were left uniden-
tified. The results (Table 2} show that 13 of the isolates were 8. subtilis, b were B, purmilus
and 9 were B. megaterium. |n addition, 1 strain was identified as B. firmus and 1 as B.
polymyxa. All subtilis strains were typical for the species, with elongated, predominantly
central spores, which did not distend the sporangium distinctly. Further, these produced
acid, but no gas from glucose and showed a positive Voges-Proskauer test; produced acid
fram arabinose, xylose and mannitol; grew in 7% NaCl, at pH 5.7 and in Sabouraud dex-
trose broth: formed alkali on citrate-salts agar; reduced nitrate to nitrite; hydrolysed
gelatin, casein and starch; did not grow anaerobically or at 65°C, and did not decompose
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Table 2 — New own Bacilius isolates

Spegieg Strains?

Bacillus subtilis FAg FERy FS; SWA; SWq: SWg: SWop SW 5 SW g BW, 0 SWyy,, SWog;
SWyy

B. purniius FER5: FBg; FCR4; FLRgy SWog

8. megaterium FER73: FLR; FTRa, SW,i SWg: SWy,: SWyg; 52 Sg

& firmus 5W,

B. polymyxa Fog

Unidentified Bacillus sp. FGE; FFL; FK; FL: FM; FNy; FNg; FERp; FARy: FS84; FP; FERyq; FKRyy: FSRy;

FLRy: SWa; SWg; SW; BWyi SWig SWy; SW,g SWog SWag; SWog SWog

a. See “'Bacterial strains'’ in Material and Methods for maaning of the symbols,

Table 3 — Susceptibility to phages of Bacillus subtilis Fg

Phage Group

Strain
FS-, F$2 F53 FSS FSE FSQ C$1 F54 FSS FS7 FQS1 FQSQ IS-I
t 1 1 ] 1 1 1 2 2 3 4 5 B

~ &

B. subtilis
Fe

FAg

Fs

SW.,
SWay
EWyy
SW,
SWaA

SW,

SWy

LMD €69.2
LMD 4715
9-1AUR-16 e
SR22 sp- - - _ _ -

. - - - - - - - -
Wy 0 - - - - - . - - -

I+ 4+ + + +
N R RS

L I S R S S A
L+ +++ -4+ ++
I+ 4+ +++++++
I+ %4+ ++ %4+ +
R I S S NI St
I+ 4+ ++ F++ 4%+ 4+
I+ ++++4 4+ + +
I+ +++++++ 4+ +

E]

I+ 4+ ++ + 4+ + +

I+ 4+ ++ %+ + +

|
|
|
|
|
I+ +++++++4+4+ ++

+ 1+ 44+ + 1 F k4 F o+
I+ + + + 1

P+ oE
I+ + s
1

1

Only sensitive strains are shown: +: plaque formation observed; —: no plague formation obsarved.

tyrosine. However, 4 straing differed from this description in that they did not form acid
from arabinose (SW,, and SW.,.) or xylose (FER; and SW,.}. All B. purnilus isolates were
genuine pumilus strains (9, 10). They were distinguished from B. subtifis by their negative ni-
trate reduction and starch hydrolysis tests. The B megaterium straing were distinguish-
ed from 8. subtilis and B. purnilus mainly by the typical colony morphology, the negative
Voges-Proskauer test and the inability to form acid from arabinose, xylose or mannitol.
Mowever, 2 strains (SW, and 3W,,) did not actively hydrolyse gelatin. Finally, the 8. fir-
mus and B. polymyxa isolates were typical representatives of these species, responding in
ali tests to standard descriptions (9, 10), When these new igolates were added to the
available Baciflus straing (23 reference strains and 17 own isolates), a set of 95 strains,
distributed among 11 species was obtained (Tables 1 and 2}, which is an appropriate -
amount of strains to determine the extent of the host range of the new Baciflus phages (1).
Further, 10 strains of another Gram-positive, Staphviococcus aureus were included.
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Phage susceptibility — Since the presence of PBSX-type killer particles in the lysates may
cause erroneous results in the used spot test, we used the dilution technique and only con-
sidered the results positive when single plaques were observed. To rigorously screen out
any remaining false positive results, in many cases we plated the phages directly by
Adams’ double agar layer method (2) against the strains to be tested. The results (Tables 3
and 4} revealed the following: The 10 strains of §. aureus were resistent to all phages, as
were 65 of the Baciflus strains distributed among 10 species. The remaining 30 phage sen-
sitive strains belonged without exception to the species 8. subtilis and B. pumilus {See:
Identification of strains), All 14 subtilis phages eharacteristically lysed strains of 8. subtilis
only, but most of the phages of B. purnilus attacked strains of both species. Subtilis phage
host Fy was resistent to attack by all pumilus phages, as was pumilus phage host LMD
48.24 to lysis by the subtilis phages, suggesting that the 2 phage classes are distinct.
All 10 available strains of B. purnilus were lysed by several different pumilus phages,
and the phages of group 1 lysed most or even all (FP,, IP,} of these strains. However, 8 of
the 24 available strains of 8. subtilis (LMD 48.24; LMD 69.3; LMD 70.64: FB; FER;
BW . SW,q L) were resistent to all subtilis phages. Of these, strains LMD 689.3, LMD
70.64, FB and L also escaped lysis by the pumilus phages. Six strains of 8. subtilis (LMD
47.15; LMD 69.2; 9-IAUR-18; F.; FS; SW, ;) were lysed by phages of both classes. Host
ranges of the individual phage groups were markedly different. Among the pumilus phages
the most restricted host ranges were observed for the phages FP, (3 of 34 pumilus and
subtilis strains lysed), FP,; and FP, (4/34} and FP, (4/34). Of the 16 phage isolates, only
FoP, was strictly specific for 8. purnilus strains. The pumilus phages of graup 1 had wide
host ranges; the most “'promiscuous’’ phage FP; lysed 10 out of 24 strains of 8. subtilis in
addition to the 10 pumilus strains lysed. The most restricted host range amang the subtilis

Tabla & — Susceptibility 10 phages of Sacilus pumilus LMD 48.24

Phage Group
Stramn

FPy FPy FPy FPy IP; SP, FP, PP, FPy FPy FP; FP,, GF, EP, FoP, FP,
11 1 1 1 1z 2 3 8 4 5 8§ 7 8 9

B. pumiluzs
LMD 48.24
F]G

FCR,

FER;
FLHBO
SWap

AN

Fa

Fig

LMD 68.28
E. subtiliz
LMD 69.2
LMD 47158

LMD 48,28
S-AUR-16
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e
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+
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I
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I
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Only gensitive strains shown: +: piague formation observed; —: no plague farmation observed
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phages was observed for phage FoS, (6 out of 24 strains of 8. subtilis lysed), while phage
IS, showed the most extensive host range (14 strains lysed).

Strains with equat phage sensitivity pattern {phage type} are taxonomically related
{2). A classification of strains according to this principle shows the following groups: 8.
subtifis strains Fg/FAL/SW,,: SW,,/SW. . LMD 47.15/LMD 69.2; FS/FER,, and 8. pumilus
strains LMD 48. 241’Fm and FLF{BGISWM All other strains had different phage sensitivity
patterns and wete not grouped. ‘ .

The hypothesis was raised that phages have more extensive host ranges among
strains isclated from the same ecological niche (17). A consideration of the sensgitivity 1o
some F phages among the 42 F strains {from the same collection site) and 27 SW strains
{(from a distinct habitat) results in the following observations: pumilug phage FP,, which
attacked 21% of all Bacillus strains (20 out of 85 straing), lysed 21% of the total F strains
(9 sensitives/42 strains) and 15% of the total SW strains (4/27}. When only pumilus and
subtilis strains are taken into account, 75% of the F strains (8/12), 36% of the SW strains
- (4/1 1) and 58% of the total strains (20/34) are phage sensitive. Subtilis phage FSg lysed

7.2% of the F strains (3/42}, 37% of the SW strains (10/27) and 12.5% of total strasns
(12/95). However, the subtilis SW strains form a significantly higher number of the total
SW strains (37%), as compared to the subtilis F strains (149% of total). Furthermore, none
of the other F phages prefer’entia!ly lysed F strains (Tables 3 and 4). These obhservations in-
dicate no obvious difference in phage susceptibility between sets of strains isolated from
different habitats.

Dizscussion

In many reports, the amount of straing used to determine phage killing patterns is
too limited (1, 17, 18). By using a targe number of strains in this study, we clearly showed
that the host ranges of our phages are restricted either to the host species (for the subtilis
phages} or to the host species plus the related species B, subtifis (for the pumilus phages).
Reszistance to these phages was especially significant in the species 8. megaterium, where
none of 20 strains was sensitive to any of them.

Megative results in other species were based on the investigation of a smaller
number of strains. The sensitive species B. subtffis and B. pumilus are taxonomically close-
ly related (9) and belong, together with B. licheniformis, to the B. subftifis group, which by
many criteria is 2 distinct taxenomic group in the genus Bacius (3, 9, 10, 24), Qur phages
didn’t lyse strains of B. ficheniformis, however only 2 strains of this species were
availabie,

Our results are in line with results obtained for other Bacillus phages (5, 8, 14, 18,
21) and are in striking contrast to the data of Romig & Brodetsky (20) and Reanney &
Teh {17}. in these cases, the reported extensive host ranges may conceivably have deri-
ved from interference by killer particles or inaccurate classification of strains at the species
level (8). In the latter report, 3 of the 6 strains, sensitive to pumilus phage K, 5. belonged to
the B subtilis group. In addition, the 16 out of 20 unidentified Bacilfus isolates that were
lysed by the same phage may also have been members of this group, and therefore the ex- -
tent of the host range may have been exaggerated.

At first sight it may appear surprising that no Baciflis species other than those of the
B. subtilis group were lysed, since the genus, defined by characters such as the rodlike
morphology, aerobic growth and sporogenicity, gives an impression of taxonomic com-
pactness. However, the genus is markedly heterogeneous when compared with for exam-
ple the enteric bacteria {involving several genera), where phages have shown extensive
host ranges (2, 12). For example, when DNA sequence homology ig considered, many
spacies of Bacillus show little or no genomic homology and even between strains of the
same species, sequence homology is sometimes lower than the 75% level (22), which
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was proposed as the defining criterion for species (23). In contrast, sequence homology
between strains of different genera of enteric bacteria sometimes even exceeds the 75%
value {4},

These considerations support a basic postulate of this paper: that the extent of
phage host ranges is generally proportional to the degree of taxonomic relatedness of the
- investigated strains. Jones & Sneath {11} defined a genospecies as a grouping of all
strains between which genetic interchange is possible. If only gene transfer by transduc-
tion is taken into account, our data suggest that at least 2 and possibly all 3 species of the
B. subtilis group form one genospecies. This observation is supported by evidence from
literature (3, 24).
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Summary

A survey for antibody 1o influenza B virus was done on serum samples from people of all
ages in Rio de faneiro, Two tests were employed; a standard haamagglutination-
imhibition and a more racently developed test, single-radial-hagmolysis. This latier was
found to be considerably more sensitive demonstrating that one fifth of children tested
had been infectad by the age of five and twao thirds by the age of ten. Most adults had
some antibody to influenza B.

Resumo

Hemdiise radial simples: teste sensitive pare detecgdo de anticorpe para virus Influen-
za B

Foi realizade um estudo sobre anticorpos para o virus influenza B, em soros de pessoas
residentes no Rie de Janeiro, abrangendo todas as faixas etérias. Empregou-se doiz
testas: inibicdo de hemaglutinagde, utilizada rotingirarmante na pesquisa de anticorpos
para virus influenza: & heméhise radial simples, uma reagdo mais recentemente desen-
volvida. Esta ultima mostrou-se consideravelmente mais sensivel, demonstrando que
um quinto das criancas testadas adquiriram a infecgio até cinco anos e dois tercos até
os dez anos de idade. A maioria dos adultos mastrou anticorpos para influenza B.

