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EDITORIAL

O QUE E UM MICROBIOLOGISTA?
Paulo de Gogs (1)

£ muito dificil, hoje em dia, definir-se o que é um microbiologista. Ponto
de encontro de especialistas os mais diversos, é a Microbiologia praticada por
cientistas de outros campos, sobretudo por bioquimicos e geneticistas.

Isto decorre da circunstincia de serem os microrganismos “animais de labo-
ratério” por exceléncia, pois, usando-os como tal, é que tém surgido as descober-
tas mais revolucionarias e os maiores avancos nos campos da bioquimica, genética
¢ biologia molecular.

Foi também através de estudos com microrganismos que surgiu &sse fabuloso
contingente de conhecimentos modernos sbbre ‘a glamorosa Biologia Molecular,
A0 em moda como a midi — ou a maxi-saia. E o {igurino atual, como as cria-
¢oes de Patom ou Lanvin. Af surgiu uma nova nomenclatura esotérica e torren-
cial que as vézes, confunde o microbiologista do modélo tradicional, como eu e
tantos outros aqui presentes, mais ungidos a Microbiologia aplicada, como a que
faco e sempre fiz e que entendo ter ainda razdo de ser cultivada.

Neste particular, ou seja, a orientagiio a ser seguida na pesquisa e ensino da
Microbiologia, como um péndulo, as tendéncias tém oscilado para posigdes extre-
mas, sem que se estabeleca um justo equilibrio. Uns enfatizando a maior impor-
tancia da investigagdo e ensino no campo basico ou fundamental, outros reclaman-
do maior interésse para pesquisa aplicada.

4

Ainda recentemente, &ste foi um dos pontos mais debatidos em uma confe-
réncia promovida pela “American Academy of Microbiology” sdbre ensino, reali-
zada em 1967, em Chicago, e um dos defensores daquela Gltima referida posigdo
alegava que a especializacdo chegou a tal exagéro que ja ha alguns microbiolo-
gistas que sdo Kreb-ciclistas, outros pentose-shuntistas, para nio esquecer os que
sio ciclistas dicarboxilicos.

Voltando ainda a falar sébre quando comegar o ensino da Microbiologia,
devo dizer que, para a descoberta e a captagio de talentos, deve éle comecar o
mais precocemente mos cursos superiores em que exisla a disciplina. Na Univer-
sidade, tal estratégia deverd ser praticada em todos outros cursos de ciéncias exatas,
além dos de Biologia, abrangendo, particularmente, aquéles para a formagio dos
profissionais da satde. Esse ensino deverd prosseguir apoés a graduacdo, sob a
forma de cursos de especializagio, aperfeicoamento, atualizagio e, seguindo-se a
dstes, os de pos-graduacio, ou seja, de mestrado ou doutorado. Sé6 dessa forma
é que se poderd recrutar os elementos mais bem dotados dentre aquéles que fize-
ram os referidos cursos para graduados. Déstes Gltimos é que surgirfo os pes-

Excerto de conferéncia no encerramento do II Congresso Brasileiro de Microbiologia,
Sdo - Paulo, julho de 1970

(1) Professor-Titular de Microbiologia e Imunologia da Universidade Federal do Rio de
Janeiro, Rio de Janeiro, Brasil




quisadores e os professdres de que somos muito carentes. A propésito, devo acen-
tuar que ndo podemos dar-nos ao luxo de termos profissionais sdmente votados a
pesquisa, sem ensinar, pois, segundo preceitua a legislagdo vigente, pesquisa e
ensino sio atividades indissocidveis.

Para tanto, ndo basta conhecer bem a especialidade. E preciso também saber
como ensinar. Ja estd superada a época em que se dizia que o ser plofessm
era uma qualidade inata. Com os recursos modernos da pedagogia em ensino
superior, das estratégias e metodologias e recursos da tecnologia educacionais,
baseadas, sobretudo, no processo mais da aprendizagem do que do ensino — como
dizem os norte-americanos — “more learning, less teaching” — podemos dotar
individuos, supostamente sem vocagio didatica, de grande poder de comunicacéo.

Por final, ndo poderia deixar, ao expdr essas idéias gerais, de enfatizar a
importancia que a Microbiologia assumiu, abrangente que é de todos os campos
de conhecimentos. Isto porque, se os micrébios sio hoje em dia, como ja referi,
os melhores instrumentos para investigagdo em bioquimica, genética e biologia
molecular, sdo também as ferramentas fundamentais para a criacio de riquezas.
A prlmelra delas é ‘a que resulta na melhoria das condiges da vida humana e
dos animais, que servem ou sio fontes de alimentos ou produtos fteis ao homem;
lembre-se que a produtividade agricola repousa no conhecimento adequado da
Microbiologia do Solo; que varios produtos fteis sio obtidos por via de fermen-
tacdo, tais como as proteinas, capazes de resolver o problema pandémico da fome.
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PESQUISA DA TETRATIONATO-REDUTASE (TTR) EM
CULTURAS DE SALMONELLA TYPHI

Ernesto Horer (1) & Yara Percira Simoni da Smva (9

RESUMO

Foi estudada a distribuicio da tetrationato-redutase em cérca de 648 amos-
tras de Salmonella typhi, isoladas em diferentes estados do Brasil.

O resultado demonsirou a predominincia de amostras TTR+ (94,90%),
encontrando-se porém em algumas regides, um aprecidvel ndmero de reagbes
negativas, quando se estabeleceu uma comparagio com a média obtida (5,09%).

£ enfatizada a necessidade de que esta prova seja empregada rotineiramen-

te nos laboratérios de Saude Publica, aliada & determinagfio dos tipos hioquimi-
cos, segundo Kristensen, com a finalidade precipua de firmar uma distribuicio

epidemiolégica regional das amostras de S. typhi.

INTRODUCAO

A utilizagio do calde tetrationato de
MULLER ¢, como meio de enriquecimento
para a maioria das salmonelas, recebeu as
primeiras atengdes, quanto ao seu mecanis-
mo de agio, a partir dos trabalhos de Knox
& col. 8. Observaram éstes que certas amos-
tras dos géneros Salmonella ¢ Proteus apre-
sentavam a capacidade de reduzir rapida-
mente o tetrationato a tiosulfato, ao passo
que outras bactérias, principalmente perten-
centes aos géneros Escherichia e Shigella,
foram incapazes de efetuar tal redugfo. Su-
geriram os Autores supracitados, uma hipo-
tese para explicar tal fenémeno: o tetratio-
nato funcionaria como uma fonte adicional
de energia em condigbes de relativa anaero-
biose e somente seria utilizdvel por aquéles
microrganismos redutores déste substrato.
Posteriormente, Knox ? veio confirmar a hi-
pétese emitida, caracterizando ainda a na-
tureza enzimatica désse processo.

Baseados nos trabalhos anteriores, PicHI-
NoTY & BicLiarpi-Rouvier ® desenvolveram
uma técnica especifica e simples, capaz de
revelar a intensidade de redugio do tetra-
tionato a tiosulfato, a qual, posteriormente,
Le Mivor & Picawory® introduziram co-
mo mais um elemento nas provas de rotina,

(1) Departamento de Microbiologia do Instituto

fundamentados na observaciio dos resultados
obtidos em um levantamento entre as va-
rias espécies bacterianas anaerdbias facul-
tativas. Destacam sua importéncia taxond-
mica entre as enterobactérias, principalmen-
te quanto as salmonelas.

NicorLe & Le Minor 7, estudando a pre-
senca ou auséncia da tetrationato-redutase
em 1978 amostras de Salmonelle typhi,
oriundas dos mais diferentes pontos do mun-
do, verificaram uma certa distribuicdo re-
gional no percentual de reagBes positivas
de interésse pratico emestudos epidemiol6-
gicos. Le MINOR®, investigando a tetratio-
nato-redutase em cérca de 8001 culturas de
salmonelas, representando 262 tipos sorolé-
gicos diferentes, obteve 96,30% de reacdes
positivas e apenas 3,649 negativas, Desta-
ca a importdncia epidemiolégica em deter-
minados sorotipos, compreendendo amostras
TTR+ e TTR—, tais como S. typhi, S.
paratyphi A, S. typhimurium, S. enteritidis,
S. gallinarum e S. pullorum.

No presente trabalho, foi pesquisado o
comportamento de 648 amostras de bacilo
tifico, oriundas de diferentes areas do Bre-
sil, no que tange a presenga ou auséneia da
tetrationato-redutase.

Oswaldo Cruz. Rio de Janeiro, Brasil
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MATERIAL E METODOS

Para a determinacido da tetrationato-re-
dutase, utilizamos a técnica descrita por Lk
Mmwor & PicHINOTY®, esquematizando-a
nas seguintes etapas:

[ — Meio basico — Na2HPO4: 3,575 g;
KH2PO4: 0,98 g; MgSO4: 0,3 g;
NH4Cl: 0,5 g; FeSO4 e CaCl2:
0,001 g; Extrato de levedo (BBL):
0;25 g; Bacto-Peptone: 0,25 g;
Agua destilada: 100,0 ml. O pH
devera ser ajustado a 7,0 e o meio
distribuido em volumes de 10,0 ml,
em tubos de 17,6 X 170,06 mm. A
esterilizagdo ¢ {fcita por autoclava-
¢do a 120°C, durante 20 minutos.

Il — Adicionar aos tubos contendo o
meio basico esterilizado, 0,2 ml de
uma mistura em partes iguais das
solugbes de glicose a 20,09% e tetra-
tionato de potassio a 10,0% (este-
rilizadas por filtragdo em Seitz). A
semeadura é efetnada pela inocula-
¢ao de uma alga de 3,0 mm de dia-
metro, da suspensdo em salina do
crescimento de 24 horas, a 37°C, em
agar simples inclinado. Os tubos se-
meados devem ser arrolhados (1d-

TABELA I

lhas de borracha ou de cortiga para-
finada) e incubados a 37°C durante
18 a 24 horas. Transcorrido éste
periodo, acrescentar 3 a 5 gdtas de
uma solugdo a 0,1% de amido, jun-
tando apds, com pipeta conta-gdtas,
a solugo de i6do N/10.

ITT — Nao havendo reduco do tetrationa-

to, verifica-se o desenvolvimento
imediato de uma coloracio azul, de-
correnie da reacdo do amido com
uma a duas gdtas do iddo adiciona-
do. No caso de se efetuar a redu-
¢ido do Lletrationato a tiosulfato, nao
se vispalizard a reagio de amido
com o iddo, tendendo inclusive o
meio a adquirir uma tonalidade ama-
relada, resultante do excesso déste
altimo. Neste caso, a cultura é qua-
lificada como tetrationato-redutase
positiva e o consumo de iddo é de
cérca de 10 a 15 gotas (aproxima-
damente 0,25 a 0,3 ml),

RESULTADOS

O resultado do comportamento das 648
amostras de Salmonelia typhi, quanto a ca-
pacidade de reducgdo do tetrationato, de

Distribuicdo regional da tetrationato-redutase em (48 amostras de S. typhi

Tetrationato-Nedutasc
Estados .= Total
de origem das Positiva Negativa
amostras | ~ B B
No % Ne %o Neo %o

Bahia 248 953,01 13 4,99 261 40,27
Pernambuco 136 96,45 5 3,54 141 21,73
Guanabara o7 96,03 4 3,96 101 15,53
Séo Paulo 65 ’ 89,04 8 10,85 73 11,28
Estado do Rio 35 94,82 3 5,17 58 8,96
Minas Gerais 8 100,00 — — 8 1,24
Rio Grande do Sul 6 100,00 — — 6 0,93
Total 615 94,90 33 5,09 648 99,97
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acordo com a distribuicBo numérica e re-
gional, esta discriminado na Tabela L.

A analise da Tabela I demonstra a pre-
dominéncia de amostras possuidoras da ca-
pacidade de redugio do tetrationato, embo-
ra tenhamos, 2m determinadas areas, um ex-
pressivo niimero de bacilos tificos ndo re-
dutores, quando se estabelece uma compara-
¢do com a média obtida,

DISCUSSAO

As observagdes de NicoLLe & Le Minor 7,
resultantes do estudo de 1978 amostras de
Sclmonella typhi, evidenciaram a existéncia
de uma certa variacdo de distribuicdo geo-
grafica das amostiras, com reagbes positivas
¢ negativas, Assim, as culturas provenientes
de determinadas 4reas do continente euro-
peu e africano, na sua grande maioria, sio
possuidoras desta enzima. KEm contraposicio,
as do extremo oriente, principalmente do
Vietnam e Cambodge, revelaram equivalén-
cia nos resultados. Ilustram ainda que, em
céreca de 54 amostras isoladas na Argentina,
Chile e México, tddas foram capazes de redu-
zir o tetrationato e nas 10 amostras isoladas
na Guiana Francesa, notaram 40,09% de rea-
¢bes negativas. Contrastando com os resul-
tados obtidos na FEuropa, Papavassiiou &
col.®, em 24 amostras oriundas da Grécia,
obtiveram 16 positivas e 8 com reagdes ne-
gafivas.

