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Editorial

El sistema de evaluacion de trabajos cientificos denominado “revision paritaria” (en inglés “peer
review”, es decir, entre iguales), se aplica a la revision de articulos (enviados para su publicacién a
revistas cientificas) o a la evaluacién de proyectos de investigacién (entregados a los organismos
correspondientes para su posible financiacién). De gran tradicion en paises anglosajones, en Espaiia se
viene aplicando desde hace pocos afios y, tanto aqui como en el extranjero, el tema suscita a la vez interés
y polémica. La experiencia espafiola con la Agencia Nacional de Evaluacién y Prospectiva (ANEP), en
su aspecto de evaluacién de proyectos, es considerada en conjunto muy positiva por una mayoria de
investigadores. En lo referente a la evaluacién de articulos en revistas nacionales la tradicién es ain
limitada. Es deseo de Microbiologia SEM aplicar el sistema sin excepciones y, al mismo tiempo que se
utiliza, tratar de evaluarlo y mejorarlo.

El Second International Congress on Peer Review in Biomedial Publication se celebré en Chicago
del9al 11 de septiembre de 1993. Un niimero reciente de la revista The Journal of the American Medical
Association JAMA, vol. 272, nim. 2, 13 de julio de 1994) publica 24 de las contribuciones presentadas,
mas las dos conferencias invitadas (la de Jerome P. Kassirer y Edward W. Campion, editores del New
England Journal of Medicine, y la de Horace L. Judson, autor, entre otros libros, de “El octavo dia de
la Creacion”). A este congreso asistieron 275 editores, investigadores y otras personas interesadas en
la publicacion biomédica, procedentes de 20 paises distintos. Este congreso tenia el objetivo genérico
de impulsar la investigacion en los aspectos que mas preocupan sobre el proceso de la revisién paritaria,
a la par que promover la investigacion sobre lo que constituye uno de los mas importantes mecanismos
de control de la ciencia y establecer una base de datos para la continuacién de esos estudios. Como
objetivo dltimo explicito se invocaba uno tan concreto, y ambiguo a la vez, como es el de “mejorar el
proceso”.
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Este proceso de revision paritaria suscita discusiones entre los investigadores, pero también los
consejos editoriales de las publicaciones se plantean numerosos interrogantes. Las discusiones e
interrogantes van generalmente dirigidos al perfeccionamiento del sistema, no a cuestionar su existencia.
Por ejemplo, de cudntos revisores habria que disponer en cada evaluacién, cudl seria el mejor modo de
seleccionarlos, sihay que seguir manteniendo el anonimato ante los autores. Al margen de la celebracion
de los congresos indicados, estas cuestiones surgen en las reuniones de los consejos editoriales de todas
las publicaciones cientificas del mundo.

De todas las preguntas anteriores, la del anonimato de los revisores sigue siendo una de las mas
discutidas. Gracias a los estudios que se estan desarrollando se puede concluir que el anonimato permite
una mejor realizacion del trabajo en los &mbitos que por especializados son necesariamente reducidos,
pero los datos son todavia insuficientes para poder llegar a una conclusion definitiva.

Lo que es innegable es que la revisién paritaria de articulos y proyectos es un proceso caro, que
consume una gran cantidad de tiempo y que suele verse sometidoa criticas siel resultado es desfavorable
para los investigadores evaluados. Pero es un proceso necesario que tiene una incidencia directa para
garantizar un minimo de calidad en una época de recursos econémicos (o espacio, en el caso de las
revistas) limitados.

Parafraseando el titulo de uno de los trabajos presentados en el congreso citado, larevisién paritaria
es un proceso “rudo, poco estudiado. .. pero indispensable”. Y, por consiguiente, seguiremos preocupa-
dos y ocupados con €l, en estas mismas paginas.