Introduction

The technique of single-radial-haemolysis {SRH) for measuring serum antibody to in-
fluenza viruses has several advantages over the standard techniques of
haemagglutination-inhibition {H1) in its simplicity and its freedom from the effects of non-
specific inhibitors of haemagglutinin. The results of Hi tests and SRH have been compared
and found to correlate closely, so the method has been applied successfully to sero-
epidemiological surveys of influenza A (3).

Influenza B antibody as reflected by haemagglutination-inhibition appears 10 be in-
frequent and of low titre which conflicts with the evidence that influenza B viruses are
widespread infecting predominantly in childhood; and apparently producing long lasting
immunity since adults are largely spared. Some preliminary evidence pointed to the SRH
test as a possibly more sensitive indicator of antibody to influenza B and this report
presents the result of an antibody survey comparing the two tests on serum sarnples col-
lected from people of all ages in Rio de Janeiro.

Rav. Microbiol., 580 Paule, 1341):65-62, Jan./Mar, 1882
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Material and Methods

Influenza viruses B/Lee/40, B/Hong Kong/8/73 and B/Hannover/78 and specific fer-
ret antisera to each were obtaingd from the WHO Collaborating Centre for Reference and
Research on Influenza, Virus Reference Laboratory, Cofindale, London.

Serum samples — Woere collected from people of all ages with or without respiratory infec-.
tions, from the Hospital dos Servidores do Estado, Santa Casa de Misericérdia and the
Hospital Geral de Bonsucesso all in Rio de Janeiro, during the vears from 1876 ta 1880.

Haemagglutination-inhibition tests — Sera were treated with receptor-destroying enzyme
provided by the WHO Collaborating Centre for Reference and Research on Influenza at
Centre for Disease Control, Atfanta. The method used was a standard micro-method using
0,025mt! volumes in microtiter plates (2).

Single-Radial-Haemolysis ~ The technique employed was as described by Schild & col.
(3} with a few modifications. A 10% (V/V) suspension of freshly washed chicken
erythrocytes was made in veronal buffer pH 7.0-7.2. An allantoic fluid infected with an in-
fluenza B virus was added to this suspension at a concentration of 500 haemagglutinating
units per Tmil. The mixture was held at 4°C for 10 minutes for the virus attach to the
erythrocytes and the unattached virus then removed by two cycles of sedimentation by
low-speed centrifugation. The erythrocytes were then re-suspended in fresh veronal buf-
fer to the original concentration. Immunoplates (Hyland Costa Mesa, CA. USA) were
prepared by incorporating 0.4ml of the virus-treated erythrocytes together with 0.1ml
complement (fresh guinea pig serum) in 2.5 ml volumes of melted 1% agaross in veronal
buffer (A-37 Indubiose L'Industrie Biologique Francaise) held at 43°C in a water-bath.
Control plates were prepared in the same way with erythrocytes treated with an un-
infected allantoic fluid. The gels were allowed to set for 30 minutes after which wells
2mm diameter were cut at appropriate distances, usually 14 to an immunopiate. Sera
waeare inactivated at 60°C for 20 minutes and then each serum was added in 5 pl volumes
to wells in a virus-treated and & control plate. A specific control ferret serum was placed in
oneg well in each test and control plate. The immunoplates were then incubated overnight at
37°C in a hurnidified box. The recognition and measurement of the zones of haemolysis
was found to be rmost easily achieved with the aid of an overhead projector.

Results

The results of Hi tests on human sera are shown in Figure 1. A tota!l of 226 sera were
examined from persons of all ages and although the proportion with demonstrable an-
tibody increased with age only a small proportion were positive even in the older group.

The results of 5RH are shown in Figure 2. A total of 1682 sera were tested. In the
youngest age group nearly 20% waere found to have antibody, this proportion increasing
sharply in the next 5 year age group to 65%. Only a small proportion of adult sera were
without antibody.

A comparision of the results of the two tests is shown in Table 1 where it can be
seen that a third of the sera tested were negative in bath tests and of the rest the majority
failed altogether to react in the HI test but produced zones of haemolysis by SRH. Figure 3
illustrates the lack of relationship between the Hi titres in a larger series of serum samples
which did react and the corresponding size of the zane of haemolysis in the SRH test. The
correlation coefficient was found to be only 0.13 which contrasts strikingly with the
straight line correlation found with influenza A {3).

The three strains of influenza B selected for comparison were B/Lee/40, the first
isplate, B/Hong Kong/8/73 and a recent isolate B/Hannover/78. Each was incorporated in



67

Figure 1 — Age distribution of Hi antibody to influenza B virus

HI TITRE
100 | <10

W (7774 10 - 20

= 80 -0

5

& 604

ul

'_

iy

e 40 =

=

r

=

w204

[+ 9

— % — A [

Age lysars) 1-8 6-10 11 =320 21 -39 ‘
Nf of zera Ap 35 a3 62 TOTAL 226

Figure 2 — Age distribution of SRH anﬁbody to influenza B virus
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Table 1 — Comparizsor of Hl titres and SRH zone diameters

SRHY e =10 10-20 =40 Total
NIL 55 o 0 88
-5 23 4 0 27
6-10 64 11 1 76
=10 1 1 o -2
Totat 143 16 1 160

& Haemagglutination-inhibition titre; b. single-radial-haemolysis zone diameter {mm).

Table 2 — Cross reactivity of different influenza B strains by SRH

Virus Antiserum

B/Lee/d0 Bitong Korg/73 Bfrtanmover/738
B/Lae/40 14* MIL NIiL
B/Hang Kong/73 7 12 12
B/Rannover/78 14 4 14

* The numbers denote the diameters of the zones of haemolysis in mm,

a gel and its specific artiserum added to a well in each immunoplate. The results are
shown in Table 2. Antiserum to B/Lee/40 producad a zone of haemolysis with each of the
viruses, whereas antisera to the two later strains gave zones of haemolysis with each
other but not at all with the B/Lee/40 virus.

Discussion

The i test is a well-tried and traditional test for antibody to Influenza viruses. Alter-
native tests have however been sougit to overcome the problem of non-specific inhibitors
and other factors such as the variation in fow] cells which make haemaglutination inhibi-
tion produce sometimes irregular results. One such test, single radial haemolysis has been
found to have these advantages with infiuenza A giving no cross-reactivity between sub-
types and being highly cotrelated with results of Ht tests (3), This has made it a useful
method for sero-epidemiological studies.

The HI test for influenza B virus however appears to be a poor method for
demonstrating antibody with many sera negative or with only low titres among the age
groups where influenza B circulates maost freely. Adults, who are on the whole spared in
outbreaks, appear to have little antibody which might explain this protection.

The observation that SRH reveals antibody not shown by HI has offered 2 means to
correct this situation and the results of this study suggest that antibody to influenza B is
widespread, being acquired throughout childhood particularly after children begin to at-
tend schoot and probably maintained throughout aduit life. Sirmilar results to ours have
been obtained in the U.K, (personal communication, Chakraverty). )

Unlike influenza A viruses which as mentioned can be separated into sharply defined
sub-types which do not cross-react, influenza B viruses, although showing considerable
antigenic divergence between the earliast B/Lee/40 and more recent strains such as
B/Hong Kong/73 all share common antigens (1). From the experiments with ferret antisera
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it seems that B/Lee/40 produces a wide spectrum of antibody which reacts with later ap-
pearing strains. More recent strains however appear to lack some antigens present in
B/lLee and their antibody does not react with the earier virus.

Influenza B has rarely been isolated in Rio de Janeiro and with the standard Hi results
it has_been impossible to say whether this virus had circulated to any extent or not. it
seems that in fact the pattern in this tropical country is similar to that found in temperate
lands with the main experience In later childhood. Althought this virus is generally con-
sidered to provoke only mild respiratory illness there is considerable evidence that it may
cause more severe disease at the extremes of life. Whether this holds true in a tropical
climate remains to be ascertained. In all events the World Health Organization recom-
mends the inclusion of influenza B in the formula for current influenza vaccines which are
intended for those particularly at rigsk of zevere illness should they become infected.

In any future study of antibody to influenza B either az a popuiation survey or for
vaceine evaluation it is clear that single radial haemolysis is the method of choice.
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Summary

Concentration, partial purification and fragtionation of the Western Equine
Encephalitis (WEE) virus were carried out by ammaonium sulfate precipitation and high
spoed cantrifugation methods, Hemmaggiutining were found in the soaluble artigen
fractions precipitated by 30, 40 and 50 per cent solutions of the sstured armmonium
sulfate solution. Complarnent-fixing antigens, however were found in both the sotuble
antigens ard the virys pellet preparations, At least two soluble precipitinogens were
present in each of the fractions precipitated by 40 and 50 per cent amrmonium sulfste
solutions and only ane in each of the fractions separated by 70 and 80 per cent solu-
tions. The 40 and 50 per cent fractions possessed the highest reactivity in CF, HA and
1D tastg,

Resumo

Furificacdo parcial do virus da Encefalite Egdina do Qeste (WEE) utifizando o procedi-
mento de fracionamento

Concentracdo, purificacdio parcial e fragiopnamento do virus da encefalite agilina do
aeste {(WEE} foram reglizedos pelos processos de pracipitacio com sulfato de amdnia
a centrifugagic a alta velocidade. As hamaglutinings forsm achadas nas fractes da
antigenos solldveis ebtidos, pela precipitagdo com solucdes da sulfato de amdnio, nas
concentracbes de 34, 40 e 50 porcenta. Os antigenes do tipo de fixacio de com-
piemento foram achados, tanto has fracBes de antiganos soliveis, como nas
preparaghes contendo os antigenos precipitedos. Pelo menos dois antigenos do tipo
precipitinas foram determinadoes nas fragdes precipitadas pelas soluches de sulfato de
aménia, nag concentragbes de 40 e 80 porcento respectivamente, Um antigeno tipe
precipiting foi encontrado nas fragles separadas pelas solucBes de sulfate de aménia,
nas concentragtes da 70 e 80%. As fragBes correspondentes & concentracio de
sulfata da amdniz nos valores 40 e 50 porcento apresentaram a maior reatividade nas
reagoes de fixacdo do complemento (FC} hemaglutinagdo (HA) e imunoadifusio (D).

Introduction

The Western Equine Encephalitis (WEE) virus, a member of group A arboviruses it
most prevalent in the Western United States and Mexico.

* Pare ds tese de mestrado, rezlizada na Georgia State University,

Rev, Microbiol., Séo Paulo, T3(1):70-76, Jan./Mar. 1982



Al

The infection cycle has been investigated by Hammon & Reeves (4). The main cycle is
mosquito-bird-mosquito where birds acquire adequate viremia even though they are inap-
parently infected, Horses and man are accidental hosts. ,

During the last few vears numerous attempts have been made to purify, fractionate
and characterize group A arhbovirus antigens, In 1261, Smith & Holt (8) demonstrated that
this group of viruses possesses two hemagglutinins associated with the virus particle.

In 1968, Sreevalsan & Allen (9) reported two structural proteins in WEE, Igarashi
& col. (6) working with the Chikungunva virus, found two components, one associated
with the membrane and responsible for hemmagglutination activity and the other
associated with the virus core. The latter authors proposed a model that interpreted their
results as well as the results of other works in group A arboviruses. Aalestad, Hoffman &
Brown {1) reported three different buoyant density hemagglutining in cesium chloride from
Sindbis virus and from Eastern Equine Encephalitis {(EEE) virus. The authors observed a
certain degree of interconversion among these particles. This finding can explain the dif-
ferences among the number of subviral particles reported in the literature.

Separation of heteragenens components of viral particles and determination of their
biological, physical and chemical properties are useful not only to establish the
characteristics of the virus but also 1o aid in identification or classification.