GonzArLez Costa ', examinando 96 cultu-
ras de S. typhi, isoladas no Equador, teve
oportunidade de caracteriza-las como positi-
vas, na sua totalidade,

Em nosso levantamento, analisando os da-
dos encontrados de acordo com a Tabela I,
verifica-se a predomindncia de amostras re-
dutoras do teirationato, totalizando 615 cul-
turas ou 94,909, embora, na maioria dos
estados, observe-se amostras incapazes de
agir sdbre éste substrato, avaliados em

5,09% .

Nestas regides, pode ser de utilidade o
emprégo desta prova, principalmente se le-
varmos em conta que os outros meios para
a analise epidemiolégica ndo sejam perfei-
tamente esclarecedores, como ocorreria se
houvesse predomindncia de um ndmero mui-
to restrito de lisotipos Vi, ou se a tipifica-
¢do bioquimica, segundo Kristensen, indi-
casse apenas a presenca de um tipo fermen-
tativo.

Logicamente, um inquérito epidemiolégico
ndo devera se restringir aos dados obtidos

de uma dnica prova, mas nos resultados de
uma série de outros testes. Assim sendo,
pela facilidade de execugdo e interpretagio,
a pesquisa da tetrationato-redutase pode ser
considerada como um valioso meio auxiliar,
no estudo da incidéncia ou prevaléncia do
bacilo tifico em uma regido e, associado a
determinagfio dos tipos bioquimicos, é plena-
mente exequivel nos exames rotineiros dos
laboratérios regionais de Saude Publica, re-
servando-se a lisotipia Vi para os chamados
Laboratérios de Referéncia.

SUMMARY

Tetrathionate-reductase (TTR) in Salmo-
nella typhi cultures

The ability to reduce tetrathionate was
looked for in 648 sirains of S. typhi, {rom
different areas in Brazil. It was found pre-
sent in 94.909% and absent in 5.09% of the

strains.

The Authors suggest that the test should
be used in epidemiological studies in con-
junction with other criteria, as the test of
xylose and arabinose fermentation and Vi

phage typing.
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CONTAMINACAO DO SOLO DO ESTADO DO RIO DE JANEIRO

PELO

CLOSTRIDIUM TETANI

Il — Avaliacio da ocorréncia estacional do bacilo do tétano no solo

Walter Tavagres (1), Roched A. SeBa (2) & J. Rodrigues Coura (%)

RESUMO

Os Autores colheram amostras do solo de diversas regites do FEstado do Rio
de Janeiro, em diferentes estaces do ano, a fim de verificar se ocorre variacio

estacional na presenca do C. fetani no solo.

Observaram que em 260 amostras

colhidas na primavera a positividade foi de 30,4%; em 96 amostras colhidas
no verdo a positividade foi de 26,09%; em 130 amostras, durante o outono, a
positividade foi de 23,09 e nas 55 amostras colhidas no inverno a positividade

foi de 30,9%.

A anilise estatistica dos resultados revelou que a presenca do

hacilo tetanico, nas amostras colhidas no solo do Estado do Rio de Janeiro, nfo
sofreu variacio significativa com as estagbes do ano, havendo portanto, condigbes
para a populagio se infectar qualquer que seja a estacdo.

INTRODUCAO

Tem sido verificado por diversos Autores
que o C. tetani pode ser isolado do solo de
diferentes regides da Terra ®-% 7 *°, havendo
relacio entre o grau de contaminacio do
solo pelo bacilo e o indice de morbidade da
doenca. Assim, Damon & PayaBarL?, nos
Estados Unidos, encontraram o C. tetani em
10,5% das amostras de terra estudadas no
Estado de Maryland; LAvereNE & col.”, na
Franca, referem a positividade de 50,0%
na regido de Meurthe-et-Moselle, local de
alta incidéncia do tétano; SERGEEVA &
MATVEEY 1° encontraram diferentes percen-
tuais de positividade em amostras colhidas
em diversas regides da URSS e estabelece-
ram a correlagio enire a positividade e a
morbidade da doenca.

Em trabalho realizado anteriormente '2,
verificamos que o bacilo tetdnico é encon-
trado em alta freqiiéncia no solo do Esta-
do do Rio de Janeiro, tendo sido isolado

em 27,49 de 608 amostras de terra, colhi-
das durante a primavera, em diferentes re-
gides do Estado. Pudemos estabelecer a cor-
relagio entre o indice de morbidade da doen-
ca € a presenca do bacilo nos municipios
em que é dividido o Estado, sendo maior
a incidéncia do tétano em regibes onde o
bacilo foi isolado com maior freqiiéncia.

Em continuidade ao estudo da contami-
naglo do solo pelo C. tetani procuramos ve-
rificar se existe alguma influéncia estacional
sobre a presenga do bacilo tetdnico no solo.

MATERIAL E METODOS

Foram colhidas 541 amostras de solo de
diferentes municipios do Estado do Rio de
Janeiro, durante a primavera, verdo, outo-
no e inverno. As amostras foram colhidas
em frascos esterilizados, desde a superficie

Trabalho do Servico de Doencas Infecciosas e Parasitdrias do Hospital Universitdrio Antonio
Pedro (Fac. Medicina, Universidade Federal Fluminense) e do Instituto Vital Brazil, Niterdi,

Est. ‘do Rio de’ Janeiro, Brasil

(1) Assistente da Disciplina de Clinica de Doencas Infecciosas e Parasitdrias da Fac, Medicina da .
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do solo até uma profundidade de 3,0 a
5,0 cm. A presenca do C. tetani nas amos-
tras foi averiguada por cultura em anacro-
biose e testes biolégicos em camundongos.
Para realizagdo da cultura, pesouse 5,0 g
de terra e dissolveu-se em 10,0 ml de solu-
cao fisiolégica de cloreto de sédio, deixan-
do em repouso por 2 horas. Do sobrena-
dante, aspirou-se 0,5 ml que fol semeado
em meio de Tarozzi. A cultura ndo foi
submetida ao calor, pois é referida uma
menor produgdo de toxina em meio trata-
do pelo calor**. Apés 4 dias de cultura em
anaerobiose, foi inoculado 0,1 ml do sobre-
nadante da cultura em camundongos pesan-
do 18,0 a 20,0 g, por via intramuscular.
Os camundongos foram mantidos em obser-
vagdo por 4 dias, sendo registradas as mani-
festagbes de tétano nos animais. Nas amos-
tras que revelaram positividade para o ba-
cilo do tétano, procedeu-se a prova de neu-
tralizagdo, inoculando o material da cultura
em camundongos protegidos com 500 uni-
dades de séro antitetanico.

RESULTADOS

Os resultados das culturas das amostras
de solo estio relacionados .na Tabela 1.

Pode-se observar que a positividade do
Clostridium tetani, nas amostras de solo de
cada municipio estudado, sofreu variagdes
néo sendo possivel, entretanto, estabelecer a
influéncia estacional dentro de cada regifio.
O nlGmero de amostras colhidas em cada
municipio foi muito pequeno em relagdo a
area total, havendo assim, grande influén-
cia do acaso. No total de amostras colhidas
em cada estagfio, porém, verifica-se que ndo
houve variagdo significativa no percentual
de positividade para o bacilo tetanico.

A anélise estatistica dos resultados, apre-
sentada na Tabela II, demonstrou que a
positividade nas amosiras colhidas ndo so-
fren variagfo estacional, sendo aceita a hi-
poétese de igualdade nos resultados obtidos.

DISCUSSAO

Tem sido relatada por diversos = Auto-
res ¥ %3 uma incidéncia estacional do té-
tano, sendo referido maior nimero de casos
durante o verdo e primavera. Outros Au-
tores, contudo, ndo encontram incidéncia es-
tacional marcada, ocorrendo a doenca du-
‘rante todos' vs meses™ ®. Em nosso pals,
R. Verongst (Tese, Sdo Paulo, 1960) re-
_fere maior incidéncia durante a primavera;

G. Z. Louzapa (Tese, Pérto Alegre (RS),

TABELA I

Cultura de solo para demonstracdo do (. tetani
em diferentes estacdes do ano

Prima-| Verdao | Outo- In-

Municipio vera no verno
N/P* | N/P* | N/P* | N/P*

Araruama 12/2 —_ 8/0 3/0
Bom Jardim 10/3 8/2 7/4 2/2
Cach. Macacu 11/4 7/0 8/2 2/0
Campos 20/7 — 9/5 5/2
Cantagalo 14/3 8/2 7/3 2/0
Cas. de Abreu 11/1 — 6/1 4/3
Cordeiro 13/8 | 10/1 7/2 8/0
Duas Barras 9/2 /0 4/3 —_—
Dugue de Caxias 20/6 — 7/8 s
Itaborai 16/3 /1 7/0 1/1
Macaé 15/4 — 8/0 7/0
Magé 12/6 - 8/2 —
Niteroi 20/14 9/8 /2 14/7
Nova Friburgo 12/2 8/1 8/2 2/0
Rio Bonito 10/2 e 7/Q e
S30 Fidelis 11/5 -— 1 10/1 e
Sao0 Gonealo 15/5 7/3 — 3/2
S&0 Pedro d’Ald. 16/5 — 6/0 2/0
S4o Sebastido Alto 10/0 10/2 6/1 —
Terezépolis 3/0 5/4 — e
Trajano Morais 6/0 8/1 — —
Total das amostras | 260/79| 96/25]130/30| 55/17
Positividade 30,4% | 26,0%| 23,0%| 30,9%

* N = nUmero de amostras colhidas

P = numero de amostras positivas

TABELA II

An&lise estatistica pelo Teste
de Proporc¢oes

de Igualdade

Inverno X Verao

Inverno X Qutono

Inverno X Primavera

Primavera X Veréo

Primavera X Outono

Veréo X Outono

0,65
1,1
0,075
0,44
1,3
0,5
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1965) encontra alta incidéncia, tanto du-
rante o més de marco (verdo) como em
agbsto (inverno). Em nossa casuistica '*, ve-
rificamos que no Estado do Rio de Janeiro
o tétano ocorre durante todos os meses, nao
havendo predominio estacional.

A maior incidéncia do tétano nas esta-
¢oes quentes de determinadas regibes tem
sido explicada em funcdo de uma maior ati-
vidade da populagho junto a terra. Nos me-
ses quentes as criangas brincam descalgas,
usa-se menos roupa, os adulios exercem
maiores atividades em contacto com o solo
em passeios e divertimentos ¢ a atividade
agricola é malor ** (R. VeronEsi, Tese, Sdo
Paulo, 1960). Entretanto, nas regides cujas
caracteristicas climaticas de cada estagdo ndo
sio tdo bem definidas, a populacdo pode
exercer atividades em contacto com o solo
tanto no inverno e outono, como no verao
e primavera. Tal fato é o que ocorre
no Estado do Rio de Janeiro onde observa-
mos, ainda, que criangas e adultos da classe
social mais pobre andam descalgas com fre-
qiiéncia, independentemente da estagio do
ano, estando assim sujeitas aos riscos de fe-
rimentos.

Verificamos com éste trabalho, que o C.
tetani é encontrado em alto percentual em
todo o Estado e que sua presenca nas amos-
tras de solo, estudadas em diferentes esta-
¢des, ndo sofre variagdo significativa haven-
do, portanto, condigbes para a populagio se
infectar, qualquer que seja a estacio do ano.

SUMMARY

Soil contamination by Clostridium tetani in
Rio de Janeire State

The Authors collected soil samples from
several districts of Rio de Janeiro State,
Brazil, throughout the 4 seasons of the year,
in order to investigate the seasonal variation
of Clostridium tetani in the ground. Out
of the 260 samples collected in the spring
they observed that 30.49 were positive;
26.09% out of 96 collected in the summer;
23.09% out of the 130 collected in the au-
tomn and 30.9% out of 55 in the winter.
A statistical analysis shows that the presence
of tetanus bacillus in the soil of Rio de Ja-
neiro State does not suffer significant va-
riations with the seasons and the population
may become infected at any time of the
year.

AGRADECIMENTOS

Os Autores manifestam sua gratiddo ao
Sr. Jayme Antonio Amaral, técnico do Ins-

tituto Vital Brazil, pela contribui¢fo na rea-
lizagdo das culturas e testes biologicos e ao
Dr. Mauricio de Pinho Gama pela orienta-
¢do na andlise estatistica déste trabalho,

REFERENCIAS BIBLIOGRAFICAS

1. AMEZQUITA-URIAS, G. -—— El tetanos en
Mexico.  Higiene (Mex.), 16:123-170, 1964.

2. AXNICK, N, W. & ALEXANDER, E. R. —
Tetanus in the United States. Amer, J. pudl.
Hlth, 47:1493, 1957.

3. BESSEMANS, A. & MONTENY, V. — Sur
la flore bacteriénne anaerobe du sol en

Belgique. (. R. Soc. Biol. (Paris), 12%:361-
363, 1938.
4, DAMON, S. R. & PAYABAL, L. B, — Dis-

tribution of the spores of bacillus botulinus
and bacillus tetani in soil. J. infect. Dis,,
39:491-501, 1926.

5. DUBOVSKY, B. J. & MEYER, K. F. — The
ocurrence of B. tetant in soil and vege-
tables. J. infect. Dis., 31:614-616, 1922.