Ricard Guerrero
Director-Coordinador
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Enzyme diversity in halophilic archaea

Aharon Oren

Division of Microbial and Molecular Ecology and the Moshe Shilo Center
for Marine Biogeochemistry, The Institute of Life Sciences,
The Hebrew University of Jerusalem, Israel

Received 15 June 1994/Accepted 15 July 1994

Summary

The halophilic archaea display a considerable extent of enzyme diversity. The presence or absence
of certain enzymatic activities is closely linked with the taxonomic status of the strains investigated.
Thus, Halobacterium species such as Hb. salinarium, Hb. halobium, and Hb. cutirubrum differ from
most other Halobacteriaceae tested by the possession of an NAD -dependent glycerol dehydrogenase,
by the absence of methylglyoxal synthase activity, and the ability of fermentative growth on arginine.
Species such as Hb. saccharovorum and Hb. sodomense, which are still classified within the genus
Halobacterium, have an enzymatic machinery greatly different from that of the Hb. salinarium-Hb.
halobium group, confirming the need for a taxonomic reappraisal of these species. The presence of
NAD'-dependent D-lactate dehydrogenase is characteristic of representatives of the genus Haloarcula,
which possess only low activities of NAD -independent L- and D-lactate dehydrogenases, if at all. Other
enzymes which show considerable diversity are fructose 1,6-bisphosphate aldolase, of which two classes
exist, and ribulose 1,6-bisphosphate carboxylase, which is present in a limited number of species.

Key words: halophilic archaea, Halobacterium, Haloferax, Haloarcula, enzyme diversity

Resumen

Las arqueas haléfilas presentan una gran diversidad enzimatica. La presencia o ausencia de ciertas
actividades enzimadticas aparece estrechamente ligada a la posicién taxonémica de las cepas investiga-
das. Asi, especies de Halobacterium tales como Hb. salinarium, Hb. halobiumy Hb. cutirubrum difieren

* Correspondence to: Aharon Oren. Division of Microbial and Molecular Ecology and the Moshe Shilo
Center for Marine Biogeochemistry. The Institute of Life Sciences. The Hebrew University of Jerusalem.
91904 Jerusalem. Israel. Telephone: +972-2-584951. Fax: +972-2-528008
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de la mayoria de las otras Halobacteriaceae estudiadas por presentar una glicerol deshidrogenasa
dependiente de NAD", por carecer de una actividad metilglioxal sintasa, y por poder fermentar la
arginina. Especies tales como Hb. saccharovorum'y Hb. sodomense, que aun estan clasificadas dentro
del género Halobacterium, tienen una maquinaria enzimatica muy diferente de la que presentan las
bacterias del grupo Hb. salinarium-Hb. halobium, 1o cual confirmala necesidad de unreajuste taxondmico
de estas especies. La presencia de D-lactato deshidrogenasa dependiente de NAD" es caracteristica de
los representantes del género Haloarcula, que presenta una baja (o nula) actividad de las L- y D-lactato
deshidrogenasas independientes de NAD'. Otras enzimas que muestran una considerable diversidad son
la fructosa 1,6-bisfosfato aldolasa, de las cuales existen dos clases, y la ribulosa 1,6-bisfosfato
carboxilasa, que se encuentra en un nimero limitado de especies.

Introduction

The halophilic archaea (family Halobacteriaceae) are found worldwide in hypersaline environ-
ments with salt concentrations exceeding 200-250 g/I. Until recently, the halophilic archaea were
considered a group of microorganisms with little metabolic versatility, growing mainly at the expense
of amino acids. In recent years the number of recognized species within the Halobacteriaceae has
increased considerably. The following genera are recognized at present: the neutrophilic Halobacterium,
Haloarcula, Haloferax, and Halococcus, and the alkaliphilic Natronobacterium and Natronococcus
(42). The classification into genera and species is based in part on such properties as salt and specific
ionic requirements, and the nature of the glycolipids in the cell membrane (42, 44).

With the increase in the number of genera and species, the metabolic diversity known to occur
within the group has increased considerably. The present classification reflects this metabolic diversity.
Thus, properties such as the ability to grow on carbohydrates as the sole or principal carbon source, with
or without acid production, the hydrolysis of starch, the production of indole from tryptophan, etc., are
used in numerical taxonomic studies of the group, and form an important part of the species descriptions.

While the differences in properties of the species of the Halobacteriaceae are necessarily based on
differences in their enzymatic machinery, little attention has been paid to the comparative enzymology
of the halophilic archaea. On the other hand, comparative studies involving other archaeal groups as well
have shown a considerable enzyme diversity within the archaeal domain. The properties of the archaeal
enzymes and the metabolic pathways composed by them often differ greatly from their (eu)bacterial
counterparts (9, 10).