The purpose of the present investigation is to purify partially WEE virus through frac-
tionation procedures and to determine the serological activity of each fraction.

Material and Methods

Virus seed and propagation — Western Equine Encephalitis virus was obtained from the
Center of Disease Control (CDC), Atlanta, Georgia, USA, as infected suckling mouse brain
suspension (3MB)}. In the laboratory the virus was passed five times intracerebrally into
suckling mice. Ten and twenty per cent ISMB suspensions were prepared by
homogeneization of brains in phosphate buffered saline (PBS) at pH 7.8 with one per cent
bovine albumen and stored at — 70°C,

Five to six suckling mice litters, about forty animals, two to three days old, were ing-
culated intracerebrally using 0.01-0.02rmil of 10-7 ISMB suspension in phosphate buf-
fered saline, .0.02 M, pH 7.8, containing 1% of bovine albumen. At the onset of
encephalitic signs in the majority of inoculated animals, approximately 24 hours after in-
jection, they were sacrificed, their brains being harvested under strict aseptic conditions
and stored at —70°C.

Cell culture — The virus used for purification was propagated in Hela cell line, passage
307, obtained from Dr. Gary Haller, Ga. State University, Atlanta, USA. Cell monolayers
were dispersed using 0.25% trypsin solution and subcultured in 32 oz. prescription bot-
tles. For cell growth it was used dessicated minimal essential medium with glutamine
{Grand Island Biclogical Company). The medium was reconstituted with 100m| of deioniz-
ed distilled water and sterilized by filtration. On the basic medium were added: a) 10ml of
antibiotic rmixture of penicillin 1,000.000 units and streptomyein 1.0g diluted in 100ml of
water and sterilized by filtration; b} 12.5mi of sadium bicarbonate 8.8% sterile aquous
solution; ¢} inactivated calf serum to give a final concentration of 10%: d) sterile water to
complete one liter, to bring the minimal essential medium to working values according to
the especifications of the manufactures. The medium was subjected to sterility tests using
blood agar thioglycollate broth and Saboraud media.
After the Hela cells monolayer was developed, the growth medium was

substituted by the maintenance medium, identical in composition to the growth medium
except for the calf serum final concentration of 2% instead of 10%.
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Partial purification of the virus — Tables 1 and 2 sumrnarize the procedure followed for
partial purification and Fractionation of the virus. Table 2 details also the antigenic frac-
tions obtained.

Antisera preparation — Two antigenic fractions were used as immunogens for the
preparation of antisera: infectad tissure culture {ITC) and high speed clarified pellets
{(HSP),

To obtain the mouse immune ascitic fluid (IAF) infected tissue culture was used as
the immunogen. Four rmice were inoculated on days 0, 5, 21 and 22 with the ITC antigen
using intraperitoneal injections of 0.5m! of ITC mixed and emulsified with complete
Freund’s adjuvant. On the twenty-first day 0.2ml of sarcoma cells were intraperitoneally
{IP) injected. The ascitic fluid was removed by paracentesis after abdomen distengion in
the mice.

To obtain the rabbit antisera, albino rabbits weighing from four to six pounds were
ingcuiated intramuscularly with 4.0ml of an emuisified mixture of equal parts of antigen
and complete Freund’s adjuvant. The injections were repeated three or four times at
seven-day intervals. One week after the lagt injection blood samples were collected by
cardiac puncture.

Datermination of virug infectivity — Two antigenic preparations were assaved for infec-
tivity: infective tissue culture and sucrose cushion pellet. Each preparation was serially
diluted ten-fold, from 10-3 to 10-8, Cytopathogenic effect in the cells was observed and
recorded twice daily for three to four days. .
Serological technigues — Immunodifusion - KW was used the micromodification of
Quchterlony double-diffusion in two dimensions. Two controls were used: normal mouse
brain and normal tissue culture. To eliminate the host tissue precipitin reaction, it was
followed the adsorption-in-gel method described by Ibrahim {5},

Complement-Fixation — The Laboratory Branch Complement Fixation (LBCF) method
adapted to microtest by Casey (2) was used,

Hemagglutination — It was used a modification of the method described by Clarke &
Casals (3).

Red blood cells obtained from an adult domestic goose were washed three times in
PBS at pH 7.2, suspended in the buffer in a proportion of four volumes of buffer for each
volume of cells and stored at 4°C. Before the test, a 2.5% suspension of goose red blood
cells was prepared.

Restilts

The infectivity titers from infected Hela cells were TCID,, 10-7-%/0.1ml for the
clarified supernate and 10-%5/0.1ml for the partially purified sucrose cushion pellet.

Immunodifusiornn — The two antisera, |AF and rabbit antisera, antivirus pellet, prepared in
this investigation yielded precipitin lines with the following test antigens: concentrated
supernate (€S, that cotresponds to the antigenic fraction 2, in Table 2) and each of the
five fractions obtained after the precipitation with the various concentrations of am-
monium suifate (antigenic fractions 3, 4, 5, 6 and 7, in Table 2). Some precipitin fines also
appeared with the norrmal tissue culture used as a control. It was necessary, therefore, to
adsorb both test antisera with normal tissue culture, The |AF to be adsorbed was used un-
dituted and with dilutions, 1:2, 1:3 and 1:4. No precipitin lines appeared with the adsorbed



Table 1 — Centrifugation procedure for preparation of virus pellets and soluble antigens
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Infected Tissue Culture

Clarified by Centrifugation at 10,000rpm for 20min

Supernate

Recentrifuged at 35,000¢pm for 90min

Fractionatad by
precipitation with

iNcreasing concentrations

Supernate Pallet
Concentrated Resuspended in 1/40th of the
by dialysis original volume and ctarified at

aof ammonium suifate

solutiong

against PVP2

3,000rpm

Supernate

Recentrifuged in 30% sucrose cushion at 35,000rpm

{high speed supernate: HSS)

Pellat resuspended in 1/2 of the original volume,

homogenized, and clarified at 3,000rpm

a. Pelyvinylpyrsoli

done.

Table 2 — Antigenic fractions obtained after centrifugation and fractionation

?:;2%3:: Designation Method and Preparation

1 Infected tissue Supernate obtained after 10,0007pm centrifugation of
culture ITC and concentrated ten times
{ITC)

2 Concentrated Supernate obtained after centrifugation at 35,000rpm

Su?érﬁr';ate tor 90 minutes and concentrated twenty times

3 30% Ammonium
sulfate Reconstituted precipitate obtained after the treatrmant
{30%) with 30% ammeonium sulfate solution

4 40% Ammanium
sulfate Reconstituted precipitate obtained after the treatment
{40%) with 40% ammonium sulfate solution

5 50Q% Ammonium
sulfate Reconstituted precipitate abtained after the treatment
(50%:) with B0% ammonium sulfate solution

G 70% Armumonium
sulfate Reconstitutad precipitate obtained after the treatment
{70%) with 70% ammaonium suifate soiution

7 80% Ammonium
sulfate Reconstituted precipitate obtained after the treatment
(80%:} with 80% ammanium sulfate solution

1+ High speed pellet Pellet obtained after centrifugation at 35,000rpm angd
(HPS) resuspendad in 1/40 th of its original volurme

a 30% Sucrose cushion High speed peltet centrifuged through 30% sucrose,
pellet Cushion pellet resuspended in 1/2 of its ariginat
(8CHA volume

10 Normal tissue culture Supernate obtained after centrifugation at 10,000rpm

(NTC)

of NTC and cencentrated ten times with PVPa

a. Polyvinylpyrrol

idone .
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1:2 diluted IAF, indicating adequate adsorption. Two lines appeared with the concentrated
supernatant fluid indicating that the soluble antigen preparation contains at least two an-
tigens. The 40% and 50% ammonium sulfate precipitated fractions gave reactions iden-
tical to those of the concentrated supernate. With the fraction precipitated with 30% of
the salt saturation, no reaction appeared; whereas the 70% fraction showed only one of
the aforementioned lings. A different line appeared with the 80% precipitated fraction.
Figure 1 shows schematic representation of the precipitin pattern with the above mentio-
ned antigens and antisera. Identical resutts were obtained with the adsorbed rabbit an-
ti-'partially purified pellet’’.

Complement-fixation test — Complement-fixation was performed on all antigen fractions
obtained during the purification procedure using the rabbit serurmn prepared against the
high speed pellet (HSP). Normal tissue culture antigen was used as a control. The resuits
are surmmarized in Table 4, The control showed a titer of less than 4. Anti-complementary
activity was not more than 1:16 for all the fractions except the ones precipitated by 40%
and 50% ammonium sulfate which had values of 1:128 and 1 184, respectively. The
highest values in CF activity were present in the last two aforementioned fractions as well
as in the sucrose cushion pellet, infected tissue culture, and concentrated supernate. The
value obtained for alt these fractions was 1:256. Values of 1:64 were present in fractions
precipitated by 30% and 70% ammonium sulfate. Lower values, inthe range < 1:4 1o 1:8,

Figure 1 — Schematic representation of immunadiffusion pattern betwean mouse snti-WEE virus ascitic fiuid and
homalogous antigen fractions

’ 1. Fraction precipitated by 40% ammonium sulfatae
solution
@ @ . Concentrated supernate (CS)
- Fraction precipitated by 50% ammoanium suffste

soiution
- Fraction precipitated by 70% ammanicm sulfate

b solution
i. Fraction pracipitated by 30% ammenium sulfate
¢ solution

B. Fraction precipitated by B0% amrmonium sulfate
gsolution

7. Anti-WEE virys ascitic fluid. Precipitin lines are de-
@ @ signated a, b, and ¢

Table 3 -- Complement-fixation titers of different WEE virug antigen preparations

[ N |

L]

Antigen CF titer
preparations?
Ag ACE
CFU4/0,025mls CFU/0.025m|

ITC =256 B
Cs = 256 18
30% 64 i6
40% = 288 128
50% = 256 G4
70% B4 8
80% 4 =4
HSP ] 4
SCP = 256 <4
NTC =4 =a

a. Thase antigens are described in Table 2 b, Anti-complementary activity: ¢. Reciprocal complement fixation ti
ter and d. CFU = complement fixation unit.
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Table 4 — Reciprocal hemagglutination titers of various WEE virus antigenic praparations at different pH values

Antigenic pH

praparations? 8.2 &.4 5.6 7.0 7.2
ITC 140 16 32 32 32
cs 32 32 32 32 32
30% B 16 186 32 32
40% 16 16 16 64 64
50% 4 £4 54 B4 64
70% =4 =4 =4 =4 =4
80% %4 =4 =4 %4 %4
HSP £ 4 <4 =4 =4 =4
SCP o4 £ 4 <4 %4 =4

a. These amigens are described in Table 2, b. All of these are reciprocal hemagglutinstion titers.

were obtained with the fraction precipitated by the 80% ammonium sulfate solution and
with HMSP.

Harmagglutination test — Following the tests at pH 6.2, 6.4 and 6.6 performed at 37°C
and at room temperature, the optimal condition for the reaction was determined to be pH
6.6 at room temperature. Table 4 shows the results of these tests. The fractions, infected
tissue culture, and concentrated supernate presanted the titer 1:32, the highest obtained
in this experiment. Fractions precipitated by 30% and 40% ammonium sulfate presented
the intermediate values 1:16. Fractions precipitated by 50%, 70% and 80% ammonium
sulfate, as well as fractions designated and sucrose cushion pellet, showed no hemag-
glutinating activity. The experiment was repeated.using higher pH values of 7.0 and 7.2,
The plates were incubated at room temperature. Table 4 summarizes these results. There
was ah increase in hemagglutinating activity for antigens designated as 30%, 40% and
50% arnmonium sulfate. All other antigen preparations showed results identical with
those previously obtained with lower pM values. It is noted that some antigens such as in-
fected tissue culture and concentrated supernate have a broad range of pH values for op-
timum reactivity, but others, as fractions precipitated by 30% and 40% ammeonium
sulfate solutions, showed a narrow range for optimum reactivity. Fifty per cent ammonium
sulfate solution did not demonstrate any reactivity at pH 6.8, However the 30%, 40% and
50% fractions gave a titer of 1:64 when the test was carried out at pH 7.0 and 7.2.