6. LAFORCE, F., M.; YOUNG, L. S. & BEN-
NET, J. V. — Tetanus in the United States
epidemiologic and clinical features. New
Engl. J. Med., 28:569, 1969.

7. LAVERGNE, 'V.; HELLUY, J. R. & FAI-
VRE, G. — Contribution a Vétude morpho-

logigue et bioclogique du C. tetani. Rev.
Immunol. (FParis), 13:315-324, 1949.

8. MASAR, I - Epidemiological problems of
tetanus in Slovakia. Inter. Conf. Tetanus,
2d, Bern, 1966. Bern, Huber — [c¢ 1967]
p. 57-60.

9. REY, M.; DIOP MAR, I, LAFAIX, C;

GUERIN, M. & SCHAAF, B. — Le tetanos
a Dakar, probleme de Sante Publique.
Bull. Fac. Méd. Pharm. Dakar, 1968.

10. SERGEEVA, T. I. & MATVEEV, K. I. —
Geografical distribution of . tetant in the

s0il of URSS. Inter. Conf. Tetanus, 2d,
Bern, 1966. Bern, Huber — [c¢ 1967]
p. T7-89.

11. TAVARES, W. — Estudo epidemioldgico do

tétano no Estado do Rio de Janeiro. Rio
de Janeiro, 1970 — 50 p.

12, TAVARES, W. & SEBA, R. A. — Conta-
minacdo do solo do Estado do Rio de Ja-
neiro pelo (. tetani., I. Relacdo com a
distribuicdo geografica do tétano. R. Soc.
bras. Med. trop., 4:331-343, 1970.

13. VITAL STATISTICS — Death from teta-
nus, Brit. med. J., 1:535, 1951.

Recebido para publicacdo em 4/12/1970.







Rev. Microbiol.
2(2):78-77, abril-junho, 1971

FREQUENCIA E IDENTIFICACAO DO HAEMOPHILUS VAGINALIS
ISOLADO DE VAGINITIS

Marcelo MacaLuZAes (1) & Adelma VERrRas (1)

RESUMO

Realizou-se um estudo sébre a bacteriologia das vaginites, tendo merecido
especial atenciio a freqiiéncia e identificagio do Haemophilus vaginalis.

De 448 culturas examinadas, o H. vaginalis foi isolado em 60 ocasifes
(13,4%). Em 42 casos, &le foi encontrado em cultura pura ou associado a mi-
crorganismos de flora normal ou de potencialidades patogénicas improvaveis. Nas
18 culturas restantes, o H. vaginalis apresentou-se em associagio com a Tricho-
monas sp. ou Candida albicans.

Resultados satisfatérios foram obtidos na diferenciagio do microrganismo,
de outras espécies de Haemophilus e de certas corinebactérias encontradas na va-
gina, em se fundamentando na capacidade e aspecto do crescimento das culturas
em caldo tioglicolato adicionado de sbéro de coelho, fatéres V e X, ou sem qual-
quer suplementagio. Por outro lado, quando a imunofluorescéncia foi empregada
com é&sse mesmo objetivo ndo houve sucesso, talvez devido & ocorréncia de di-
versos sorotipos de H. vaginalis, na regido.

INTRODUCAO

Desde o trabalho pioneiro de LropoLp *%,
s6bre o isolamento de um pequeno bacilo
Gram negativo de casos de vaginites ines-
pecificas, numerosas publicagbes surgiram
relacionadas com &sse importante problema
ginecolégico. Entretanto, existem ainda dis-
cordincias, na literatura, a respeito de as-
pectos fundamentais da questdo. Entre essas,
a freqiiéncia e significagfio clinica dos iso-
lamentos e a posigio taxonémica do micror-
ganismo sdo as mais evidentes.

Devido & Gram negatividade e a necessi-
dade de sangue nos melos de cultivo, o or-
ganismo foi incluido no género Haemophi-
lus e chamado de H. vaginalis **, embora
persistam dividas sdbre aquela caracteris-
tica citolégica e a exigéncia para os fatd-
res V e X nfo tenha sido demonstrada * %
Estes fatos proporcionaram a reclassificagio
do microrganismo, com o nome de Coryne-
bacterium vaginale ** 2,

Os indices de isolamento do H. vaginalis
variam em ampla faixa, de acdérdo com os
varios Autores. DOLL® ndo conseguiu isolar

nenhuma amostra entre 300 pacientes exami-
nados, enquanto GARDNER & DUKES*® obti-
veram 48,5% de culturas positivas entre os
291 casos estudados. Além disso, éstes in-
vestigadores isolaram também, o microrga-
nismo, da secrecio uretral de maridos de
pacientes portadoras de infecgbes recurrentes
e conseguiram infectar mulheres sadias com
o H. vaginalis, em cultura pura ®.

No presente trabalho, estuda-se a freqiién-
cia de H. vaginalis em nosso meio e suas re-
lagBes de isolamento com outros microrganis-
mos encontrados na vagina. Além disso,
procura-se desenvolver um método simples de
diferencia-lo de outras bactérias hemofilicas
e de certas corinebactérias vaginais inclassi-
ficadas, em se aproveitando variagbes em
exigéncias nutritivas e de estrutura anti-
génica.

MATERIAL E METODOS

O material compreendeu 560 corrimentos
vaginais obtidos de suspeitos de vaginites,
em sua maioria pacientes adultos. Os casos

(1) Departamento de Microbiologia, Faculdade de Medicina, Cidade Universitdria, Recife, Brasil
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provieram de diversos servigos particulares
de ginecologia, existentes no Recife. O ma-
terial foi colhido no préprio laboratério ou
nos consultorios especializados e conservado
em salina fisiologica. Apenas uma amostra
de cada paciente fol examinada.

Exame Microscépico

O exame direto foi realizado em prepa-
ragbes Gmidas para a detecgdo de Tricho-
monas sp. e em preparagdes coradas pelo
Gram para contrdle dos métodos culturais.

Isolamento das Culturas

O material patologico permaneceu em sa-
lina durante 1 a 4 horas, dependendo 8&sse
tempo do local da colheita, antes de ser ino-
culado nos seguintes meios de cultivo:

a) Meio de Casman?, modificado *°, espe-
cialmente dirigido para o isolamento do
H. vaginalis, embora permita o cresci-
mento de qualquer membro da flora
vaginal.

b) Meio de 4gar-sangue de carneiro, para
a detecgo de Streptococcus e de Sia-
phylococcus.

¢) Meio de Aagar-chocolate, para o isola-
mento de Neisserie e de Haemophilus.

d) Meio GC (Difco), enriquecido com
Hemoglobina e Suplemento C (Difco)
e contendo vancomicina e colistin, sele-
tivo para N. gonorrhoeae.

e) Meio de Levine, para o isolamento de
Enterobacteriaceae.

f) Meio de Sahouraud, adicionado de clo-
ranfenicol, seletivo para Candida.

Os meios de Casman, 4gar-chocolate e GC
foram incubados em atmosfera imida e rica
em CO. (candle jar). Nao houve qualquer
tentativa para o isolamento de bactérias do
grupo Mycoplasma.

Identificacio das Culturas

Na caracterizacio hacteriolégica do H. va-
ginalis considerou-se as descricoes de DUkes
& GarpNER? e as de Lapace . Desenvol-
veu-se ainda, um método simples para dis-
tinguir o H. vaginalis das verdadeiras bacté-
rias hemofilicas e de certas corinebactérias
vaginais. O método consistin em inocular
a cultura teste em caldo tioglicolato simples
(Fluid Thioglycollate, Difco), caldo tiogli-
colato contendo séro de coelho a 1,09 e
caldo tioglicolato suplementado com os fa-
tores V e X. Com o mesmo objetivo, em-
pregou-s¢ também a imunofluorescéncia di-

reta, tentando-se corar as culturas com um
conjugado anti-H. veginalis.

As colénias de N. gonorrhoeae foram rapi-
damente identificadas pela coloracio fluores-
cente *.

As amostras de C. albicans foram diferen-
ciadas de outras leveduras pela producio de
clamidésporos.

Os demais microrganismos foram identiti-
cados seguindo-se as instrucSes gerais conti-
das nos livros de microbiologia aplicada * *°,

As placas contendo meio de isolamento,
que apresentaram crescimento confluente de
Proteus foram prejudicadas e nfo conside-
radas na avaliagio dos resultados. Igual con-
ceito aplicou-se as culturas negativas, em
Casman, sob a suposi¢io do uso prévio de
antibacterianos tépicos ou colheita inadequa-
da do material.

RESULTADOS

Dos 504 espécimes examinados, 196 apre-
sentaram culturas de microrganismos po-
tencialmente patégenos: C. albicans 81
(44,39%) ; H. vaginalis 60 (30,6%); Tri-
chomonas sp. 51 (26,0%); N. gonorrhocae
4 (2,09%). Estes microrganismos, cventual-
mente isolados em cultura pura, geralmente
apresentaram-se associados entre si e a ou-
tras bactérias ubiquitirias na vagina normal
ou patologica (Tabelas T e II).

Em 252 casos nfo fol possivel a eviden-
ciagido de patdgenos vaginais e os microrga-
nismos mais encontrados foram, em ordem
decrescente: S. epidermidis, Corynebacte-
rium sp., Enterobacteriaceae, Lactobacillus,
S. aureus, Str. haemolyticus, Str. faecalis,
Candida sp., Neisseria sp., H. influenzae,
Pseudomonas sp. e Acinetobacter anitratum.

Nas Gltimas 56 culturas a avaliagcido nao foi
possivel. Em 49 ocasides, isso foi devido a
crescimento de Proteus e em 7 casos, a cul-
tura apresentou-se negativa. A Tabela III
evidencia uma diferenga significativa, quan-
to a ésses aspectos, na dependéncia da ori-
gem de colheita do material,

A maioria de nossas amostras de M. vagi-
nalis cresceu pobremente, ou ndo cresceu de
todo no 4agar-chocolate ou 4gar-sangue de
carneiro. Por outro lado, em meio de Cas-
man, a vegetagio foi luxuriante e apds 48 h.
as colénias se tornaram nitidamente distin-
tas, com uma tonalidade branca-acinzentada.

A produgdo de hemélise foi variavel, pare-

cendo depender mais de variagBes nas parti-
das do meio de cultivo, que de diferencas
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TABELA 1
Relacdes de isolamento entre agentes especificos de vaginites e organismos
de patogenicidade duvidosa
Agentes Total . X . Str. haemo- | Enterobac- H.
especificos de casos H. wvaginalis 8. aureus lyticus teriaceae influenzae
H. vaginalis 60 — 5 2 9 1
Trichomonas Sp. 51 12 5 7 15 1
C. albicans 81 6 12 6 24 o]
N. gonorrhoeae 4 0 1 0 1 0
TABELA II

Relaches de isolamento entre agentes especificos de vaginites e organismos de flora normal

Agentes Total Lactoba-~ Corynebac- S. epi- Str. Candida
especificos de casos cillus térium sp. dermidis faecalis sp.
H. vaginalis 60 11 23 43 3 4
Trichomonas Sp. 51 4 28 26 7 3
C. albicans 81 29 26 47 4 0
N. gonorrhoeae 4 0 2 2 0 0

TABELA III

Dados sobre o isolamento do H, vaginalis e culturas prejudicadas de
acordo com a proveniéncia dos espécimes

Culturas ndo avaliadas
Total de Culturas de i
culturas H. vaginalis
Proveniéncia Proteus Negativas
N.o % N.o % N.o %o N.o %
Laboratorio de Bacteriologia 375 74,4 44 11,7 44 11,7 2 0,5
Servico de Ginecologia 129 25,6 16 12,4 5 3,8 5 3,8

entre as amostras. Algumas culturas produ-
ziram hemélise do tipo alfa, enquanto outras
tornaram o meio castanho, sem qualquer in-
dicio de atividade hemolitica. Em caldo tio-
glicolato, o H. vaginalis cresceu exclusiva-
mente no meio contendo sdro. O cresci-
mento, inicialmente micro-aeréfilo, rapida-

mente estendeu-se & profundidade do meio
e apresentou-se caracteristicamente granula-
do (puff ball) . As culturas dos verdadei-
ros Haemophilus desenvolyeram-se, somente,
na presenga dos fatéres V e X, enquanto
as culturas de Corynebacterium, menos exi-
gentes, cresceram em todos os trés tipos de
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meio, embora mais exuberantemente nos

meios suplementados.

Néo houve éxito na tentativa da rapida
identificacdo do H. wvaginalis pela imuno-
fluorescéncia.  Apesar de nosso conjugado,
em elevada dilui¢do, haver corado intensa-
mente as amostras de /. vaginalis, usadas na
imunizago dos animais, foi incapaz de rea-
gir com 55,09% das culturas estudadas.