The present paper reviews the current knowledge of the extent of enzyme diversity within the
halophilic archaea, and the relationship between the taxonomic status of the isolates of the Halobacteriaceae
and their enzymatic machinery.

Carbohydrate degradation and gluconeogenesis

While Hb. salinarium and related species (Hb. halobium, Hb. cutirubrunt) use amino acids as their
principal carbon and energy source, many other species display a well-developed ability to use
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carbohydrates. Carbohydrates are used as the sole or principal carbon source by all members of the
genera Haloferax and Haloarcula, and by a few Halobacterium species (e.g., Hb. saccharovorum).

Those halophilic archaea that utilize glucose, degrade the sugar via a modification of the Entner-
Doudoroff pathway, in which oxidation precedes phosphorylation (glucose => gluconate => 2-keto-3-
deoxygluconate = 2-keto-3-deoxygluconate-6-phosphate => pyruvate + glyceraldehyde 3-phosphate)
(9, 10, 36, 43). The glucose dehydrogenase (EC 1.1.1.47) of Hb. saccharovorum was reported to have
adual cofactor specificity: NADP* was found to be the most efficient electron acceptor, but cell extracts
also reduced NAD* in the presence of glucose at a rate of 8% of that observed with NADP" (43).

Nicotinamide nucleotide-dependent dehydrogenases of (eu)bacteria and eukarya are character-
istically specific for either NAD" or NADP", but additional cases of dual cofactor specificity have been
reported within the archaeal domain (9).

The Embden-Meyerhof glycolytic pathway is probably not operative in halophilic archaea growing
on glucose, as 6-phosphofructokinase (EC 2.7.1.11) activity is lacking, though “C-NMR experiments
with Hb. halobium indicated the existence of the glycolytic pathway in addition to the modified Entner-
Doudoroff pathway (38). A modified Embden-Meyerhof pathway was shown to operate in Ha. vallismortis
during growth on fructose. In this case, fructose does not enter the pathway by the usual
phosphoenolpyruvate-dependent fructose phosphotransferase system, but is phosphorylated to fructose
1-phosphate in an ATP-dependent reaction, followed by conversion to fructose 1,6-bisphosphate by the
action of ketohexokinase (EC 2.7.1.3) (3).

All enzymes required for a functional reversal of glycolysis (gluconeogenesis) were detected in Hb.
halobium. Fructose 1,6-bisphosphate aldolase (EC 4.1.2.13), which participates in this pathway, is of
special interest. The enzyme acts in gluconeogenesis, but may work in the opposite direction during
growth of Ha. vallismortis on fructose (2). Two classes of fructose 1,6-bisphosphate aldolase are known.
ClassIenzymes, which are characteristically found in animals, higher plants, protozoa, and green algae,
form a Schiff-base intermediate with the substrate. Borohydride treatment reduces the Schiff- base,
resulting in the irreversible inactivation of the enzyme. Class II aldolases, found in yeast, other fungi,
and in most bacteria, require divalent cations for activity, and are inhibited by EDTA. However, a few
(eu)bacteria are known that have a class I aldolase.

Both class I and class II enzymes occur within the halophilic archaea, but only one class of
fructose 1,6-bisphosphate aldolase was found in any one species. Presence of a class I enzyme was
reportedin Halobacterium strainR-113 (11, 13). Class I aldolases were further foundin Hb. saccharovorum
and in Ha. vallismortis (12, 23). Representatives of the Hb. salinarium-Hb. halobium-Hb. cutirubrum
group possess a class IT enzyme, and so do the Haloferax species tested (Hf. volcanii, Hf. mediterranei),
which display a particularly high fructose 1,6-bisphosphate aldolase activity (Table 1).

Glycerol metabolism

Glycerol is produced in large quantities as an osmotic solute by algae of the genus Dunaliella, the
main or only primary producers present in salt lakes in which halophilic archaea thrive. Glycerol is
readily used as a carbon and energy source by most or all Halobacteriaceae. Many halophilic archaea,
notably those belonging to the genera Haloferax and Haloarcula, produce acids when glycerol is added
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TABLE 1
DISTRIBUTION OF ENZYMATIC ACTIVITIES® AMONG THE SPECIES OF THE
HALOBACTERIACEAE

Strain FPA GDH ILDH L-LDH D-LDH LR MGS
Halobacterium
Hb. salinarium II + - + - - -
Hb. halobium* II +
Hb. cutirubrum* II + - + - -