Discussion

The resuits of the present studies on the soluble antigens of WEE virus were rewar-
ding, however, those on the virus pellet or virions are difficult to interpret.

The immunodiffusion studies, Figure 1, have clearly shown that the number of solu-
ble antigens are at least three which may be, for convenience, designated as a, b and ¢ an-
tigens. The intensity of a and b precipitin lines suggests that these are the major antigens
whereas ¢ 18 3 minor one, The two major components were precipitated by 40% and 50%
solutions of saturated ammonium sulfate. This is clearly shown by the patterns of identity
with the a and b lines of the unfractionated soluble antigen obtained after high speed cen-
trifugation. The b component apparently was precipitated by 70% salt saturation. The line
which appeared with this [atter fraction was very faint which indicates that the content of
the b antigen was much lower than in the other two fractions. A third precipitin line was
observed with the fraction precipitated by 80% salt saturation. This latter line appeared
closer to the antiserum well and was designated as the ¢ component. One may argue,
however, that no reaction corresponding to the ¢ line appeared with the unfractionated
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soluble antigens. This may be due do the concentration of these antigen preparations. The
soluble antigen preparations before fractionation were concentrated 20 times whereas the
fractions obtained after fracionation were concentrated 50 times. The fraction
precipitated by 30% armmonium sulfate did not show any precipitin lines, indicating sither
that it did not contain any precipitinogen or the concentration of the antigenic component
was not enough to produce a reaction. This latter fraction produced some CF reactivity,
which supports this explanation or the CF antigen may be different from the
precipitinogen. These results correlate to some degree with those of Russell & col. {7) on
the dengue subgreup of arboviruses. They showed that the soluble antigen of these
viruges was precipitated by a final concentration of 80% ammonium sulfate.

The results obtained from the CF studies indicate that the maximum content of CF
antigen(s) is present in 40 and 50% and to a lesser degree 30 and 70% ammonium
sulfate fractions. However, the anti-complementary activity of some of these fractions
may throw doubt on such results. The hemagglutining were found to reside in fractions
precipitated by 30%, 40% and 50% saturation with maximum reactivity in the latter 2
fractions. The optimum pH of the reaction was found to be pH 7.0. Complementfixing an-
tigens were also found in the sucrose cushion virus peliet. No hemagglutination was
shown with the virus pellets.

The mouse anti-infected cell cultures ascitic fluid and rabbit anti-virus pellet gave
identical precipitin reactions in immunodiffusion. To interpret such results, one may
speculate that the pellet was contaminated by the soluble antigen(s). These soluble an-
tigens may be highly potent immuraaens as compared with those of the pellet. Another
speculation may be that the pellet contained the same antigens as those of the supernate
obtained after high speed centrifugation.

These studies seem to show that it may be necessary to concentrate the soluble an-
tigen{s) of WEE virus to obtain a precipitin-in-gel reaction.

The guestion of whether the CF antigen or antigens of the soluble components are
the same or different ones from those of the pellet remains to be answered. It was chser-
ved that infectivity of the infected celt culture was unexpectediy higher than that of the
sucrose cushion pellet. The only plausible explanation is that the several manipulations
during the purification procedure resulted in loss or inactivation or both of some virus
particles.
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Sumrmaty

The action of nystatin was studied on Saccharornyces cerevisfae containing
predominantty ergosterol or cholesterol in the cell membrane. Cells grown in serobiosis
and anaerobiosis were tested in the [pgarithmic and stationary phases of growth. The
action of nystatin was tested by determining the ceall deathk and the rate of liberation of
50% of potassium ions, Cells of 5, cerevisize grown in aerobic conditions were more
susceptible to the tetal action of nystatin than those which weare previously cultured
anaerobically. Cells in the stationary phase of growth released more potassiuvm ions,
The two events, cell death and release of potassium, although resulting from the ac-
tion of nystatin, do not seem 10 be directly refated.

Rasumo

Acdao da nistating sobre Saccharomyces cerevisiag am diferentes estados fisioligicas

Variando 8 composigio dos esterdis na membrana citoplasmatica de Saccharomyces
cerevisige, comparamos células contende predominanteémente ergosterol ou co-
lestarel, submetidas a aclo da nistating, Uma vez que o estade fisialdgico & outro fator
importante na susceptibilidade aos agentes quimicos e guimioterdpicps, as células
foram testadas em fases fogaritmica e estacignaria da crascimento, bem como em
células previamante cultivadas em aerobiose e anaerobiose, Qs parametros avaliados
foratn a velocidade da liberagdo de 50% dos fons potassio @ a morte celular. 5
carevisize cultivado em aerobiose é mais sensivel 3 agdo letal da nistatina do que guan-
do &3 células sdo provenientes da cultura em anaerobiose. Células em fase estas
cionaria liberam mais potassio, Os doig eventos, mortg celular e saida de potéssio, em-
bora resuitantes da atividade da nistating, ndo astdo diretamente interligados.

Introduction

77

The interaction of polyenes with steroids leads to alterations in the perméability of
the citoplasmic membrane {16, 18, 20, 21). By using different models consisting of ar-
tificial membranes, the formation of ion-selective aqueous pores has been suggested (8,
9, 10). Apparently, the hydrophilic region of the polyene is directed towards the inner side
of the pore, whereas the hydrophobic patt interact externally with the sterol (10} One of
the immediate consequences of such arrangemaent is the release of intracellutar ions. The
objective of the present investigation was to study the outflow of intracelluiar K ions and
to determine how this correlates with cell death in nystatin-treated Saccharomyces
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cerevisige. This yeast, depending on growth conditions, contains ergosteral or cholesterol
in its membranes. In the absence of oxygen this microorganism is auxotrophic for  sterol
{2} and for an unsaturated fatty acid (3). When added to the culture medium, both the ur-
saturated fatty acid (1) and the sterol {13) are incorporated into the cell membrane. The
chemical composition of the membrane with respect to the sterol and fatty acid contents
can thus be modulated by specific supplementation of the growth medium. In the present
work we investigated the possible correlation between the variation in the chemical com-
position of yeasts and their sensitivity to nystatin.

Material and Methods

1. Microorganism — Saccharomyces cerevisiae, NCYC 366 maintained on malt agar arnd
transferred monthly, was used.

2. Antibiotic — Nystatin was kindly provided by Squibb Indtstrias Quimicas S.A., Séo
Paulo, Brazil. On the day of the experiment, a solution was prepared by dissolving 10mg of
nystatin in 0.5mi dimethylsulfoxide (DMSO) and the volume made up to 10m! with sterile
distilled water. Appropriate dilutions were prepared from this solution.

3. Experimental cultures — Aerebiosis — An inoculum corresponding to 1 x g celis {dry
weight) from a 24-hour culture was added to g 2.liter Erlenmeyer flask containing 500ml
of the following culture medium: glucose {20.0g), (NH4),30, (3.0g), KH.PQ, (3.0g),
yeast extract {2.0g), MgS0,.7H,0 (25.0mg), CaCl,.2H,0 (25.0mg) and distilled water to
1000mt (Medium A)}. The culture was incubated in a New Brunswick rotatory shaker at
200r.p.m., at 30°C. Anaerobiosis — An inoculum corresponding to 2 pg cells (dry weight)
from a 24-hour unshaken culture in a New Brunswick Microfermenter at 30°C was used.
One liter of Medium A modified to contain 10% glucose, bmg ergosterol or chalesterol
{2.5ml of an alcoholic solution containing 2.0mg/mi) and 30mg wleic acid (1ml of alcoholic
solution containing 30.0mg/ml} was distributed in a 2 liter fermentor jar previously wash-
ed with chloroform. The fermentor jar was then sterilized in an autoclave and nitragen was
immediately bubbled through the medium before it cooled. To eliminate traces of oxygen,
the nitrogen was previously washed through a mixture of zinc arnalgam and chromae il
chioride (22). The culture was kept at 30°C and shaken at 300r.p.m..

A control flask was prepared containing medium without the sterol or the un-
saturated fatty acid which was also bubbled with nitrogen. Under these conditions, no
growth occurred. If it did the culture was discarded. Aerobic or anserobic growth was
monitored by reading the absorbance at 550nm. A mixture of chloramphenicol and
eycloheximide at a final concentration of 100 g g/ml each was added to the culture at the
logaritmic phase (absorbance = 0.5) or at the beginning of the stationary phase (ahsor-
bance = 1.0}, to avoid synthesis of new aerobicaliy-induced anzymes. After antibiotic ad-
dition, the cultures were kept in aerobiosis or anaerobiosis for 15 minutes, cells being then
centrifuged at 3,015g for 15 minutes at 4°C. The pellet was washed three times with ice-
cold twice-distilied sterile water and resuspended in twice-distilled water at 3mg cells (dry
weight)/ml. Suspensions of cells from anaerobic cultures were distributed among 20ml
tubes which, after 3min bubbling with nitrogen, were sealed and stored at 0°C until re-
quired. All solutions and wasghes contained 100 gg/ml each of chloramphenicol and
cyclioheximide.

4. Viability — Viability was determined simultaneously with the measurement of K ion
release from calls. Aliquots of 0.1ml from the suspension were appropriately diluted and
plated on YPD (0.8% peptone, 2.0% glucose, 0.6% vyeast extract, and 1.5% agar). The
number of colony-forming units was counted after the plates had been incubated for 48
hours at 30°C,
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5. Potassium ion release — Quantitative measurements of ¥ ions were made with an
Orion K*-selective liquid membrane electrode, Model 93-19. K+ concentration was
measured within the limits of the electrode sensitivity, i.e. 1072 to 10-4 M. The celt
suspension {20mi) was stirred with a magnetic bar in a 25mi becker at 2B°C. Two ml of
ion-strength adjuster (6M NaCl solution) was used for 100m! suspensions.

The mv readings were made with a digital Orion lonanalyzer Model 601. The initial
ion concentration was stabilized at —177mv by using & 0.1M KC! solution. Nystatin
(0.2ml} was added 3 minutes after the electrode had been in contact with the cells and K+
concentration was recorded at 30 second intervals. Two controls without antibiotic were
carried out for each experiment, one with DM30.

6. Determination of cell dry weight — Cell dry weight was measured in triplicate from
&mi samples on previously weighed aluminum foil cuvettes. After 24 hours at 1 10°C, the
cuvettes were cooled, placed in a vacuum desiccater and weighed.

Results

1. Effect of nystatin on S. cerevisiae viability — The proportion (%) of colony forming
units (CFU) after 30 minutes with nystatin (5 ug/ml) to that at the beginning of the incuba-
tion is shown in Table 1. In control experiments in the absence of nystatin and in the
presence of DMSO no apparent cell death was detected in 30min incubation.

5. cerevisiae from logarithmic growth phase previously cultured in aerobiosis, ex-
hibited a significantly® greater death percentage than cells from anaercbic cultures.

Cells from logarithmic phase, cultured in anaerobic conditions, no matter what sterpl
was incorporated, showed no significant* difference in sensitivity to the drug.

All stationary growth phase cells did not present any difference in sensitivity.

2. Release of K* from nystatin — treated cells — To express the sensitivity to nystatin of
the differently cultured celis we determined the speed with which K* was released in
terms of the time needed for the scape of 50% of the total amount of K™ eventually
fiberated {T.,). The curve formed by plotting log Tcoly) against nystatin doses is assymp-
totic. To determine the value of the assymptote which may be interpreted as reprasenting
the maximurm possible state of cell disorganization, we used the general formula: log y =
log K + {log a).b* which was originally described by Gompertz {7). Since the objective is
exclusively to determine the value of the assymptote, the values of doses are irrelevant.
Therefore, in an adaptation of Gompert’s curve the first dose becomes x = 0, the 20, x =
1, the 39, x = 2 and so on. Therefore x varies from O to 15 and the curve becomes
assumptotic when x = infinite.