DISCUSSAQO

Os indices de infecgio vaginal pelo H.
vaginolis, presenlemente encontrados, mos-
tram que o microrganismo é relativamente
comum em nosso meio, quando comparado a
outros agentes considerados como responsa-
veis por vaginites. Todavia, em outras par-
tes do mundo, os indices de flcquenma sio
mais elevadosg 1%, 18,16 ¢ o microrganismo é
habitual, mesmo entre pessoas assintomati-
cas ®. Varidveis condigbes de higiene e de
habitos sexuais, entre os grupos investigados,
provavelmente contribuem para a obtencio
de resultados diferentes. A maioria dos in-
dividuos da presente série é de clinica pri-
vada; de habitos sexuais nfio promiscuos,
haja visto o pequeno nitmero de N. gonor-
rhoeae isolado; muitos déles, podem haver
apresentado corrimento vaginal devido a pro-
blemas nfo infecciosos.

De modo geral, é muito dificil estabelecer
a 51gn1f1(agao etiopatogénica de um micror-
ganismo, isolado de locais onde normalmen-
te existe rica flora microbiana. FEntretanto,
existem alguns fatos sugestivos da patogeni-
cidade vaginal do H. vaginalis. Entre éles,
a reprodugfio da vaginite em se empregando
cultivos * e o isolamento da bactéria em cul-
tura pura e abundante, de numerosos casos
de infec¢io vaginal, sdo os mais convincen-

tes. Na presente série, em 42 casos, pe
menos, o H, vagmalm podera ter sido o mi-

crorganismo maponsavel pela vaginite.

Do ponto de vista do diagnéstico micro-
biolégico, a principal dificuldade existente
na caracterizagio bacteriologica do H. ve-
ginalis é diferencia-lo dos verdadeiros Haemo-
philus e, principalmente, de certas corine-
bactérias inclassificadas da vagina. As cul-
turas originais de AmiEs & Jo¥NES ! eram,
na realidade, H. influenzae® ou H. aegyp-
tius *° e a frequéncia de bacilos difteréides,
em corrimentos vaginais e uretrais, é muito
elevada. Fssas dificuldades de identificacio
podem, eventualmente, levar
erros nos indices de freqiiéncia.

a  excessivos

Durante o exame de nossas culturas, dis-
tinguiu-se dois tipos de corinebactérias. Um
déles produziu colonias grandes, rugosas,
cresceu bem nos meios de isolamento e suas
células apresentaram-se fortemente Gram po-
sitivas e tipicamente corineformes, nfo pro-
porcionando qualquer problema diagnéstico.
O outro tipo, enlretanto, cresceu preferento-
mente em Casman, suas coldnias foram mui-
to semelhantes as do H. vaginalis e as células
bacterianas, embora Gram positivas, nfo
exibiram clavas. Por outro lado, diferente-
mente de certas amostras de H. vaginalis
que se apresentam Gram variiveis nos pri-
mo-cultivos, logo se tornando francamente
Gram negativas, aquelas corinebactérias per-
manecem Gram positivas, ou mostram gra-
nulos Gram positivos, no decorrer dos sul)—
cultivos, A distingio entre o H. wvaginalis
e essas corinebactérias é facilmente conse-
guida pela observacio do crescimento em
caldo tioglicolato simples e caldo tioglicolato
adicionado de sdro. Em muitos casos, essa
diferenciagiio foi substanciada pelo emprégo
da imunofluorescéncia direta. Infelizmente,
ésse rapido método de identificacio micro-
biolégica ndo pbde ser largamente utilizado,
porque uma fragdo ponderavel das cultu-
ras de H. vaginalis deixou de reagir com a
globulina fluorescente. Isso, provavelmente,
deveu-se a ocorréncia, no Recife, de varia-
dos sorotipos de H. vaginalis. Em outras re-
gibes, essa diversidade antigénica ndo parece
existir, desde que a imunofluorescéncia foi
comparavel & cultura, no diagnéstico das in-
fecgbes vaginais a H. vaginalis *'.

A notavel semelhanga entre o H. vaginalis
e determinadas corinebactérias inclassifica-
das, ao lado da nio ex1gencla para os fatores
V ¢ X, reforgam as opinides ™ *2 tendentes
a inclui-lo no género Corynebacterium. Na
Verdade7 é]e hﬂﬂ nodn ‘nPT‘mqnecel }\nr n}fnc
tempo entre as bactérias hemofilicas, contu-
do é mister novos estudos e o desenvolvi-
mento de novos métodos antes de decidir-se
em que grupo taxondémico o [, vaginalis deve
ser colocado.

SUMMARY

Frequence and identification of Haemophi-
lus vaginalis isolated from wvaginitis
g &

A Dbacteriological study on aetiology of
vaginitis was carried out and special impor-
tance was given to frequence and identifi-
cation of Haemophilus vaginalis.
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The H. vaginalis was isolated 60 times
(13.49%) from 448 cultures of vaginal dis
charges. It was found in pure cultures or
in association to microorganisms of the nor-
mal flora or bacterias of dubious pathogeni-
city in 42 cases. In the left 18 specimens
it was associated to the Trichomonas sp. or
Candida albicans.

Satisfactory results were obtained in the
differentiation of the microorganism from
other species of Haemophilus and some un-
classified corynebacteria ubiquitous of va-
gina, based on growth aspect and their
ability to propagate in fluid thioglycollate
media with rabbit serum, V and X factors,
or without any supplemmentation. On the
other hand, unsuccessful results were ob-
served when Immunofluorescence was used
to that purpose, presumably because many
serotypes of H. vaginalis must exist in our
region,
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THE INFLUENCE OF OXYGEN ON THE RESISTANCE
OF PSEUDOMONAS AERUGINOSA TO STREPTOMYCIN

Silvio Armando Corréa Camsa (1), Flavio ALTERTHUM (%)
& Lucio Penna de Carvalho Lima %)

SUMMARY

The action of streptomycin on resting cell suspensions of Pseudomonas aeru-
ginosa was studied in order to test the hypothesis that the drug enters the cell
by an active transport mechanism. This hypothesis was put forth to explain the
increased resistance of facultative organisms growing in anaerobic conditions.
The results show that prolonged aeration of the suspensions, prior to the addition

of streptomycin increase the resistance to the drug.

These results may be ex-

plained by assuming that aeration, by reducing the endogenous metabolism and
therefore the amount of available energy, also reduces significantly the amount

of streptomycin entering the cell,

INTRODUCTION

Bonpr et al. 2, in 1946, observed that the
antibacterial activity of streptomycin against
several microrganisms, whose growth was
favored by oxygen, was significantly reduced
upon incubation in anaerobiosis. They also
noted that the same result could be obtained
by the addition of reducing agents to the
test medium. To explain these results they
presented the hipothesis that streptomycin
blocked some oxidative enzymatic system in-
dispensable for organisms growing in aero-
biosis.

We have observed the same phenomenon
with Pseiidomonas aeruginosa, with one im-
portant difference: the interference of oxy-
gen is quite apparent with a strain with a
low level of resistance, whereas with highly
resistant strains no difference is observed
whether incubation is aerobic or anaerobic.
This fact is rather curious. If one of the
causes of death due to streptomycin is the
interference with respiration processes, there
should be a difference regardless of the re-
sistance level. Tentatively we put forth the
hypotesis that the increased activity of

streptomycin, in aerobic conditions, is due
to an increase in the transport of the drug
across the membrane. This would be quite
significant in microrganisms with a low
grade of resistance but might be comple-
tely masked in resistant strains where the
increase in the amount of the drug irans-
ported would have to bhe quite large to
have any effect.

To test this hypothesis, therefore, we
studied the activity of streptomycin upon a
resting cell suspension whose endogenous
respiration was progressively exhausted; in
other words we worked with different sus-
pensions having progressively smaller amounts
of available energy. If our hypothesis is
valid, the reduction of the endogenous acti-
vity should lead to an increased resistance
to streptomycin,

MATERIALS AND METHODS

Pseudomonas aeruginosa ATCC 7.700 was
used throughout. The culture medium was
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Oxoid’s Antibiotic Medium no. 3. Strepto-
mycin sulphate was employed in a buffered
solution (Sorensen’s phosphate buffer, pH
7.0) containing 780.0 mg/g.

The bacterial suspension was prepared in
the following way: a 24 hour culture was
centrifuged at 4.500 rpm for 10 minutes.
The supernatant was discarded and the cells
washed and ressuspended in the buffer so-
lution. The turbidity was adjusted to 6.0
N.U. in a Coleman Nephelometer, which cor-
responded to approximately 10% cells/ml.

From this suspension 0.1 ml were removed
and mixed with 9.9 ml of a buffered solu-
tion containing 100.0 mg/ml of streptomy-

CAMBA, S.

A. C. et al.

cin sulphate. From time to time samples
were removed for viable counts,

This experiment was repeated after the sus-
pension was aerated during 24, 48 and 168
hours to reduce endogenous metabolism.
Aeration was accomplished by shaking in a
New Brunswick rotatory shaker (240 rpm).
All counts were made in duplicate and con-
trol experiments without the antibiotic were
performed at the same time.

RESULTS

The results are presented in Fig, 1.

Previous aeration for
107 I~ No previous / ~ N\
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g aeration
105 hee
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o} | 2 3 4 5 5] 7 8
hours
Fig. 1 — Time survival curves for resting cell suspensions of Pseudomonas

aeruginosa to which 100.0 pg/ml of streptomycin were added and subjected
to varying degrees of prelimirary aeration.
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DISCUSSION

The results presented furnish a few facts
which merit discussion. In the first place it
is quite obvious that streptomyein is effective
in a resting cell suspension, the number of
viable cells being significantly reduced after
exposure to the drug. A small reduction is
apparent even in the absence of the drug.
This should be expected since a few cells
should die from starvation, although the
high level of resistance of Pseudomonas
acruginosa Keeps this reduction at a mi-
nimum.

After exposure to streptomycin, however,
the reduction in the viable number is quite
large but one notices a progressive decrease
in the efficiency of the drug when the
resting cell suspension is aerated before the
addition of the antibiotic. This should also
be expected for, as a rule, antibiotics are
active only when cells are metabolising. In
a recently prepared suspension there is a
sufficient amount of endogenous metaholism
to ensure this result. The reduction of en-
dogenous metabolism by prolonged aeration
would inhibit the action of the drug.

At this point however, a further conside-
ration must be made, If the drug enters
the cell by a passive mechanism, and atta-
ches itself to the ribosomes, as postulated by
several Authors ®-" % ° protein synthesis is
inhibited and the cells eventually die. This
being the case there should be no difference
between cells with large endogenous meta-
bolism and cells with low levels of endoge-
nous metabolism, since on further cultivation
the ribosomes coupled to the streptomycin
would remain inactive. In order to explain
our results, therefore, another mechanism
must be involved. In our opinion it is ne-
cessary to assume that streptomycin enters
the cell through an active transport mecha-
nism involving the expenditure of energy.
This being the case, the existence of a reaso-
nable amount of endogenous metabolism
furnishes the necessary energy for this pene-
tration.  Prolonged aeration reduces this
energy production to very low levels and the
amount of streptomycin entering the cells is
insufficient to attach itself 1o all of the ribo-
somes; aeration of the resting cell suspen-
sions, therefore, would lead to an increased
resistance to the drug.

Another aspect might be considered.
WaiTe & WHiTe ! studying the synergism
between streptomycin and puromycin suggest
that to be sensitive to the former, ribosomes

must be in a special sensitive state, They
suggest that the sensitive site is concealed
during protein synthesis, probably hy mes-
senger RNA. [f streptomycin enters the cell
passively, prolonged aeration, by reducing
protein synthesis, should render the cells
more sensitive to the antibiotic. Our results
show the opposite. There is no contradiction,
however, if one assumes that a smaller amount
of streptomycin enters the cell, in this condi-
tion, for lack of energy. Although more ri-
bosomes are sensitive, there is not enough
streptomycin to become attached to all of
them; therefore the cell survives,

This is also in good agreement with the
work of Pamve & Crarx ®, who showed that
killing of cells by streptomycin is most rapid
in the presence of glucose as substrate, less
rapid in the presence of glutamate and fu-
marate and least rapid in the absence of
added subsirate, and that killed cells could
not be revived by repeated washings in an
altempt to remove the streptomyein. Glu-
cose is a good source of energy thus favour-
ing the entrance of the drug and if the
streptomycin is attached to the ribosomes
and not merely adsorbed to the surface, as
suggested by BERKMAN et al.?, it cannot be
removed by washing. ’

RESUMO

A infiuéneia do oxigénio na resisténcie de
Pseudomonas aeruginosa a estreptomicing

Os Autores estudaram os efeitos de estrep-
tomicina em suspensdio ndo proliferante, de
Pseudomonas aeruginosa.  Verificaram que
ha um aumento da resisténcia a esireptomi-
cina, 4 medida que as células vo tendo sey
endbégeno progressivamente consumido.

Para explicar éste fato, os Autores pro-
poem um mecanismo de Ltransporte ativo,
intimamente relacionado com as disponibi-
lidades energéticas da célula.
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ANTI-RABIES REVACCINATION IN HUMANS

I — Effect of different schedules on individuals previously vaccinated

with 14 or more doses

Octavio Augusto Carvalho PEerEira (1, Ney CouTiNHO (%),
Terezinha RAPHAELIAN (3) & Antonella Gopbano (4)

SUMMARY

The Authors have studied the immune response in 87 cases of anti-rabies
revaccination. The patients had heen vaccinated before, within varying periods
of time and were submitted to different revaccination schedules.