In the equation, K = values of the assymptote; a = difference between the value of
the assymptote and the value of y when x = 0, b = variation in the decrease of Tg,.

Discussion

By analyzing the sensitivity of S. cerevisiae from different cultures on the basis of
viahility and K+ release, the existence of a possible relationship between these two ap-
parently interrelated phenomena couid be investigated.

Since a variation in the chemical composition of the membrane of differently
cultured cells exists (aerobiosis and anaerobivsis, containing different sterols (1, 13, 14),

* Variange Analtysis — 0.1% level.
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itis logical to assume that differences exist with respect to their internal K+ content and to
the concentration of free K+.

The release of K ions can be monitored by use of ion selective electrodes (4, 11, 12)
and atoimic absorption spectrophotometry (18).

The method rmost often utilized to measure intraceilular K+ is to submit the suspen-
sions to boiling and then measure the K+ released in to the medium (5, 8, 15). It should be
kept in mind that the membranes of a cell suspension submitted to boiting will not
necessarily be so disorganized as to release all of the intraceliular K+: moreover the
temperature may or may not alter the concentration of free ions. When we compare it to
the K* released by the action of nystatin, we cannot state for sure that the content of K
orrs eliminated represents the total content of K ions ""potentially’” able to be liberated
by the action of the polyene. Another method used is to submit g spheroplast sugpension
to lysis, followed by measurement of the total K+ released in the medium. Even though it
eliminated the temperature factor, this type of procedure leaves doubts as to the in-
terference of ather simultanecusly released ions with electrode selectivity. For this reason
we decided to measure the escape velocity of intracelular K+ ions {Tgo) in terms of the
time needed for the release of 50% of the total amount of liberated K* ions. This
parameter provides a sensitivity measurement, since in the presence of the same nystatin
concentration, the celt for which Ty, is lowest is that displaying higher sensitivity to the
drug. However, the reduction in T, as a function of drug concentration is not constant,
but tends to be increasingly lower, thus producing a curve which tends to be asymptotic.
By emplaying the value of the assymptote which is a limit value, independent of the an-
tibiotic dose, one eliminates the subjective factor of having to choose, for comparison, the
results obtained at any specific dose. For identical cells, the assymptotic values are ex-
pected to have 2 normal disgtribution around the mean. Thus, if previous treatment confers
a different organization to the cell, with a different sensitivity to the antibiotic, the
assymptote value (K} would be the reflex of the highest point of disorganization of or
damage to that cell. Thus the equation for this type of curve was determined: logy =
leg K + {log a)b*. This squation does not permit any deduction with respect to the
mechanism of action of the drug, but rather it is used to determine from the experimental
data the K values corresponding to the lowest Tg, for different cultured ceils.

Whan comparing the cdata in Table 2 with the results obtained for viability {Table 1)
we conclude that the fungicidal effect of nystatin cannot be evaluated directly on the basis
of K-ion loss, because the results show that the highest mortality rates {(observed in
aerobically grown cells — Table 1) are not necessarily associated with high speeds of KT
release (low Tgy = K — Table 2). Similarly, while the anaerobic cells containing cholesterol
or ergosterol showed the same level of sensitivity to nystatin {Table 1) in terms of death
rate, the ¥ value obtained for ergosterol-containing cells is less than half the vafue obrai-
ned for cholesteroi-containing cells (Table 2),

Table 1 — The effect of nystatin (5 pg/mt) on the viability of Saccharamyces cerevisize at the logarithmic and
statignary phases of growth {30min incubation)

% of death * 85% confidence limits

Cells previously

grown in Logarithmic phase Stationary phase
Acrabicsis 88.7 & 028 (N 8931 £ 4.251(8)
Anagrohiosis B7.5 *14.3 (8) 77.5 216,31 (4)
[Ergosterol)

Anaerobiogis 68.8 = 14.00 (7) 87.0 20,32 (5}
(Cholasterpl}

{ ) The values in parenthesis indicate the number of assays,



81

QOur results are in agreement with those of Kofler-Brajtburg & col. {16} in that the loss

of K ions is not necessarily related to cell death or vice-versa. Chen & col. {6), using C.
albicans, also demonstrated that there is no correlation between death and 1on reélease in
cells treated with nystatin and its methyl esters.

The results reported herein suggest that the use of polyene antibiotics, and

specifically of nystatin, should be kept under controlled conditions because ather factors
in addition to rmembrane sterol must be involved. Care should thus be exercised in

evaluating the toxic effect of polyene based on experimental models.

Table 2 — Mean values of K and b * 95% confidence limits. Cultures of Saccharomyces cerevisiae grown in
aerpbiosis and anaerobiosis (celis from logarithmic and stationary phase of growth)

Logarithmic phase Stationary phase

Calls previously _ — - =
Grown in K b K b
Aerobiosis 3345 £ 381 0.77887 £ 0.0788 18.11 £ 4.40 0.80391 £ 0.057
Anaerobiosis 23.47 £ 19.2 0.78245 £ 0.0870 40.59 + 6.04 0.79688 + 0.039
(Ergosterol)
Anaerabiosis 51.75 = 15.24 0.75288 + 0.0128 47.97 + 4 B3 0.75838 + 0.018
(Cholesterol}
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Summary

It was measured the excretion from natural population at three lavels in the photic col-
umn {surface, 50% and 10% of penetration of incident light on the surface), The ab-
solute rates of excretion are in general, proportional to the total fixed carbon and
decrease with the depth. Nevertheless when photoirhibition of carbon assirmilation oc.
curred on the surface, the excretion percentage increased, This was not due 1o the
decrease of carban photoassimilation but effectively because of the incraase in the ab-
salute amount of excretion. However, the sample of 10% relative depth, incubated on
the surface, has not increased its relative excretion rate regarding to the surtace during
the photoinhibition period. We have obtained signs that the light intensity can interfere
with the excretion rates, not because of damage caused to the gell by shogks, but pro-
bably because of interactions with others environmental factors,

Hesumo

Excrecio de matéria orgdnica dissolvida (MOD) na coluna fética, por popufacies
fitoplancignicas marichas da regifo de Ubatuba

Medidas 03 fixapie de carbone na fragdo dissolvida e pariculada em trds niveis da coluna
totipa (superficie, 50% e 10% da luz incidente & superficie), na enseada do
Flamenge, Ubatuba, SP, As taxas absolutas de excreqio sao, de um modo geral, pro-
poreionais 4 quantidade total de carbono fixade @ dacrescem com a profundidade. En-
tretanto, quande ocorrew fotoinibiclio da assimilagio de carbone na superficie, as
taxas relativas de excregdo aumentaram, 1sto ndo fol davido somente ao decréscimo
da assimilacio total mas, efetivarmente, também ao aumento ds quantidade absoluta
de carbono excretado. Armostras da profundidade relativa de 10%, incubadas na
suparficia ndo tiveram, no entanto, suas taxas aumentadas, comparadas ¢om as da
superficie, durante o perinde de fotoinibicdo, Foram obtidos indicios de que 2 inten-
sidade luminosa pode interferir nas taxas de excreclio, ndo por danos causados as
calylas mas, provavalmenta, por interacdes com outros fetores ambigntais.
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Since the sixtieth decade the most papers about excretion of dissolved organic mat-
ter {(DOM) by marine phytoplanktonic and fresh water populations, had as their main pur-
pose the guantification of excretion and the examination if this one was a natural and nor-
mal physiclogical process of the populations, or net (1, 5, 7, 9, 16, 11, 12, 13, 14, 16,

17,22, 23, 24, 31}

* This work was supported by FINER by the sub-project Productivity (FINEP-IOUSF)

Bev. Microbiol,, Sao Paule, 13(1):83-94, Jan./Mar, 1982
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Those papers partially answered the questions and the present one consists in the
determination of the factors which léad to this excretion, interfere with it, and the verifica-
tion about the meaning of the products of excretion on the marine environment.

Several works have been published on this matter clearing up doubts and outlining
important points (2, 3, 4, 8, 12, 18, 19, 25, 30). ‘

‘However, we are still so for away as to answer many questions and experimental
data are rare. Nevertheless it is necessary to emphasize that most of the excretion data
collected from marine phytoplanktonic populations, come from temperate regions and that
works, with tropical populations are relatively rare and sometimes not available.

This work has aimed to establish the rate of excretion of photosynthesized products
in natural populations of the photic column from a region with tropical caracteristics, using
four experiments at different times.

Material and Methods

The experiments took place in Flamengo Bay-Ubatuba (SP), {Lat 23° 30'S — Long.
45° 06'W). The measurements of excretion and productivity on the photic column (sur-
face, 50% and 10% of surface incident light penetration) were taken on April, Jure, and
October 1977 and February, 1878. The sarmpling of water was carried out on Van Dorn
bottle of 9 liters and dispensed into dark flasks. The coliected water was filterad on a fun-
nel with a nylon sieve, 150 um pore size, to retain targer zooplankton organisms. From
each depth it was taken aliquots of 700ml into glass dark flasks and 1o them was added
four ampoules of labeled NaH'*CO, (10 x Ci each).

After homogeneization the aliguots were divided in four flaskes of 178ml for incuba-
tion: Two clears, one black and a controt fixed with formaldehyde 2% and HgCl, 0.2%. it
was taken care for the samples not to receive shock by light. The incubation flasks were
harizontally hanging at the corresponding depth for a period of four {(10:00 —
14:00 RL During April, June and October, 1977, samples collected an a 10% relative
depth were also incubated on the surface. After the incubation the samples were im-
mediatly filtered under vacuurm pressure of 1/3 atmosphere on a Millipore many fold model
*X1004700, using membrane filters Millipore HA 47mm diameter size. The filterad liquid
was collected on kitagssato flasks — 500ml.

Despite of the filtrations being rapid, care was taken for the sampiles not to undergo
light shocks during this period. Then the filters were washed with about 70ml of filtered
sea water. This washing was carried out in other kitagsato flask avoiding dilutions of the
fittrates. The filters were exposed during 5 minutes to HC! fumes and their borders, out-
side the filtration area, were cut off. After a fast air drying, the filters were dissolved in
10mi of scintillant Bray’s solution (6), in boro-silicat scintillation vials. The scintillation
vials with the dissolved filters were kept on a freezer till the radioactivity counting. The pH
of the filtrates was adjusted to 2,5 — 2,8 with 10 N HCI. Proceeding, the filtrate was bub-
bled during 30 minutes with filtered air, for total glimination of the formed labeled '4C0O,,.
In the preliminary tests it was unnecessary to readjust the pH of the sample, according to
the first one. Finishing the bubbling, two aliquots of 10ml were taken from the filtrates and
transfered to the scintillation vials to which, by means of an automatic pipet, was added
10mi of Instagel scintifiation solution (Packard). After shaking, the vials were kept in a
freerer. The radioactivity of the sampies was determined by a Packard liquid Scintillator,
Model Tri-Carb C2425, at 20°C. The counting effectiveness varied from 78 to 83% on
the filtrate measures and 85 to 90% on the filters. The effectiveness was calculated by
the external standard of the counter, ’

The samples of the filtrates were counted during 100 minutes or at least 10.000
counts with 1 to 2% &f error. The filters were courted up to 40.000 counts with an error
of 0.7%. The absolute excretion rate was calculated by counting the organic dissolved
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carbon in the filtrates of the clear flagks against the total organic carbon {particulate and
digsolved) fixed in the clear flagk. The method used for the determination of primary pro-
duction was the same as Steemann Nislsen {26) according to Teixeira (27, 28}, using li-
guid scintillation.