The evaluation of results was done through the Complement Fixation Test
(CF) and, in some instances, also by Serum Neutralization Test (SN).

The time elapsed since the last vaccination does not have any influence on

the results, but the number of doses does.

A small percentage of the patients

revaccinated with a single dose did not respond, while the group having received
4 or 5 doses attained the maximal response.

INTRODUCTION

The proceeding to be followed for prophy-
laxis of rabies in patients not previously
vaccinated is well standardized and esta-
blished. But, when a patient previously
vaccinated is exposed to new contagion,
there frequently arise doubts as to the mea-
sures to be taken.

Based on what is known on immune res-
ponse, in general, the experts of the WHO ®
recommend to give just one booster dose in
cases of injuries considered as of slight se-
verity and 5 doses in more serious accidents.
They do recognize, however, that there are
no sufficient experimental data for a defi-
nite establishment of such proceeding.

CoHEN et al.® have noticed rapid and
intense elevation of the antibody titers with
the employment of one single booster dose
in individuals vaccinated 1 year before, some
of which still showed appreciable levels at
the time of revaccination,

Le BerL et al.* and PEREiRa et al.®
observed more intense, precocious and last-
ing responses in cases of revaccination than
in primarily vaccinated individuals,

The object of the present paper is to pre-
senlt the results obtained with revaccination
of a number of cases, all having been vacci-
nated before with series of 14 or more doses.

We have attempted to study the effect
of different schedules and the influence
which the time elapsed since the last con-
tact with the antigen, might have on the
immunologic response.

The evaluation of this response was made
through the CF test, the correlation of
which with the classical SN has been de-
monstrated in a previous paper °. Whenever
possible and according to availability of
mice, we have done the SN in order to
test such correlation.
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MATHERIALS AND METHODS

1)  Patients

Eighty-seven patients were selected, all
with a past history of anti-rabies vaccination
but  without antibodies detectable through
CF. Of this group, 11 had heen vaccinated
from 6 to 12 months before; 32 between 1
and 3 years; 14 vaccinated 3-5 years before;
15, 5-10 years before and 15, over 10 years
before.

of revaccination, and the second 20-25 days
afterwards. Only patients which were nega-
tive by CF, before revaccination, were in-
cluded in the experiment.

The sera were separated in sterile condi-
tions and kept at —25°C until used.

3) Complement Fixation Test (CF)

The technique employed was that des-
cribed by Prreira et al.?®,

TABLE I

Complement fixing antibodies in human sera colleted after anti-rabies revaccination

Titer by CF
Last No. of
Vaccination Doses Total
— 2 4 >4

6-12 months 1 8 8

2-3 1 1

4-5 2 2

1-3 years 1 3 3 2 11 19

2-3 1 3 4

4-5 9 9

3-5 years 1 1 (57 7

2-3 4 4

4-5 3 3

5-10 years 1 3 3

2-3 4 4

4-5 8 8

over 10 years 1 1 1 2

2-3 1 1 1 3

4-5 2 8 10

Total 3 6 6 72 87

Vaccines of the Frrmi, SEMPLE, and
FuenzavLipa & Pavacios types had been
employed at the primary vaccination, and
in some instances this information could not
be obtained.

Revaccination was always done with the

Fuenzavia & Pavacios type vaccine. The
number of doses varied and their distribu-

tion can be seen on Tables T and TI.
2} Sera

Two blood samples were taken from each
patient: the first on the day of the beginning

TABLE II

Medium titer of complement fixing antibodies
according to the number of doses after
anti-rabies revaccination

Number Pt Medium Titer
of Doses Patlents by CF

L 39 28.8

2-3 16 66.7

4-5 32 84.5
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4)  Serum Neutralization Test (SN)

This was done according to ATANasIU?
using the CVS strain.

RESULTS

Of the 87 cases, an immune response,
detectable through CF, was obtained in 84
(96.8%). The other 3 patients (3.5%)
belong to the group having received a single
booster dose, all of them vaccinated for the
first time between 1 and 3 years before.

In 72 cases (82.7%) we found antibody
titers above 4, while 12 (13.7%) showed 2
or 4. These results are summarized on

Table 1.

The SN test was done with 39 sera, all
of them corresponding to the 2nd collection
(20-25 days after revaccination). These
were divided into 2 groups according to the
availability of animals, 60 and 38 LDj;,
having been obtained in the virus titrations,

Of the 3 sera which were negative by
CF, 2 were submitted to SN, showing titers
of 17 and 33. All others (positive by CF)
showed neutralizing titers above 48. The
general distribution of the results appears

on Table III.

terature % ® and with what is generally

known about antigenic stimulation. Howe-
ver, we found some patients whose response
could not be considered satisfactory. The
incidence was small (3 in 87) and all be-
longed to the group which had been re-
vaccinated with a single dose. It is to be
remarked, however, that the other 36 pa-
tients submitted to the same schedule show-
ed an effective response.

As can be observed on Table II, there
occurred a heightening of the medium titer
of complement fixing antibodies when a lar-
ger number of doses was given. But even
the titer 28.8 obtained with a single dose
is about 3 times higher than the medium
titer obtined in the primary vaccination by
PEREIRA et al.®.

With 2-3 doses we have always found
detectable aniibodies, and with 4-5 they
consistently presented a titer equal to (2
cases) or above 4 (30 cases), as can be seen
on Table I. The medium titer of this latter
group (84.3) is practically the same as
obtained by PErmirA et al.® for individuals
revaccinated with 10-14 doses, ie., 89.8.
Thus, it does not seem necessary to employ
series of more than 5 doses, which would
only increase the risk of a neuroparalytic
accident, the incidence of which is strongly

TABLE I11

Relationship between titer of complement fixing and neutralizing antibodies
after anti-rabies revaccination

\ CF
T~ — 4 > 4 Total
\\\
SN - T i
< 25 1 1
25 to 125 1 1 6
> 125 5 25 32
Total 2 6 25 39

DISCUSSION

The results obtained show that the res-
ponse to a second stimulation through anti-
rabies vaccine on the whole is very effi-
cient, in consistence with the specialized li-

influenced by the number of doses employed,
according to APPELBAUM et al.®.

The time elapsed since the last vaccination
does mnot seem to have any influence, and
even patients vaccinated over 10 years
before showed effective response. In this
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group there was one patient who had been
vaccinated 40 years earlier and who attained
the titer 32 by CF, after revaccination with
4 doses.

The results of the 39 sera in which SN
was performed agree with the correlation
established between this reaction and the
CF s,

In short, it seems to us quite clear that
anti-rabies revaccination can be carried out
with a small number of doses, but that a
single dose may produce faulty results. Of
course we have no proof that the primary
vaccination in these cases has stimulated an
immune response, but in the routine of anti-
rabies services this verification is not done.

The checking of results of revaccination
with few doses should therefore be done
sistematically, specially when a single booster
dose is used and it seems to us that the CF
test, for its quickness and good correlation
with the SN, is apt to offer the security
desired.

RESUMO

Revacinagio anti-rébica humana. 1. O Efei-
fo de diferentes protocolos em indwiduos va-
cinados anteriormente com 14 ou mais doses

Os Autores estudaram a resposta imune
em 87 casos de revacinacdo anti-rabica. Os
pacientes haviam sido vacinados ha diferen-
tes periodos de tempo e foram submetidos
a diferentes protocolos na revacinagdo.

A avaliagio dos resultados foi feita por
Fixagio de Complemento (FC) e, em algu-
mas ocasifes, também por Sb6ro-Neutraliza-

cdo {SN).

Concluem que o tempo decorrido desde a
ultimo vacinacdo nfo influiu nos resultados,
mas que o nimero de doses sim. Numa
pequena porcentagem dos pacientes revaci-
nados com dose Unica nfo houve resposta,
enquanto o grupo que recebeu 4 ou 5 doses
atingiu a resposta maxima.
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A COMPARISON BETWEEN THE LOWENSTEIN-JENSEN AND
AND AMERICAN TRUDEAU SOCIETY CULTURE MEDIA FOR
ISOLATION OF TUBERCLE BACILLI IN PATHOLOGICAL
'SPECIMENS NEGATIVE TO MICROSCOPIC EXAMINATION

Ezequiel Warseicu (), Luiz Roberto Viana FERNANDES (2)
& Alexandre La Rocca Rossi (8)

SUMMARY

In comparative studies of culture media for the primary isolation of tubercle
bacilli from pathological material, it is of fundamental importance to work with
paucibacillary specimens. In this experiment, we compared results obtained in
1432 positive cultures of some pathological samples which had been negative to
microscopical examination. The Lowenstein-Jensen culiure medium was shown
to be statistically superior to the American Trudeau Society medium in every
way, but for the contamination aspect. However, our results show the conve-
nience of utilizing more than a single culture medium for the isolation of tuber-
cle bacilli.

INTRODUCTION

A number of culture media devised mainly
for the primary isolation of tubercle ba-
cilli 2°, among other uses, are described
in the current literature. Several of these
more recent culture media seem to be pro-
mising in promoting a quicker growth of
Koch’s bacillus. However, since the methods
and media used depend on the facilities
available, they have not been extensively
studied in laboratories. In such conditions,
egg media of various compositions seem to
be the most utilized ones, for reasons pointed
out by Cummines®. According to this Au-
thor, the ideal media should have the fol-
lowing characteristics:

1) Support the rapid growth of a small
number of tubercle bacilli.

2) Permit the easy differentiation between
pathogenic and nonpathogenic acid-fast

bacilli, through the morphology of the

colonies,

3) Inhibit the growth of contaminating
microorganisms.

4) Be simple in preparation, utilizing readly
available ingredients.

Among these egg media the most widely
used are the Lowenstein-Jensen (L-J) and

the American Trudeau Society (ATS).

In our laboratory we have used during a
long time exactly these particular two cul-
ture media, based on the fact that more than
one single type medium should be used si-
multaneously for routine diagnosis of tuber-
cle bacilli., However, in view of the pro-
mising reports about modern types of media,
we have outlined a research project on the
simultaneous testing of some of them.
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Since, in the pertinent publications, many
of comparisons between two media have
employed laboratory sirains or only a small
number of specimens and as we have con-
sidered only pathological specimens which
had been negative to microscopic examina-
tion, we believe that our results represent a
good contribation to the problem.

MATERIALS AND METHODS

The specimens tested were sputum, gastric
and tracheo-bronchial washings, from out-pa-
tients that were sent to us for diagnosis,
treatment control and post-cure control. Tt
is important fo stress that only samples, ne-
gative to microscopic examination by the
Zichl-Neelsen method, were used in the pre-
sent study. To prepare the concentrates,
4.09% NaOH containing 0.004% phenol red
as an indicator was added to each sputa in
equivalent volumes, and to the other speci-
mens, in the proportion of 1:10. The sam-
ples were then shaken at room temperature
during 20 to 30 minutes depending upon the
solubility of the material. Centrifuging was
at 2000 r.p.m., during 15 minutes. The su-
pernatant fluid of each specimen was then
poured off and the sediment neutralized with
4.09 HCL. A fresh sterile cotton swab was
used to streak each tube of medium with
the concenlrate. The swab containing the
inoculum was rotated as it was streaked up
and down the medium slant. The same me-
thod was employed using 2 tubes of Ldwen-
stein-Jensen medium and 2 tubes of the
American Trudeau Society medium. The
seeding order of the different media varied.
Cultures were incubated at 37°C and were
considered negative when colonies were not
visible after 60 days of observation through

a magnifying glass. They were considered
positive when the colonies were morphologi-
cally typical for M. tuberculosis and showed
characteristic acid-fast bacilli in
smears. In doubtful cases, microscopic
mination and biochemical studies were

ried outk,

stained
exa-
car-
The positivity of the cultures was
recorded as follows:

1 to 10 colonies

~- 11 to 50 colonies
—— 51 to 100 colonies

— more than 100 colonies

E, et al

The statistical method we utilized was that

of the comparison between two proportions.
dif

= —

o (dif)

We used the “csi” value

We adopted the following statistical con-
vention:

a) (?) — possibly significant

by (¥} — significant

¢)  {**) — highly significant

d) (***) — high statistical certainty

RESULTS

To detect tubercle bacilli in some patholo-
gical specimens 13361 cultures were made.
We employed 9008 sputa, 3536 tracheobron-
chial washings and 817 gastric washings on
Léwenstein-Jensen and American Trudeau
Society media. On Table I we present the
general analysis of our results.

1432 cultures were positive, i.e., 10.7%.
The comparison of the positivity observed in
each medium, with reference to the 1432
positive specimens, showed that 986 out of
them, i.e., 68.9%, were positive in both me-
dia. 264 (18.49%) were positive only in
the L-J medium and 182 (12.7%) showed
positivity in the ATS and were negative
in the L-J. Therefore, while 1250 (87.3%)
specimens were positive in the L-J, in the
ATS medium the number of positive speci-

mens was 1168 (81.6%). Such informa-
tion represent high statistical certainty
(£ = 451 ***) p << 0.1%. Neverthe-

less, such results still point to the conve-
nience of utilizing more than one culture
medium for the isolation of tubercle bacilli.