The chlorophyll-a concentration was measured by Richards & Thompson method
{21}, with the equations of Parsons & Strickland (20).

Results

The data sumimarized in Table 1 show the depths and chlorophylii-g concentrations.
For & better visualization of the data, they are also ghown in Figures 1 to 4.

The four experiments, which include all the seasons, are not enough to consider the
work a seasonal study. Howevaer, it gives sufficient variability of the carbon assimilation
which is necessary to the aim of this work, that is, to collect preliminary data for the study
of the behavior of the excretion in refation to the variability in the photoassimilation in a
photic column.

The experiments were carried out under different conditions of incident radlatlons an
the surface (Figs. 1E-4E). These different intensities partially explain the variations of the
relative depth of 50% and 10%.

The chiorophyll-a concentration increased from the surface to the botton, in all ex-
periments, especially in the determinations on 21-10-77 and 2-02-78, Nevertheless, we
need 1o take into account, a possible error owing to a probable greater concentration of
phaeophytin near to the botton (32).

Microflagellates were predominant in the phytoplankton composition of the surface
samples in all experiments. In the samples of 50% relative depth, they also prevailed,
however on 24-6-77, the count of Phaeodactylum tricernutum was considerably high.

At 10% relative depth, the amount of microflagellates was also the highest, but the
number of diatoms was much bigger than in other levels. The diatoms which were more
proeminent in the three levels were Chastocerps sp., FPhaedactylum tricornutum, Nitz-

Table 1 — Carban assimilation (mgC/m¥/h) in dissolved and particulate fractions

. hight Bortle Dark Bottle
Date Dapth | Chiorophylf @  Total Fhoto- Dissolvad Diszolved
im) {mg/rn?) assimilatiar | Total Farticulste | mgCim3h % | Total Particulate | mgCims/h %
(Mo s o Fo b el

Q 1.10 4.87 8.43 4.60 0.83 156.3{ 0.56 0.8} 0.05 g.9
24704177 =1 1.21 .38 0.83 0.65 0.18 21.710.45 0.26 0.08 20.0
11 1.21 0.26 .80 D.68 Q.12 15.01 0.654 Q.45 Q.05 16.7
4 3.09 4.01 3.51 Q.50 12.610.91 Q.70 Q.21 23,1
4] 1.0 7.72 213 7.85 0.48 B9} 0.41 0.38 Q.03 1.3
24108777 3 1.1Q 4.82 8.6t 5,20 Q.31 6.6 | 0.69 0.58 0.1 158.9
8 1.44 Q.32 0.71 0.64 0.07 2.9 (0,38 0,33 0.05 13.2
" 5,35 8.09 572 Q.26 5910.73 0.567 0.16 21.8
Q 0.28 2.81 3.64 27 .93 25,5 0.82 0.69 0.23 28.0
210177 4.5 1.01 5,29 .64 B.11 0.53 8.0 1.35 0.83 .52 33.5
15 2.70 4,10 5.07 4,70 0.37 7.2 0.87 0.74 G.23 23,7
. 2.61 4.55 4.14 .41 5.01{0.84 0.87 0.07 7.4
0 0.50 4.82 5.18 4.86 D.32 6.2]0.56 0.44 G2 21.4
21/Q2I78 1.5 Q.77 .89 4,57 4,40 0.17 2.710.67 0.58 .09 13.4
8.5 2.53 0.65 1.78 1.68 0.10 551 1.12 0.84 o.18 16,1

* Amostras orisndas da profundidade de 10%, incubadas 3 superficie.
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Figure 1 — Exparimant on 24-4-77
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Figure 2 — Experiment on 24-8-77
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Figure 3 — Experiment on 22-10-77
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Figure 4 — Experiment on 21-2-78
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schia longuissima Nitzschia sp., Guinardia sp., Coscinodiscus sp., Hemiauluz sp. and
Hemidiscus sp. The dinoflagellates were smaller in number than distoms. The most
representative genus was Ceratium sp. and Prorocentrum sp. The presence of blue-green
alga Oscillatoria sp. (Trichodesmium sp.) was always noticed on the surface in the four
expenments.

The vertical distribution of the temperature generally shows decrease according to
the depth.

Teixeira {27} discoverad the accurence of stratification in the water column, during
the summer in the same region: a hot surface layer and a deep one with colder water,
separated by a thermocline. With just three levels it was not possible to characterize a ther-
rmagciing in this work, however a vertical distribution in February and October sugests its
occurence {Figs. 3,4D).

The set of environmental conditions in the four experiments was enough variable to
obtain, as desired, different patterns and values of carbon photoassimilation.

In the experiment of 21-10-77 the maximal rate for total photoassimilation
(T s ex ™ Pos el 5,29mgC/m3/h, occured in the 50% relative depth (4,5m) while in the
surface it was obtained a rate of 2.81mgC/m3/h. At this same day the total photoassimila-
tion found in a relative depth of 10% {(15m) was 4.10mgC/m¥h. This, seemingly, was
owing to the high luminous intensities occured during incubation period (Fig. 3E), resulting
a photoinhibition on the surface and a greater penetration of light in the photic column.

The maximum rate of total photoassimilation, found on the surface, was obtained in
the experiment on 24-6-77 (7,77mgC/m3/h),

On that day the rate obtained in the relative depth of 60%), was also relatively high
{4.82mgC/m3/h) and it may reflect, among other factors, the low depth which the samples
were incubated as well as a great homogeneization of the water column. On the other
hand, in the experiment of 24-4-77, with a greater luminous intensity than 24-6-77, the
total photoagsimilation on the surface was lower (about 63% of the obtained on 24-6-77).
In the 50% relative depth (9m) it was only 8% of the corresponding obtained on 24-6-77,
in the depth of 3m. At the depth of 109%, there was no great variation in the total
photoassimilation in these two days. However, considering the total productivity in the
photic column, the difference stays much less marked: 26.8 and 30.6mgC/m#/h at
24-4.77 and 24-6-77 respectively.

Despite of the higher luminous intengity, the low photoassimilation on the surface
on 24-4-77, is probably because of a possible stratification in the photic colurmn on that
day, not so much evidenciated in Figure 1D because of the lack of intermediary points bet-
ween the surface and 50%. 1 ig also possible that the low photoassimilation was because
of the high luminous intensity on that day.

The low value of total photoassimilation {4.62mgC/m3/h), on 21-2-78 during the surm-
mer, reflect the short rainy period, which begun aproximately at from 12:30 to 14:00h,
responsible for the very low intensity of incident light in the surface (Figure 4E) during the
incubation period. However it is necessary to emphasize that the concentration of
chlorophyll-a at that time was only 0.50mg/m3. Therefore this corresponds to less than
half of the concentration on 24-4-77 which has a photoassimilation rate nearly identical.
This turns the assimilation rate 21-2-78 the highest in the experimental series.

The absolute values of excretion was always higher in the surface, decreasing with
the depth going along with the total photoassimilation in all experiments. There was also a
decreasing in relative values of the relevant depth at 50%, in relation to the surface with
exception of 24-4-77. However it was observed an increase of the relative rates of 10%
relative depth, in spite of the decrease of the absolute rates. It is interesting to note that
the total photoassimilation rate abtained on 24-4-77 on the surface (4.87mgC/m3/h) is
very near to those of: 24-6-77 at 3m {4.82mgC/m3/h}, 21-10-77 at 15m (4.10maC/m3/h)
and 21-2-78 on the surface {(4.62mgC/m3/h). However, it was verified, in this case that
the excretion rates do not always follow the total photoassimitation.
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Despite of being obtained at different time and depth, the absolute and even the
relative rates of 24-6-77 and 21-10-77 are very near, according to the well known pattern
ot proportionality to the productivity {1, B, 8, 16, 29},

However the rate of 24-4-77 does not agree with thig pattern. The excretion rates of
24-4-77 were much higher reflecting the influence of another facter acting on the excre-
tion besides the fixed carbon, quantity. This factar could be the luminous intensgity which
was high during the incubation period, on that day. However it could be any other factor
which was controlling the photoassimilation.

The action of a factor on the excretion rate of 21-10-77, independent of the fixed
carbon quantity, was evident. On that day the high lumincus intensity, resulted in a pho-
toinhibition on the surface which was about 47% regarding to the relative depth of 50%
{4,5m). Despite of this, the absolute excretion rate on the surface was greater in alf ex-
periments, while the total photoassimilation was the smallest obtained on the surface. On
this day it was obtained de greatest absolute excretion rate for a b0% relative depth
(0.53mgC/m3/h). This values also corresponds to a relatively great total photoassimilation
(5.29mgC/m3/h) which was the greatest found at this depth. Possibly this great produc-
tivity must be the reason of this high absolute excretion rate.

The smallest absolute excretion rate obtained at 50% relative depth was on 21-2-78
{0.17mgC/m3/h), for a total photoassimilation of 3.89mgC/m3/h. Aproximately the same
amount {0.18mgC/m3/h}, at 9m, was excreted on 24-4-77 in the same relative depth of
50%. Nevertheless, the corresponding total photoassimilation was only 0.38mgC/m3/h,
that was responsible for a high valug of the relative excretion rate 21.7% while the
previous one was only 3.7%.

At the relative depth of 10% it was observed that the relative excretion rates in-
creased not because the increase of the amount of the absolute excretion but mainly
because of the diminution of the amount of the total fixed carbon.

‘The carbon fixation in the particulate fraction of the dark flask, in relation to the par-
ticulate in the clear one, increased with the depth, reaching high values like: 68.2% and
51.1% and 56% respectively in the experiments on 24-4-77, 24-8-77 and 21-2-78 in the
10% relative depth. A relative value reasonably low was obtained in the experiments of
21-10-77 that, as mentioned, exhibited the greatest total photoassimilation of the ex-
perimental series at this depth.

However, on that day the percentage fixation in the dark on the surface, was
greater, reflecting not only increase in the absolute amount of carbon fixation in the dark
hut also a downfall in the photoassimilation caused by photoinhibition.

The absolute excretion rates in the dark flask as can be seen in Figures 1-4, generally
follow the carbon fixation rates in the particulate fraction {except on 24-4-77) in a similar
pattern of the clear flagk. However, it can be seen that the increase of the relative rates ob-
1ained in the botton, are not hecause of the decrease of the fixation rate of the particulate
fraction, but in a general way owing to the increase of the absolute rate of the soluble
fraction.

The total photoassimilation of samples at 10% relative depth incubated on the sur-
face, underwent a decrease in relation to those of the surface at 36.5% on 24-4-77 and at
30.8% on 24-6-77, incubated on the same way. Nevertheless, on 21-10-77 there was a
decrease of 28% regarding of the surface sample.

The relative excretion rates in the clear flasks of these samples on 24-4-77 and
24-6-77 are similar to the measured on the surface ones: 12.5 and 15.3% to the first and
5.9 and 5.9% to the second one. In the experiment of 21-10-77, the absolute excration
rate of the surface sample was about 75% greater than the obtained in the sample at 10%
relative depth incubated on the surface despite of the lower value of the total
photoassimilation on the surface sample. This was the cause of the high relative excretion
rate an the surface (25.5%).

The fixation of the particulate carbon by gamples from 10% relative depth incubated
on the surface in the dark flask, was greater in absolute rates than the sample of the sur-
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face. Probably this was because of the most higher termperature on the surface since the
rate was also greater than the one of 10% samples incubated at this depth.