The

2 0e n

number of pos e
as follows: 2186 (51.99%) in the L-J me-
dium and 2023 (48.19%) in the ATS me-
dium, which also represents high statistical
certainty (£ = 3.6 **¥*), p << 01%.
As Table I shows, there was an apparent
tendency of better growth in the L-J me-
dinm, as compared with ATS. The conta-
mination was relatively low in both media,
no statistical differences being noted.

DISCUSSION

When we try to comparc the efficacy of
culture media for the primary isolation of
tubercle bacilli from pathologic materials,
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TABLE 1
Comparison between the LoOwenstein-Jensen and American Trudeau Society Culture
media for the primary isolation of Mycobacterium tuberculosis
Number Per Cent
A — General Analysis of Specimens
Total of specimens 13351 100.0
Total of positive specimens 1432 10.7
Total of contaminated specimens 107 0.8
B — Comparison of Positivity
Total of positive specimens 1432 100.0
Positive L-J, positive ATS 986 68.9
Positive L-J, negative ATS 264 18.4
Negative L-J, positive ATS 182 127
Total of positive specimens L-J 1259 87.3
Total of positive specimens ATS 1168 81.6
Total of positive culture media tubes 4200 100.0
Total of positive tubes L-J 218G 51.9
Tocal of positive tubes ATS 2525 48.1.
C — Comparison of Amount of Growth
L-J No. % ATS No. %
+ 1004 45.9 + 1005 407
++ 370 16.9 ++ 332 16.7
+ 4 373 17.1 + 4 325 16.1
+ A+ 439 201 + o+t 354 17.5
Total 2185 100.0 Total 2023 1080
D — Comparison of Contamination
Total of tubes each medium 20722 100.0
Total of tubes contaminated L-J 2535 .3
Total of tubes contaminated ATS 3335 1.2

especially for diagnostic purposes, a very
important fact has to be considered, i.c., to
test paucibacillary materials, Reviewing the
literature, we did not find comparative
studies on the Lowenstein-Jensen and the
American Trudeau Society media, involving
any large numbers of samples. We have
also verified that in a number of these in-
vestigations, laboratory strains or omly a
small number of specimens were employed.
Since there are some conflicting reports
about the evaluation of the various culture
media described, and since it is fundamen-
tal that in mycobacteriology laboratories
cach worker shares his personal experience,
we decided to publish our results, Further-
more, we have tested only those pathologi-
cal specimens which were negative ‘to Ziehl-

Neclsen examination, a condition we con-
sider of fundamental importance when the
efficacy of culture media for primary iso-
lation of tubercle bacilli, is aimed. Howe-
ver, it is neccasary to recall that the present
study was performed under routine labora-
tory conditions and that the results presented
must be interpreted from this point of view.
Morcover, an important information supplied
to the clinicians, namely, the developing
time of the colonies, was not always recorded
by us. This is a most regretiable fact. It
should be pointed out that no statistical
differences were observed between the various
types of specimens, that being the reason for
our summarizing in a single Table, the whole
of our results,
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In our experience, the Lowenstein-Jensen
has proved to be better than the American
Trudeau Society culture medium in the yield
of positive results, but its contamination rate
was slightly higher. The low percentage of

~culture positivity was perhaps related to the

sclection of the patients. On the other hand,
relatively low percentage of contaminated
cultures probably shows that we employed
drastic methods of decontamination. Proce-
dures that are less toxic to mycobacteria are
now under study in our laboratory. In such
conditions we hope to obtain better results
very soon. Just like other investigators, we
observed with more frequency a large num-
ber of atypical colonies on the tubes with
the American Trudeau Society medium,
which tended to be moist and creamy and
often required microscopical examination,
virulence tests, and biochemical proofs to
determine whether or not they were tubercle
bacilli, acid fast saprophytes or only conta-
mination.  On Loweustein-Jensen medium
the colonies more {requently dry,
rough, and friable, and were easier to dif-
ferentiate from acid-fast saprophytes. Now-
adays, however, with the progress of che-
motherapy, we have more difficulties con-
cerning to typical colonial morphology.

were

RESUMO

Comparagdo entre os meios de cultura de

Léwenstein-Jensen e American Trudeau So-

ciety, no isolamento do bacilo da tuberculose

de materiais patolégicos negativos ao exame
* microscopico.

Quando se trata da comparagio de meios
de cultura para o isolamento do bacilo da
tuberculose de materiais patologicos, consi-
deramos de fundamental importancia traba-
lhar com amostras paucibacilares. Nesta ex-
periéncia nés comparamos os resultados obti-
dos em 1432 culturas positivas, de alguns
maleriais patologicos que se revelaram nega-
tivos ao exame microscépico. O meio de
cultura de Lowenstein-Jensen, em relacio ao
meio de cultura da American Trudeau So-
ciety, mostrou-se estatisticamente superior em
todos os aspectos, com exceglo da contami-
nagiio. Fniretanto, os nossos resultados mos-
tram a conveniéncia da utilizagdo de mais
de um meio de cultura para o isolamento
do bacilo da tuberculose.
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RESISTENCIA DO PARACOCCIDIOIDES BRASILIENSIS,
“IN VITRO”, A ANFOTERICINA B

Aurélia Lopes CaSTRILLON (1) & Paulo Suyoshi MiNnamiI (2)

RESUMO

O desenvolvimento de resisténcia & anfotericina B, por 4 amostras levedu-
riformes de Paracoccidioides brastliensis, foi estudado pela técnica de gradientes
de Szybalski, em placas e tubos de meio contendo concentracbes crescentes da

droga.

Apos sucessivas passagens em concentragbes crescentes obteve-se culturas re-
sistentes a 200,0 ng de anfotericina B por ml de mcio.

INTRODUCAO

A anfotericina B é um polieno com estru-
tura semelhante & da nistatina, candidina e
pimaricina, com boa atividade contra fungos
patogénicos.

A sensibilidade do Paracoccidioides bra-
siliensis aos antibiélicos é muito pequena.
A anfotericina B é um dos poucos ativos
contra éste fungo e é utilizada no tratamen-
to da blastomicose sul-americana, moléstia
por éle causada 5 ¢ (S. A. P. Samparo ——
Tese, Sao Paulo, Fac., Med. Univ. de Sao
Paulo, 1960)}. Segundo Lacaz & col. 7, essa
droga inibe, *‘in vitro”, o crescimento da
fase leveduriforme do Paracoccidioides bra-
stliensis, nas concentragdes de 0,1 a 0,6
pg/ml de meio. A anfotericina pode atin-
gir, apds inje¢do endovenosa, concentragdes
no séro humano de até 2,01 ug/ml, sendo
obtidas concentragoes médias de 1,21, 0,62
e 0,32 apés 1 h,, 18 h. e 42 h., respecti-
vamente.

Estudos sobre a resisténcia dos fungos pa-
togénicos aos antibiéticos vém sendo feitos
por varios Autores.

Stour & Pacano®® demonstraram que
uma em 5 amosiras de Candida albicans era
resistente & nistatina e outros polienos. Re-
ciprocamente, amostras resistentes a outros
polienos tornaram-se resistentes a nistatina.

Littvan & col.® estudaram 6 espécies
de Candide (uma amostra de cada) para
obter resisténcia & nistatina e anfotericina B.
A amostra de Candida albicans foi sensivel.
Candida tropicalis, Candida guilliermondii,
Candida krusei ¢ Candida stellatoidea desen-
volveram resisténcia as duas drogas, enquan-
to a C. parakruset mostrou-se resistente so-
mente a anfotericina B.

SOoReNSEN & col.?, empregando a anfote-
ricina B, selecionou amostras resistentes de
Candida albicans e Coccidioides immitis. As
resistentes a anfotericina B tornaram-se re-
sistentes a nistatina e nfio & pimaricina.

HeBEkKA & SOLOTOROVSKY ® conseguiram
obter amostras de C. albicans resistentes a
candidina e anfotericina B, havendo resis-
téncia cruzada entre éstes dois polienos,

Estudando amostras de Cryptococcus neo-
formans BopenHOFF * induziu facilmente re-
sistencia de 5 delas a nistatina e & anfoteri-
cina B, menos facilmente a tricomicina e
polimixina B. Duas amostras, em 3 vesis-
tentes & nistatina, mostraram-se com resis-
téncia cruzada aumentada & anfotericina B,
enquanto que resisténcia cruzada a nistatina
foi observada nas 3 amostras resistentes a
anfotericina B.

(1) Bolsista do Conselho Nacional de Pesquisas junto ao Departamento de Microhbiologia e Imuno-
logia do Instituto de Ciéncias Biomédicas da Universidade de Sdo Paulo
(2) Professor Assistente Doutor do Instituto de Medicina Tropical de S&0 Paulo da Faculdade
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de Ciéncias Farmacéuticas da U.S.P.

e do Departamento de Anélises Clinicas e Toxicologicas da Faculdade
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Pela importancia que representa a anfo-
tericina B no tratamento da blastomicosc
sul-americana, torna-se necessario conhecer
adequadamente o desenvolvimento da resis-
téncia do Paracoccidiotides brasiliensis a re-
ferida droga.

MATERIAL E METODOS

Usamos 4 amostras de Paracoccidioides
brasiliensis (n.°s 8, 13, 175 e SN) da Mi-
coteca do Departamento de Microbiologia e
Imunologia do Instituto de Ciéncias Biomé-
dicas da Universidade de Sao Paulo. As
culturas foram transformadas em leveduri-
formes por passagens sucessivas no meio de
Brain Heart Infusion Agar a 37°C e exa-
minadas ao icroscépio para comprovar a
transformacdo,

Foi utilizada a anfotericina B, produto
comercialmente conhecido como Fungizon

(Squibb).

Empregamos o melo de Brain Heart In-
preg

fusion Agar enriquecido com extrato de le-
vedura, com a seguinte {ormula:

Brain Heart Infusion desidra-

tado (Oxoid) .............. 37,0 g
Extrato de levedura ......... 10 g
Agar (Difco)y ................ 150 g
Agua destilada .............. 1000,0 ml

Ajustar o pH a 74.
Autoclavar a 120°C durante 20 min.

A técnica de gradiente de Szybalski™
fol utilizada nas primeiras passagens usan-
do-se o meio anteriormente referido.

A soluggo da droga continha 50,0 mg de
anfotericina B diluida em 10,0 ml de agua
destilada estéril, preparada no momento do
uso.

As placas continham 15,0 ml de meio ser
droga na camada inferior
com droga na camada superior. Lram con-
servadas em estufa durante duas horas para
eliminar a agua de condensagio e, imediata-
mente apos, semeadas,

A solugio de anfotericina B, nos volumes
de 0,05, 0,1, 0,5 e 1,0 ml, foi acrescentada
ao meio fundido a mais ou menos 45°C,; dan-
do no final 100,0 ml de meio com droga,
com as seguinies concentragbes finais: 2,5,
5,0, 10,0, 100,0 ¢ 200,0 png/ml nos tubos.
As placas foram semeadas com suspensbes
salinas leveduriformes de P. brasiliensis es-
palhando-se o indculo por téda a superlicie
do meio. Os tubos foram semeados colocan-
do-se o indculo em 3 ou 4 pontos da super-

& MINAMI, P. S.

ficie do meio. Em seguida, as placas e os

tubos foram incubados a 37°C

RESULTADOS

Com a técnica de Szybalski foi possivel
selecionar 3 amostras de Paracoccidioides

brasiliensis resistentes a anfotericina B.

A amostra 13 cresceu Iniclalmente nas
placas de gradiente com 2,5 ¢ 5,0 pg/ml,
apos 13 dias. Na segunda, houve cresci-
mento até 10,0 pg/ml aos 15 dias. Na ter-
ceira passagem, observou-se bom crescimen-
to até 25,0 pg/ml e menor em 50,0 ug/ml
(Tabela 1). Coldnias desta fltima concentra-
cao foram trausferidas sucessivamente em
tubos contendo 50,0, 100,0, 150,0 e 200,0
ng/ml, verificando-se crescimento regular.
A cultura matriz filamentosa e levedurifor-
me foi repicada nos tubos com 50,0, 100,0
e 200,0 pg/ml, sem nenhum crescimento.
A forma resistente a 200,0 ug/ml ndo apre-
sentou dependéncia a droga, crescendo bem
no meio sem droga.

A amostra SN cresceu inicialmente em
placas contendo 2,5, 5,0 ¢ 10,0 ug/ml, na
segunda passagem em 2.5 e 5,0 pg/ml e na
terceira até 50,0 wg/ml. A partir desta
concentragdo, as culturas repicadas sucessi-
vamente no stubos contendo 50,0, 100,0 e
200,0 pg/ml apresentaram crescimento. A
cultura matriz filamentosa e leveduriforme
nao desenvolveu quando repicada nas concen-
tragbes acima. N&o foi observada a depen-
déncia a droga.

A amostra 8, apés 4 tentativas negativas,
cresceu no gradiente de Szybalski contendo
2,5, 10,0 e 50,0 pg/ml, ndo desenvolvendo
em 5,0 e 25,0 pg/ml. Na passagem seguin-
te, houve crescimento em 2,5, 5,0, 25,0 e
50,0 ug/ml. A partir dessa concentracio
a amostra foi repicada sucessivamente em

TAN N n

00,0, 150,0 ¢ 200,0 pg/mi, com crescimen-
to. A cultura-mfe n8c cresceu nos tubos
com droga a 100,0, 150,0 ¢ 200,0 pg/ml.
A amostra 175, na primeira passagem,
cresceu sdomente na placa de 2,5 pg/ml. Na
segunda passagem, houve crescimento nas
placas com 2,5, 5,0, 10,0, 25,0 e 50,0 pug/ml.
A partiv desta tltima concentracio foi repi-
cada sucessivamente em 50,0, 100,0, 150,0
e 200,0 pg/ml, com crescimento. A cultu-
ra-mée ndo cresceu nos tubos com droga.

DISCUSSAO

As observacdes feitas por Stour & Paca-
No ™ SorenseEN & col. ® e LiTtman & col. ¥,
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TABELA I

Crescimento das amostras de Paracoccidioides brasiliensis nas passagens em meios gradientes

Concentracdes de anfotericina B em placas gradientes
de Szybalski (pg/ml)
Amostras N Passagens
2,5 5,0 10,0 25,0 50,0
+ + - - - 1.0
13 + [ + + - - 2.0
30
+ + + - - 1.0
SN + + - - - 2.0
+ + - + + 3.0
8 + - + - + 1.0
+ + - + + 2.0
+ - - - - 1.0
175
+ + + + + 2.0

+ Com crescimento.

— Auséncia de crescimento,

que estudaram antibiéticos como a nistatina,
anfotericina B, polimixina, etc., conseguindo
desenvolver linhagens de Candida albicans e
outras Candidas, Cryptococcus neoformans e
Coccidioides immitis, o presente trabalho
acrescenta estudos demonstrando a existéncia
de formas resistentes de Paracoccidioides
brasiliensis, & anfotericina B.

Tendo sido utilizadas anteriormente técni-
cas em meio liquido com dilui¢bes gradua-
das de droga e de Szybalski, demos prefe-
réncia a esta oltima, pela facilidade e cla-
reza nos resultados. Tomou-se o cuidado
de diluir a droga em temperatura proxima
a da solidificacio do &4gar e também de
usar placas, tubos e solugbes recentemente
preparadas, a fim de evitar possivel inati-
vacio da droga.

As amostras matrizes, tanto a filamentosa
como a leveduriforme, por precaugdo, foram
semeadas em meio contendo anfotericina B,
nas concentracbes de 50,0, 100,0, 150,0 ¢
200,0 pg/ml. Nao se observou crescimento,
sendo isto esperado, pois a droga age cm
baixas concentragbes, como observaram La-

caz & col.”. As amostras cresceram bem
em meio isento de droga.

Note-se que na primeira passagem em
gradiente, como no caso da amostra 13, o
fungo crescen nas placas contendo baixas
concentragdes de anfotericina B (2,5 pg/ml)
aumentando na segunda e terceira passa-
gens. Na Gltima passagem, observou-se cres-
cimento nos tubos contendo anfotericina B,
nas concentracbes crescentes de 50,0, 100,0,
150,0 e 200,0 pg/ml, quando repicadas su-

cessivamente,

Tendo BopenHorr* observado que o
Cryptococcus neoformans tornou-se depen-
dente da polimixina B, tentamos obter o
mesmo resultado com o Paracoccidioides bra-
siliensis em relacdo a anfotericina B, porém
infrutiferamente.

A demonstracio de resisténcia, “in vitro”,
do Paracoccidioides brasiliensis a anfotericina
B leva-nos a pensar no possivel aparecimento
de formas resistentes nos doentes tratados
com a droga, pois alguns déles, submetidos
a essa terapéutica, ndo apresentam melhora
e outros apresentam recidiva,
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SUMMARY

The resistance of Paracoccidioides brasilien-

sis to amphotericin B “in wviiro”

The development of the resistance of 4

Paracoccidioides brasiliensis strains to am-
photericin B was “investigated by the Szy-
balski gradient technic and in tubes with
progressive concentrations of the drug.

After making subcultures in increasing

concentrations it was possible to select cul-
tures resistant to amphotericin B, up to
200,0 pg/ml of culture medium,
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2. Linkage of the intermediates to lipid

3. Identification of the carrier lipid

4. Formation of the polymer
METABOLIC CONTROL
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SUMMARY

Lipopolysaccharide is the main component of the Gram negative bacterial
cell wall. It is of immunological significance in the members of the family Ente-
robacteriaceae. The polysaccharide portion of the macromolecule carries the anti-
gen specificity and it has been extensively studied in Salmonella typhimurium.
Polysaccharide is composed of backbone core and side chain. The specificity is
determined by the sequence and number of the sugars in the side chain. Bio-
synthesis of the side chain has been extensively investigated. The isolation of
mutants of incomplete molecule and the observation that the cell {ree extracts are
able to incorporate sugars from their precursors, have provided evidence for the
sequential addition of sugars. So, in the mutants so far studied, the molecule
is formed by polymerization of the intermediates linked to a carrier lipid. The
linkage of the sugar to a membrane bound lipid could be a way of sugar transport

through the membrane.
alcohol.

The carrier has been identified as a Cj; polyisoprenoid
Control mechanisms of side chain biosynthesis remains to be solved.

INTRODUCTION

The cell wall is the surface siructure of
bacteria with unique properties. Its essen-
tial functions are the maintenance of cell
shape, rigidity, and protection against the
environment, and other properties of biolo-
gical significance.

Structurally, the bacterial cell wall is com-
posed of 3 layers; the outermost is lipopro-

Paulo. C.P. 20.780, S&o Paulo, Brasil

tein, the intermediate layer is of a lipopoly-
saccharide nature and the innermost is gly-
copeptide. The layered structure was de-
duced by their selective removal, chemical
analysis and electron microscopy 2 2% **.The
relative amount of the layers is related to
the nature of the Gram reaction of the or-
ganism 7 42,

(1) Assistant Professor, Departamento de Bioquimica - Instituto de Quimica, Universidade de S&o




93 HIGUGHI, T.

Lipoprotein is present in a higher amount
in Gram negalive bacteria and there is some
indication of the presence of phage receptor
sites in this layer **. There cannot be a
continuous external lipoprotein surface, since
the intact cell reacts with antibodies corres-
ponding to the internal layer antigens,

Mucopeptide or glycopeptide is the major
component of Gram positive organism, rang-
ing from 50.0 to 80.09% of the wall. Che-
mically, it is a polymer composed of chains
of N-acetyl glucosamine and N-acetyl mu-
ramic acid linked by peptides. 1t can be
removed by lysozyme treatment of the cell
suspension, therefore the cell becomes pro-
toplast and lyses. This is one evidence
that the rigidity of the bacterial cell is due
to the glycopeptide layer.

Lipopolysaccharide (LPS) 1is the main
component of the Gram negative bacterial
cell wall. It is of immunological significan-
ce in certain organisms, namely, the mem-
bers of the family Enterobacteriaceae *7 2% 22,
LPS has both, toxic and antigenic properties,
and hence it is called either endotoxin or
“0” antigen. The toxicity is primarily due

Abequose

Mannose - Rhamnose - Galactose
n

< Sjde chain Core

N-acetyl-glucosamine

such as: treatment of bacterial cultures with
solvents, enzymes, {reezing and cooling,
grinding with abrasives and somic vibra-
tion 2,

Sonic vibration treatment of bacterial cell
suspensions is the more frequently used
method to disrupt Gram negative orga-
nisms **,  Iragments are separated by dif-
ferential centrifugation of broken cells.
Using this technique, the fraction corres-
ponding to the cell envelope comes down at
40000 X g centrifugation. The polysaccha-
ride is extracted from this pellet by treating
it with hot phenol as proposed by WesTpaaL
& Jann®, The fragments are analysed
after acid hydrolysis, methylation and pe-
riodate oxidation with further characteri-
zation,

Several years ago, SALTON *2 determined
the individual components of the cell wall,
and based on recent biosynthetic results it
is possible to establish the sequence of diffe-
rent sugars in the macromolecule.

The Salmonella typhimurium polysaccha-
ride structure is considered in 3 parts, as
shown in Figure 1:

Galaclose

— Glucose ~ Galactose —Glucose = Heptose — Heptose — Keto Deoxy Octusulonate

Figure 1 — Polysaccharide structure of Salmonella

to the lipid portion while the polysaccharide
carries the antigen specificity, although the
whole molecule is necessary for immunoge-
nicity '™ 2°,  The composition of LPS as well
as its biosynthesis is very complex. It has
been the subject of continued studies by bio-
genclicists and  chemisls, during
the past ten years,

In the present review, we have summari-
rized what has been done only on the bio-
synthesis of the part of the macromolecule
responsible for antigen specificity. Reviews
covering other aspects, as structure, biosyn-
thesis of the lipopolysaccharide, peptido-glycan
and immunology of endotoxin have been pu-
blished by several investigators '% 2% 25, 1, 43,

1ot
chemists,

CHEMICAL COMPOSITION OF THE
LIPOPOLYSACCHARIDE

Cell wall separation can be accomplished
by several physical and chemical methods,

———

Backbene -
typhimurium G-30.

a)  backbone-composed of keto deoxyoctusu-
lonate (KDO), heptose and phospho-

cthanolamine, linked to the core;

b)  core-composed of glucose, galactose and
N-acetyl glucosamine;

¢) side chains-repeating units of galactose,
rhamnose and mannose with non-redu-
¢ing abequose branches.

OsBORN ?% % have determined the con-
nection between lipid A and the backbone
by keto deoxyoctusulonate. The backbone
and the corc are quite homogeneous and
have almost the same structure in all mem-
bers of the genus Salmonella **. The cores
differ from one another, either by the 1-4 or
1-6 glucose linkage.

One strain differs from each other in the
composition and specially by the sequence
of the sugars in the side chains, so it de-
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termines  the antigen specificity. Novel su-
gars were found in the side chains as coli-
tose (3,6-dideoxy-L-galactose), paratose (3,6-
-dideoxy-D-glucose)}, tyvelose (3,6-dideoxy-
-D-mannose) and so on % % 19 3%

Recently, Nikaipo ** proposed that the
side chains are linked to C-4 of the subter-
minal D-glucose residue of the core.

The antigen specificity can be determined
chemically and immunologically by reaction
with the corresponding anti-serum. Lupk-
RITZ et al.?° and other investigators® 7 *°
classified numerous serologically distinct “0”
antigenic groups. The serological scheme is
quite complex due to the existence of only
small differences in specificity. Today, it is
known that variation can be obtained from
phage conversion, hence, temperate bacterio-
phages such as E'5 E* @?7 P22 jota, etc.
are able to introduce either O-acetyl groups
or glucosyl branches and even changes in
the polysaccharide configuration or linka-
ges 2, 89, 51, 5'3.

GENETICS

Members of the family Enterobacteriaceae
have two main types of polysaccharides. In
the wild type organisms the lipopolysaccha-
ride is complete, due to the fact that it con-
tains backone, core, and side chains. In
Salmonella typhimurium, the macromolecule
has the structure shown in Figure 1, while
in the mutant strains of this species the cell
wall polysaccharide is incomplete *,  The
latter group is composed of several organisms
with different sizes of the polysaccharide
molecule, giving rise to rough colonies on
solid media.

Types of mutants. Mutants have a diffe-
rent composition of their cell wall depending
on the degree of deficiency, precisely, the

more frequent deficiency is in the intercon-
version enzymes of precursors compounds 7.
Figure 2 shows the pathways of nucleotides
sugar synthesis from glucose ** and the en-
zymes involved in the conversions,

If the organism, like Salmonella typhimu-
rium G-30, lacks the enzyme UDP-galacto-
se-4-epimerase, UDP-galactose is not formed
from glucose, and the cell wall polysaccha-
ride from this mutant results incomplete,
unless external galactose is provided in the
medium ® ** 5, [n the same way, the strain
M-2 from ZeLEzNICK et al. * has a phospho-
mannose epimerase deficiency; thus the
conversion of glucose to GDP-mannose is
blocked. StockEr et al.*",*® had shown
mutants  with difference in sensitivity to
phages; this fact is a great advantage for
precise distinction among mulants.

The degree of sugar deficiency can also
be determined by complement fixation tests
and inhibition of hemagglutination reactions.
The mutants are divided in two main groups,
indicated as rfe and rfb%**: rfa mutants
are defective in the biosynthesis of the “R”
core and rfb organisms synthetized a com-
plete core but are defective in the synthesis
of “O” side chains.

The rfe mutants may be defective in the
synthesis of either the precursor or glycosyl
transferases. Five subgroups can he distin-
guished depending on the composition of
their core:

Ra-contains N-acetylglucosamine, galactose,
glucose, heptose and KDO; Rb-lacks only
N-acetylglucosamine; Rc-contains. glucose,
heptose and KDO; Rd-heptose and KDO and
Re-contains only KDO. It is also possible
to consider subdivisions among the sub-
groups depending on the relative amount of
the different sugars in each one, hence Rd,
would contain twice as much heptose as Rd..