Discussion

In spite of the lack of enough data for a categoric assertion, it has become evident
that the excretion of DOM in the photic column does not go aleng with the well known pat-
tern which follow the fixation of total carbon. At feast other factors can interfere with the
qualitatives aspects of the excretion. Thus, it was evident that the excretion rate on the
surface samples of 21-10-77 was determined by others factors but not the total carbon fi-
xation. In this event the most probable factors was the luminous intensity which caused,
on the surface, a photeinhibition of the carbon assimilation in the particulate fraction. As
there is clear stratification in the water colurnn (Figure 3D) it could be thought in a predo-
minant action of the nutricional deficience on the surface. However, the assimilation of the
10% sample, incubated on the surface and in the sample of 50% relative depth, discard
this probability. In the same way it may be discard the hypothesis of the high excretion ra-
tes be due to damage caused to the cells ocasioned by exposure to high luminous intensity
since the 10% samples incubated on the surface, has not increased its excretion rates. On
24-4-77 when the luminous intensity was relatively bigh, the excretion rates of the botton
samples incubated on the surface was also lower than that of the surface.

The fact of the excretion rate at 10% depth incubated on the surface on 24-6-7, to
have the same greastness of the surface sample, reinforce this hipothesis although it
presents a srmaller total photoassimilation when the luminous intensity was not enough
high for the inhibition occurrence.

The increase verified in the excretion rates on the surface samples would be due the
luminous intensity which directly or not interfere with the excretion processes, through
photoassimilation process but not by damages caused to the cells. These data are not in
accordance with those of Ignatiades (17) who has observed an increase of the excretion in
samples of several depth incubated on the surface. However it is necessary to consider
that the author has worked with populations (where Skeletonema costatum were
predominant) from temperate zones and shade adapted. Seemingly, it did not oceur in this
work an increase of excretion of the surface photoinhibited samples by light shock after a
short photoassimilation (19).

The increase of the excretion rates of the surface would reflect further normal pro-
cesses (probably related from the adaptation to the environmental conditions, not so much
favourable) like a period which these populations were previously exposed to high
lurninous intensity, interacting with nutritional conditions. This increase, therefore, would
not be because of damages caused by light shocks. Berman & Holm-Hansen (5} attributed
the highest surface excretion rates at California Gulf, to the increase of photarespiration
caused by high luminous intensities.

Finally, it must be ermphasized that the excretion relative rateg, when there was no
striking photeinhibition in the surface vary in a relatively narrow stretching, with no high
absolute values, This fact points out that, at least in these experiments, great variations
an the relative rates come just from the fact that changes of the total photoassimilation did
not happen (192) and that the increase verified on the surface was really influenciated by
other mentioned factors.
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Primeiro Seminario & Grupo de Trabalho Internacional sabré Normas de Seguranca nos La-
hotatérios de Microbiologia, Quimica e radio-quimica. Séo Paulo, 1981,

Foi realizado em S. Paulo, de 01 a 12 de junho de 1981 e organizado pela FIOCRUZ &
OPAS (Projeto BRA-3600). Constou de uma série de conferéncias, aulas, filmes e grupos
de trabalho. As confaréncias foram ministradas por profissionats brasileiros representan-
tes das Universidades e de Instituicies de Pesquisas e Tecnologia. No perfodode 8a 12 de
junho foi ministrado curso sobre Seguranca em Laboratérios Microbioldgicos cujos instru-
tores foram os Dre. John Forney e Monica Schaeffer ambos dos EE.UU. e consultores da
QPAS,

Durante o evento foram discutidos aspectos gerais e legais de sequranga nos labo-
ratérins, foram considerados os principais riscos como gases e vapores, eletricidade,
substancias quimicas e radio-quimicas, incéndios; especificac@o de capelas; toxicologia;
substancias mutagénicas, teratogénicas e carcinogénicas; histdrico e ocorréncia de in-
fecctes de laboratério; aerosdis infectados e seu controle; boas praticas de laboratorio e
higiene pessoal; descontaminagio, esterilizaco e controle de riscos. Foi também enfatiza-
da a importancia da formacio de pessoal em prevengdo e controle de acidentes de labo-
ratéric e do desenvolvimento de programas de seguranga.

Um documento fina) sobre conclustes e recomendacdes foi elaborado e enviado as
autoridades governamentais. Neste documento é relatado que 80% dos riscos de labo-
ratério poderdo ser evitados por uma conduta correta dos téenicos e que os 20% restantes
sdo controlaveis pelo uso adeguado de instalagbes e equipamentos. Recomendou-se: trai-
namento de pessoal em todos os niveis de formacdo, em seguranca de trabalho em
laboratdrios.

Que as associaches de classe discutam o tema seguranca de trabalho em laboratério
arn Congressos e Semindrios. Que os Ministérios da Salde, da Agricultura, da Previdéncia
Social e todos os setores da Administracio Plblica e as InstituigBes que prestam servicos
laboratortais para pesquisa, ensino, controle de qualidade, implantem um programa de se-
guranga com provimento de locais e equipamentos adequados & Seguranca e Higiene do
Trabalho, estabelecimento de normas de seguranca e organizacio de comités de seguran-
ca. Que sejam elaborados manuais de seguranca erm trabalhos laboratoriais e que a Asso-
ciacéo Brasileira de Normas Técnicas elabore normas visando a seguranga na construcio
de diversos tipos de laboratdrios bemn como dos equipamentos utilizados.

Uma recomendacio muito especial foi feita &s Entidades Financiadoras de Pesquisas
para que avaliem os riscos associados as mesmas corn relacdo as condicdes individuais e
das instalacOes, reservando-se o direito quando e, s&¢ necessério, de inspecionar as con-
diches minimas e de seguranga do local onde se realizara a pesquisa. Esta Gltima recomen-
dacdo & muita importante, pois estudos realizados no Brasil t8m evidenciado um grancle
ntimero de acidentes de trabalho am laboratérios principalmente entre pesquisadores e foi
verificado qua as normas de seguranca minimas para trabalho em laboratério ndo tém sido
obedecidas.

Maria Therezinha Martins
CETESE

Av. Prof, Frederice Hermann Jr., 3458
06448 S50 Paulo 5P
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Kunkel & Dixon, eds. — Advances in immunology. New York, Academic Press, vol. 29,
1980

Prosseguindo na excelente série de revigdes em imunologia, o presente volume de
330 pdginas aborda 6 ternas: 1) Quimica e biologia da via alternativa do complemento; 2)
Mediadores da imunidade linfocinas € monocinas; 3) Diferenciacfo de adaptacio dos
linfocitos; implicagdes tedricas para mecanismos de reconhecimento célula-céluls e regu-
lacdo da resposta imune; 4) Destruicdo mediada por anticorpo de células infectadas por
virus; 5) “Doenga aleutiana da Marta’’; 8) Influéncia da idade sobre o sistema imune.

O primeiro capitulo de Mdller-Eberhardt & Schneider, constitui revisso quase comple-
ta de trabalhos recentes sobre a ativacio da via alternativa do complemento. O assunto
deixou de ser confuso e contraditério quando seis proteinas da via alternativa foram isola-
das e suas propriedades como enzimas, substratos enzimaticos e reguladores foram deter-
minados e esclarecidos, como se verifica detalhadamente na presente revisgo. A desco-
berta da ativac3o da via alternativa por varios sistemas além do anticorpo é estudado com .
mindicias, assim como o papel preponderante de €3 e seus componentes,

O segundo capitulo sobre Mediadores da imunidade & de autoria de Rocklin, Bendt-
zenh & Greineder que atualizam o ja vasto campo das linfocinas e monocinas, com efeitos
bioldgicos sobre varios tipos de células, incluindo linfacitos Te B e macrofagos. Fatores
quimiotdticos & mitogénicos, MIF, fatores auxiliares e supressores, linfotoxinas e outros,
s8o discutidos em detalhes. Algumas destas substancias foram isoladas e anticorpos a fa-
tores individuais estéio sendo identificados. H4 evidéncia de que fatores considerados indi-
viduaig tenham atividades multiplas, cujo significado bioldgico e evidente em alguns fato-
res, mas ainda indefinido em outros casos.

No terceiro capitulo de autoria de Katz, as interactes célula-célula na resposta imune
e suas relagbes a regido Ir ¢ outros sitios do “‘complexo major de histocompatibilidade’”
sao revistos em detalhe. Conceito proprio, altamente especulative, envolvende inter
reagdo celular e molecular e produtos de gen ir resulta em teoria na qual moléculas de Cle
seus respectivos receptores anti-Cl, ainda ndo identificados, servem de base para expli-
cacho do fendmenao de auto-reconhecimento.

Ne guarto capitulo, Sissons e Oldstone estudam o efeito de anticorpo & complemer-
to sobre células infectadas por virus, Ativaco da via alternativa & colocada em destague.
( efeito do sistema ABCC envelvendo antigenos virais na destruico celular & também dis-
cutido. Reagles mediadas por anticorpo participando nas nfecgbes virajs constituem o es-
copo principal desta revisio. ‘

Porter, Larsen & Porter apresentam suas experiéncias na "“doenca aleutiana da Mar-
ta”’, modelo experimental de varias doengas imunolégicas humanas, principalmente das
doencas por imunecomplexos que induzem afeccdo renal severa.

O capitulo final € devotado as alteracdes do sistema imune na velhice. Makinodam &
Kay recapitulam o declinio da funcao imune descrita no animal de experigncia e no ser hu-
mano. Muitas observacdes 80 contraditérias e conflitantes e os autores pretendem har-
monizar 3 opiniies. Parece haver declinio gradual da funcio de célula-T com a idade, ha-
vendo secundariamente atteraco da funcio da célula-B, paralelamente ao acréscimo na
funcéo supressora & consegliente aumento na formag&o de auto-anticorpos. Aumento de
imunoglobulinas menoclonais & outro achade freqliente. Tentativas em reverter estes de-
feitos sfo promissores, pois em alguns deles sfo referidos sucessos.

Ernesto Mendes

Escola Paufista de Medicina
Rua Botucatu, 862

04023 5de Faulo 5P
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Abstracts of the Second International Symposium on Microbial Ecology. Coventry, En-
gland, University of Warwick, 1980.

Apresenta resumos bastantes suscintos do temdrio discutide durante o 2° Simpdésio
Internacional sobre Ecologia de Microrganismos, realizado na Universidade de Warwick,
inglaterra, de 7 a 12 de setembro de 1980. As conferéncias apresentadas por especialis-
tas convidados versaram sobre: luz e atividade microbiana; atividade da dgua e ecologia
ricrobiana; ambientes extremos; mecanismos de posicionamento {movimentos e guimio-
taxia}; aerobiologia; ecologia microbiana das interfaces; microrganismos e o desafio das
moléculas recalcitrantes (ndo biodegradaveis ou de dificil biodegradagio); selecio e evo-
lugao dos microrganismos no ambiente natural; resposta fenotipica As alteracdes ambien-
tais; conservacdo da energia microbiana; fluxo energético e biomassa; reagdes e inte-
racdes nos ciclos biogeoquimicos; a ecologia dos microbios em relac8o aos seres huma-
nos; interacio vegetal-microrganismo; interacdes animal-microrganismos; antagonisma
microbiano — o potencial para o controle biologico: relacdes predador-presa; simbiose al-
gal; forma e funcio ecologica; interagdes positivas nas comunidades microbianas.

Cerca de 80 conferéncias foram apresentadas em relacio a estes temas. A secdo de
termmas livres por apresentacdo oral ou “‘posters’’ constou de aproximadamente 380
trabalhos.

Muitos dos resumos 880 excessivamente genericos e pouco conclusivos. Consta de
uma coletdnea de importéncia para quem se dedica 5 drea da ecologia de microrganismos
pois nos Jda © estado da arte deste setor. Como contém nomes e enderegos de especialis-
tas participantes é um documento Util para que se possa estabelécer contatos com pessoal
de uma area que ainda ndo & muito hem estudada no Brasil,

Infelizmenie parece ser um documento de distribuic8o restrita e ndo esta sendo co-
rnercializado. Talvez seja possivel obtenco de copia do mesmo junto & Universidade de
Warwick, Caventry, England,

Maria Therezinha Martins
CETESE

Av, Prof, Frederico Hermann Jr., 345
05458 540 Paule 5P

Mac Faddin, J. — Biochemical tests for identification of medical bacteria. 2. ed. Baltimo-
re/London, Williams & Witkins, 1981.