Galactose —= Gal —1-P === UDP - galactose

”UDP— galactose-4-epimerase

Glucose —=Glu-6-P = Glu-I-

[ Phosphoglucose isomerase

Fructose —Fru-6-P —= —= glycolysis

== UDP-glucose

cell wall
lipopolysaccharide

P === GDP~- mcnnose/

Mannose —= Man—6-P === Man-I-

Figure 2 — Pathways of interconversion of sugar nucleotides 3,
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Figure 8 -— Types of mutants of Salmonelle typhimurium

In the rfb group 3 possibilities have to
be considered: deficiencies in the synthesis
of the nucleotide sugars precursors, in the
synthesis of the polimeric “0” side chains
and inability to transfer the synthetized
chain to the core,

There is an unusual group of mutants
called “semirough”, having only one side
chain *. Yuasa et al. *") using gas chroma-
tography techniques of acetylated methyl
alditols, concluded that semirough strains
cannot polymerize the “O” repeat unit, but
transfer the unpolymerized repeating unit
to the core.

BIOSYNTHESIS OF THE SIDE CHAIN
1. Formation of the trisaccharide

In the past 10 years, the biosynthesis of
the endotoxin side chain has been studied
in several organisms, like Salmonella typhi-
murium, Salmonelle  anatum, Salmonella
newport, Escherichia coli and others % 8 19-1%
15, 28, 83

Biosynthetic studies were mainly based on
two important observations made by Nikai-
po 25 and his co-workers *: 1) mutants with
incomplete and different lipopolysaccharides
could be isolated; 2) under appropriate con-
ditions, the cell free extracts from these
organisms were able to incorporate sugars
from their precursors, giving and acid inso-
luble macromolecular product.

Wiener et al. 5% % showed the sequence
of monosaccharides in the side chain, by
means of incorporation studies in cell free
extracts of Salmonella typhimurium G-30.

Frozen cells, broken by sonic vibration

and extracted with warm phenol, give a
fraction, usually called the particular frac-

tion, which contains, besides the incomplete
polysaccharide, an acceptor for the biosyn-
thesis of the missing portion of the mole-
cule 3 49,

The incubation of the particulate fraction
with UDP-galactose-C** resulted in the in-
corporation of the radioisotope into the pellet.
Hence, there was a transfer of galactose and
rhamnose from their nucleotide, UDP-ga-
lactose and TDP-rhamnose. The incorpora-
tion of galactose was much greater than that
of rhamnose and independent of the pre-
sence of other nucleotide sugars. WIENER
et al. ® and Nikaibo & Nikaipo *® reported
that this was due to the incorporation of
part of the radioactive galactose into the
core. On the other hand, mannose transfer
depends on the presence of both UDP-ga-
lactose and TDP-rhamnose. This sequential
addition of sugars is strong evidence for the
order of the monosaccharides in the side
chain.

From the experimental results shown
above, we concluded that the side chain
of Salmonella typhimurium G-30 is composed
of repealing units of galactose, rhamnosc
and mannose **. The radioactive compound
can be separated electrophoretically, sub-
jected to hypoidite oxidation, hydrolyzed
and then characlerized.

2. Linkage of the intermediates to lipid.

The di and trisaccharide intermediate
forms are linked to a carrier of lipidic na-
ture and are extractable with organic sol-
vents. Once the molecule is ready for poly-
merization, the lipid is released in the me-
dium 8, 54, 56,

The formation of the monosaccharide lipid
was investigated by OsorN & Yuvan?®,
The UDP-galactose transfers galactose-1-phos-
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TABLE I
Incorporation of mannose, rhamnose and galactose into the cell envelope of the
mutant deficient in UDP-galactose 53
Radioactive nucleotide Non-radioactive nucleotide Incorporation
sugar added sugar added (mp moles)
GDP-mannose-Ct e 0.15
GDP-mannose-C* UDP-gal 0.17
GDP-mannose-C* TDP-rham 0.19
GDP-mannose-Ct# UDP-gal + TDP-rham 2.70
TDP-rhamnose-C* —— 0.40
TDP-rhamnose-C GDP-man 0.40
TDP-rhamnose-C* UDP-galactose 1.50
TDP-rhamnose-C% GDP-man + UDP-gal 3.40
UDP-galactose-Ctt e 5.3
UDP-galactose-C GDP-man 5.6
UDP-galactose-CH TDP-rham 8.7
UDP-galactose-Ctt GDP-man + TDP-rham 8.0

phate to the lipid carrier with the release of

UMP.

The di and trisaccharide lipid interme-
diates were characterized simultaneously by
WieNgr et al.®® and RoBeins et al. %%
The former group used a mutant strain of
Salmonella typhimurium and the latter, Sal-
monella anatum and Salmonella newington.
In order to get the trisaccharide lipid it
was absolutely necessary to incubate the
reaction system at low temperature for a
short time, otherwise no solvent extractable
radioactive product could be detected. The
extractable trisaccharide lipid was identified
as mannosyl-rhamnosyl-galactosyl-1-phosphate
after extraction, electrophoresis, phosphatase
treatment, hypoiodite oxidation and hydro-
lysis, Following the same procedure, HEaTH
et al. 112,95 detected the presence of a lipid
carrier in the biosynthesis of Escherichia
coli 0-111 side chains. Epstrom & Heatm ™
isolated a tetra and a pentasaccharide lipid
containing colitose.

Peptidoglycan biosynthesis has been exten-
sively studied in Stephylococcus aureus and
Micrococcus lysodeikticus. In the peptido-
glycan synthesis, as in the case of polysac-
charide, there was a lipid carrier. STROMIN-
GER’s group® showed a cyclic mechanism
involving 2 lipid intermediates: Muramyl-N-

--acetyl (pentapeptide)-P-P-phospholipid and

N-acetylglucosamine-N-muramyl (pentapepti-
de) -P-P-phospholipid bound to enzymes. Both
intermediates had been extracted by n-butil-
alcohol, purified on diethyl aminoethyl cellu-
lose and silicic acid columns % 2%,

The occurrence of lipid linked interme-
diates has been described in the biosynthe-
sis of other bacterial polysaccharides. Troy
& HeatH % ryeported the participation of
lipid linked intermediates in the biosynthe-
sis of capsular polysaccharide of Aerobacter
acrogenes, SCHER et al,’’ determined the
formation of mannosyl-lipid intermediates in
the polymer mannan of M. lysodetkticus
membrane.

STROMINGER’s group ! suggested that the
occurrence of these lipid intermediates ex-
plains the utilization of intracellular nucleo-
tide precursors for the synthesis of an ex-
tracellular compound, the lipopolysaccharide
being outside of the permeability barrier.
The linkage of the sugar to a membrane
bound lipid could be a way of sugar trans-
port through the membrane.

3. Identification of the carrier lipid.

The presence of a carrier was first des-
cribed in the biosynthesis of peptidoglycan
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of Gram positive organisms®"**. The lipi-
dic compound was separated by mild acid
hydrolysis and analysed by mass spectros-
copy. It was identified as a C;; polyiso-
prenoid alcohol. Inhibition of peptidoglycan
synthesis was obtained using ristocetin and
vancomyein .

There is some indication that the lipid
carrier in the biosynthesis of endotoxin side
chains is similar to that found in peptido-
glycan synthesis. The carrier lipids of Sal-
monelle typhimurium and M. lysodeikticus
were indistinguishable in reactions involving
monosaccharide phosphate intermediates **.

4.  Formation of the polymer.

The trisaccharide lipid intermediate was
described in a system consisting of a parti-
culate fraction plus nucleotide sugars in-
cubated al Jow temperature. When the re-
action mixture was warmed to 37°C, most
of the label was not extractable in organic
solvents,

when CDP-abequose was added with or after
GDP-mannose, if the reaction with abequose
was carried out at low temperature, to pre-
vent polymerization. No abequose incorpo-
ration was found after trisaccharide polyme-
rization. It was interesting to find the for-
mation of polymer in the absence of abe-
quose, but the polymerization of the tetra-
saccharide is more rapid than that of the
trisaccharide 8.

The polymerized compound can be quanti-
tatively recovered after phenol-water ex-
traction. The derivative is macromolecular
and polydisperse. Similar results were ob-
tained simultancously by RoBBIN’s group ™
in preparations of Salmonella anatum.

Although the polymerized side chains are
assumed to be transferred to the “R” core,
this reaction cannot be demonstrated in the
system studied 2% ** because of the incom-
pleteness of the core *.

Bray & Roepins® and RoBBiNs et al.

postulated the possible mechanisms of elon-
gation of repeating units. In one scheme,

TABLE 11

Addition of mannose to preformed disaccharide intermediate %

Radioactive sugar content

GDP-mannose GDP-mannose 3 - Q1

Nucleotide sugar GDP-mannose-C

disaccharide Galactose-CH Ribamnose-Ct None
intermediate label T —

Total CHClg- Total CHCly- Toial CHCly-

MeOH MeOH MeOH
Soluble Sotuble Solubte

|
Incubation 5 min. at 100C 182.0 16.0 24.0 17.0 15.2 11.0
Incubation 15 min, at 37°C 155.0 — 22.8 4.5 20.0 3.8
|

The product obtained after incorporation
of mannose to the disaccharide at 37°C is
indistinguishable {rom the product obtained
with the simultaneous incubation of the par-
ticulate fraction with all 3 nucleotides.

The polymerization of the trisaccharide can
occur in the absence of abequose, but the
incorporation of abequose is dependent on
the presence of UDP-galactose, TDP-rham-

nose and GDP-mannose. Some Authors 37 9t

found that abequose incorporation occurred

the repeating monomer would be added to
the non-reducing end of the growing chain.
Another possibility would be the addition of
the unii polymer to the non-reducing end
of the monomer.

Pulse label experiments suggest the pos-
sible transfer of the polymer to the carrier
lipid monomer cxactly as proposed in the
mechanism of protein synthesis *".

The incorporation of the polymerized pro-
duct into lipopolysaccharide was dependent
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on the addition of an exogenous acceptor
containing a complete core, which implies in
the existence of a ligase type enzyme. The
absence of a complete core in S. typhimu-
mium G-30 preparations ?¢ was responsible
for the non-attachment of the polymer to
form the “O” antigen molecule as shown in

Figure 1.
METABOLIC CONTROL

Metabolic control can be exerted at either
or both stages of lipopolysaccharide biosyn-
thesis: at the level of precursors, nucleotide
sugars or in the synthesis of the macromo-
lecule itself.

Due to polysaccharide biosynthesis blocka-
ge, some species accumulate nucleotide su-
gars in the medium, while in other groups
of bacteria there is no accumulation since
feed back control is operative,

The absence of uridine nucleotide accu-
mulation in some Gram positive penicillin
treated organisms was attributed to feed
back control *3, In Salmonella rough strains,
the accumulation of nucleotide sugars was
determined under special conditions.

The structure of polysaccharide, as well as
the rate of its synthesis, is genetically con-
trolled.

Nikaipo & Nixamo % 2* reported that
in Salmonella all the enzymes involved in
the synthesis of mannose, rhamnose and abe-
quose are clustered in the “0” locus located
very close to the histidine locus. Similar
results were obtained with Salmonella typhi-
murium LT2 using recombination experi-
ments *7 *8,

The lack of sufficient experimental work
in this area however precludes a clearer
understanding of the actual control mecha-
nisms.

RESUMO

Biossintese da cadela lateral do antigeno
“0” de Salmonella typhimurium

O lipopolissacarideo é o principal compo-
nente da parede celular das bactérias Gram
negativas. Fste envoltério celular tem parti-
cular importancia para os membros da fami-
lia Enterobacteriaceae. A porgfo polissaca-
ridica da molécula é a responsavel pela
imunogenicidade. O polissacarideo pode ser
considerado em 3 partes: esqueleto, parte
central e a cadeia lateral. A especifici-
dade antigdnica é determinada pela se-
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quéncia e pelo numero de aglcares da ca-
deia lateral. A biossintese da macro-molé-
cula tem sido extensivamente estudada por
varios grupos de pesquisadores. Utilizando-
se mutantes que tém o lipopolissacarideo in-
completo e baseando-se no conhecimento de
que os exiratos livres das células sdo capazes
de incorporar aglcares a partir dos precur-
sores, foi possivel determinar a seqiiéncia dos
aciicares da cadeia lateral de Salmonella ty-
phimurium como sendo manose, ramnose e
galactose com ramificagio de abequose. Os
estudos de incorporacgio, obtengdo dos inter-
medirios, assim como a caracterizago, sao
discutidos. A macromolécula é formada pela
polimerizagio dos intermedidrios ligados a
um transportador de natureza lipidica. A
unido dos aglicares com o lipido ligado a
membrana poderia ser uma maneira de
transporte dos aglicares através da membra-
na. A natureza do lipido tem sido referida
como sendo poliisoprendide de 55 atomos de
carbono. O mecanismo de contréle da bio-
sintese ainda n#o estd elucidado.
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