A presente edicdo do livro de Mac Faddin é um excelente texto de consulta para a
compreensdo da metodologia, da importancia, interpretacdo ¢ os fundamentos bioguirmi-
cos das principais provas usadas no diagnéstico dos principais grupos bactenanos pa-
togénicos do ser humano.

S&o excelentes os esquemas de identificacdo das bactérias patogénicas incluidas
nos capitulos: 37 (bactérias Gram-positivas), 38 (bactérias Gramr-negativas ndo entero-
bactérias) ¢ 39 (Enterobactérias).
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Em cada um dos capitulos existe uma vasta revisdo bibliografica gue permite a0 con-
sultante aprofundar seus conhecimentos no capitulo respectivo.

Por estes motivos, recomendamos esta 2 edic8o como texto obrigatdrio no arsenal
de livros de consulta para o bacteriologista em sua atividade diria e para 0 estudante de
bacteriologia.

lgor Mimica
FPaculdade de Ciéncias Médicas
Santa Cassa de 530 Paulo

Rua Dr, Cesdric Mots Jr., 112
Q12271 550 Paulp 5P

Randall, L.L. & Philipson, L., eds. — Virus receptors. Part |-Bacterial viruses receptors and
recognition. Série B, Vol. 6. London/New Yark, Chapman & Hall, 147p., 1980.

O livro “Virus recepiors, part |, Bacterial Viruses’’ faz parte da serie B de volume so-
bre tépicos especiais de Biologia e Microbiologia, com a denominacdo geral de “"Receptors
and Recognition” . E editado, desde 1876, por Chapman & Hall. Apesar deste tomo repre-
sentar somente o primeiro volume de dois livros sobre a interacio dos virus com as célu-
las, pode, na realidade, ser lido independentemente do outro, por se tratar de sistemas de
interacdo célula/bactenofago, um grupo diferente de virus. Ja o volume Il (Virus Recep-
tors, Part 2. Animal Viruses, editado por L. Philipson e K. Lonberg-Holm) aborda exclusiva-
rmente 0g virug animais. Trata-se, como indica o titulo "Receptors and Recognition’’, de
uma sene de volume sobre topicos especificos no campo de estruturas de superficie das
celulas, e a interacio com outras estruturas {celulares, virais etc.) e com o meio ambiente.
Cada volume & composto de algumas revisGes sobre topicos especislizados da literatura,
escritas por diferentes autores, eminentes especialistas nas respectivas areas.

A interacdo de fagos com as bactérias é um assunto que vem sendo estudado desde
as pesquisas inicials realizada pelo grupo de Delbriick, com os fagos T-par de Escharichia
cofi. Tornou-se, porén, um tépico atual apés a gonstatacdo que © wso de fagos e de mu-
tantes bacterianos a eles resistentes facilita muito o estudo da estrutura de superficies em
Procariotos.

Este livro apresenta os conhecimentos, adquiridos até 1980, sobre os diversos tipos
de interacao fago/hospedeiro, descrites na forma clara e concisa.

A introducio, de autoria de um dos editores, L.L. Randali, é escrita de forma bastan-
te direta, representando, em 2 paginas, o menor capitulo do livro. Ha, além da introdugio,
5 outros capitulos de autores diferentes. Esta divisio em capitulos se da de acordo com a
estrutura celular que serve como receptor para o fago; além disso, ha 2 capftulos tratando
de t6picos isolados. Esta divisdo é bastante aceitdvel, porque ordena de maneira logica a
grande guantidade de dados nos diversos sistemas de integracdo fago/hospedeiro. Assim
sendo, ha capitulos sobre: Receptores em bactérias gram-positivas; Lipopolissacarideos
como receptores para fagos; Interacdo de fagos com receptores proteicos; Adsore8o e
penetracdo dos fagos contendo lipidios; Penetragao do dcide nucléico do fago. De uma
maneira geral, em cada capitulo sdo revisados e discutidos, detalhadamente, os dados da
literatura. Porém sem nunca perder uma viso ampla do assunto e levantando, gquande
possivel e necessario, hipoteses para averiguacdo de dados conflitantes. O capitulo 2
{(Fhage Receptors in Gram-positive Bacteria, A.R. Archibald) & dedicado as interagdes en-
tre fago e hospedeiro, encontradas nas bactérias Gram-positivas. E justificavel a discussdo
desse assunto numa revisdo, visto que a estrutura de superficie disponivel como recepto-
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Rains, D.W.; Valentine, R.C. & Hollagnder, A.. eds. — Genetic engeneering of osmoregu-

Iaz!tim:;:9 %pact on plant productivity for food, chemicals and energy. University of Califor-
na, .

Entende-se por Engenharia Genética ro conjunto de técnicas que aplicam conheci-
mentos multidisciplinares ¢ voltadas para a solugio de problemas biolégicos através da
manipulagéo dirigida do material genético. Geralmente estas técnicas complementam aos
recursos da genética, onde estes 80 poucos eficientes ou dificiimente aplicaveis. Este Ii-
vro lustra muite bem estes principios discutidos durante o Simpésio sobre Engenharia
Genética da Osmoregulac8o (Brokhaven National Laboratories College of Agricuttural and
Environmental Sciences, University of California, Davis, 1979). Neste simpdésio ficou evi-
dente a tentativa para interligar os esforgos de cientistas de plantas e microrganismos e
neste volurme procura-se elucidar as bases genéticas bioquimicas e fisiolégicas da to-
leréncia a condigbes de stress apresentada por diferentes sistemas bioldgicos. Aplicando a
engenharia genética da osmoregulac@o a area aplicada do cultivo de plantas e microrganis-
maos, espera-se alcangar um aumento da produtividade erm ambientes agrestes e eventual-
mente contribuir para o aumento dos suprimentos mundiais de alimentos, produtos quirmi-
cos e energia.

Este volume examing o problema da osmoregulacio sob varios aspectos em microt-
ganismos procariotos e também, em plantas. Os mecanismaos de osmoregulagio, bem co-
mo os mecanismos de tolerdncia 4 seca e ao frio 380 debatidos, enfocando-se suz apli-
cacdo no melhoramento de plantas. Do mesmo modo, procura-se levantar questdes liga-
das as estratégias bioldgicas, a pesquisas colaterais de interesse e os possivels recursos
gque podem ser aplicados no estudo da osmoregulacao. Um dos capitulos do livio se pren-
de a avaliacdo do direcionamento da pesquisa por ag&ncias financiadoras da pesouisa nos
Estados Unidos, ¢ que pode servir de exemplo para a politica cientifica nacional.

E importante salientar que o mundo vegetal representa uma fonte ilimitada e re-
novével para a producio de alimentos, produtos quimicos e energia. A utifizacBo ampla
desta fonte geralmente é ineficiente devido a condicfes inadequadas de umidade, calor e
salinidade. Uma maneira de estudar e propor solucdes para ¢ problema sem dovida ests re-
préesentada pelo conceito unificado das formas de stress enveolvendo a seca, salinidade,
condicGes térmicas e outras. Neste sentido o livro Genetic Engeneering of Osmoregulation
apresenta uma proposicdo merecedora da atenc3o especial dos pesquisadores da area ve-
getal, além do interesse imediato de microbiologistas, fisiologistas, bioguimicos, agréno-
mas & outros pesquisadores.

Flavio C A, Tavares
Dept? Gendtica ESALC
Caixa Fostal 83

13400 Riracicabe 5F
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ra, néo possue a diversidade conhecida nas bactérias Gram-negativas. Sem a pretensao de
ser completo, faz a revis@o dos sistemas de interagdo mais estudados em diversos géneros
de bactériss Gram-positivas. Apds uma descrico suméria da parede celular, segue-se
uma discussio da interacio de fagos com algumas estruturas que servem como recepto-
reg, tais como flagelos e receptores associadas com a parede celular e 2 membrana cito-
plasmética. Finaliza-se com um resumo dos temas abordados & propostas para modelos de
adsorcio de fagos nesse grupo. Fica claro para o leitor, que, freqlientemente, os dados
ainda sdo sumarios quando comparados com os conhecimentos sobre interacio dos fagos
com as bactérias Gram-negativas. No capitulo 3 (Lipopolysaccharide as a Bacteriophage
Receptor, A. Wright., et al), & revisado o papel dos lipopolissacatideos (LPS) como recep-
tores nas bactérias Gram-negativas. Apos uma descricio bastante detalhada da estrutura
dos LPS, tomando-ge por base seus 3 componentes principais: LPS, antigeno-0 e cerne-R,
segue-se a descricio de cada um desses 3 componentes como receptores de fagos. Ha
uma discussao bastante clara sobre os modeios de adsorgéo dos fagos Py, {em antigeno-0
de 8. typhimurium) € T, (no cerne-R de £, cof}. Nesse artigo, o autor foi feliz em conseguir
captar e resumir a grande quantidade de dados disponiveis. O papel das proteinas da su-
perficie como receptoras em bactérias Gram-negativas é esclarecido no capitulo seguinte,
{eapitulo 4. Interaction of phages with their receptor protein, M. Schwartz), Essa revis8o
extensa (talvez refletindo a grande guantidade de trabalhos recentes), sumariza e discute
as varias proteinas que fazem parte de receptores para fagos. E sugerida, pelo autor, uma
hipétese interegsante de que alguns fagos sd adsorvem em receptores membranosos
guando em estadoe ativado. Além diggo, recomenda-se uma medificacdo no medelo classi-
co da adsorcéo de fagos em 2 etapas. Também, transparece gue a chamada hipdtese de
“Cooperacao de fibras'’, pela quantidade de vezes que € citada, chegue a ser algo mais do
que uma hipotese, O 52 capitule {Attachment and Penetration of Lipid-Containing Bacte-
tiophages, T. Palva & D). Bamford), é o menor, em virtude da relativa novidade do assunto
e da escasser de dados. Trata dos modos de interacio dos fagos contendo lipidios com os
seus diversos hospedeiros. Ha uma {boa) compilacio de dados sobre esse novo grupe de
fagos, e hé uma proposta de classificacgo e nomenclatura dos mesmos. Ressalta a maner-
ra especial de interacBo destes fagos com as céluias bacterianas. As concluses se ba-
seiam bagicamente em dados obtidos por microscopia eletrbnica e torna-se evidente gque
muitas investigacdes 580 ainda necessérias nesta drea. O 6° capitulo {Bacteriophage Nu-
cleic Acid Penetration, E. Goldberg) revisa og modos de penetracio do acido nucléico dos
fagos mais bem estudados, de forma muito profunda e detalhada. O artigo apresenta,
porém, uma certa redundancia com os capltulos anteriores, evidentemente por se tratar de
sistemas fago/hospedeiro ja discutidos. Fora isso, na introducdo desse artigo, se encontra
uma listagem de termos especificos para o assunto, gue ja foram usados ern capltulos an-
teriores. O autor, contudo, conseguiu aprofundar bem o assunto, aproveitando-se dos
conceitos e termos especificos nesse campo. Asg referéncias bibliogréficas citadas séo
bem recentes, denotando ser um assunto novo,

Uma observacio deve ser feita: O sistema de referéncias da literatura ndo e constan-
te em todos os capitulos, varando o sistema nome/ano com o sistema de ndmeros.

Resumindo: O livro é bastante atualizado e completo, sem contudo perder-se em de-
talhes indteis. Serd, sem dilvida, muito Gtil para aqueles pesquisadores que se dedicam ao
estudo de fages e para aqueles que estudarm as estruturas de superficie em microorganis-
mos procariotos. Requer, porém, conhecimentos bésicos na drea geral de fagos e de estru-
turas celulares em procariotos, impedindo portanto o seu uso como livro texto,
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