Hb. trapanicum*

Halobacterium
Hb. saccharovorum I - - + + - +
Hb. sodomense - - + +

Hb. lacusprofundi
Hb. distributum

Haloferax
Hf. volcanii IT - - + + + +
Hf. denitrificans - - + + +
HYf. mediterranei I - + + + - +
Hf. gibbonsii

Haloarcula
Ha. vallismortis I - + - + + +
Ha. marismortui - + + + + +

Ha. hispanica
Ha. japonica
Ha. californiae*
Ha. sinaiiensis*

Halococcus
Hc. morrhuae
Hc. turkmenicus
Hc. saccharolyticus

Natronobacterium
Nb. pharaonis
Nb. magadii
Nb. gregoryi

Natronococcus
Nc. occultus

Initials at the headings of columns: FPA, type of fructose 1, 6-bisphosphate aldolase (Class I or Class II, see
text). GDH, glycerol dehydrogenase. LDH, NAD:dependent D-lactate dehydrogenase. L-LDH, NAD®independent L-
lactate dehydrogenase. D-LDH, NADzindependent D-lactate dehydrogenase. LR, lactate racemase. MGS, methylglyoxal
synthase.

"Species incertae sedis (42); %, weak activity only.
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to the growth media. Analysis by high performance liquid chromatography and enzymatic analyses of
supernatants of Haloferax cultures grown in the presence of glycerol showed that all converted part of
the glycerol to D-lactate and acetate, while cultures of two Haloarcula species tested produced pyruvate
and acetate from glycerol (31).

Two pathways of glycerol metabolism are known in the prokaryotic world. One starts with the
phosphorylation of glycerol by glycerol kinase (ATP:glycerol 3- phosphotransferase, EC 2.7.1.30),
followed by dehydrogenation of the glycerol 3- phosphate. In the second pathway, glycerol is first
oxidized to dihydroxyacetone by glycerol dehydrogenase (glycerol:NAD" 2-oxidoreductase, EC 1.1.1.6),
whereafter phosphorylation occurs. Bacteria able to utilize glycerol as carbon and energy source may
possess either or both pathways.

Activity of an NAD'-dependent glycerol dehydrogenase was demonstrated in Hb. salinarium
already 40 years ago (4). Comparative studies in which a variety of halophilic archaea was tested showed
that glycerol dehydrogenase activity is restricted to the Hb. salinarium - Hb. halobium - Hb. cutirubrum
group (32, 36). The activity was found to be constitutive, and addition of glycerol to the growth medium
did not lead to increased glycerol dehydrogenase activities. No glycerol dehydrogenase could be
detected in any of the Haloferax and Haloarcula species tested, nor in Halobacterium species such as
Hb. sodomense and Hb. saccharovorum, which do not show a close relationship with the other members
of the genus Halobacterium, and deserve a taxonomic reappraisal (42). Glycerol kinase activity was
demonstrated in all strains tested, including those Halobacterium species that also have glycerol
dehydrogenase (32, 36); it may be noted here that the levels of glycerol kinase activity in Hf. mediterranei
and Ha. vallismortis reported by Oren and Gurevich (32) are about an order of magnitude higher than
those measured by Rawal et al. (36).

Lactate metabolism

The presence of at least three different lactate dehydrogenases has been documented in the
halophilic archaea, and also in this case the presence or absence of certain classes is correlated with the
taxonomic position of the species examined (Table 1). An NAD -linked D-lactate dehydrogenase (EC
1.1.1.28) has been isolated from Ha. marismortui and characterized (19). A high rate of NADH-de-
pendent pyruvate reduction was further shown in Ha. vallismortis, while Hf. mediterranei showed amuch
lower activity. Activities were found constitutive, and were not greatly altered by addition of lactate or
glycerol, which givesrise to the formation of lactate in certain species (31). Other species tested did not
show any NADH-dependent pyruvate reduction (Oren and Gurevich, Can. J. Microbiol., submitted for
publication). A study of Rawal et al. (36) confirmed the presence of NAD -linked lactate dehydrogenase
inHa.vallismortis and in Hf. mediterranei. In addition, alow activity was detected alsoin Hb. salinarium.
NAD'-dependent activity in Hb. salinarium strain M1 was reported to be somewhat increased when the
cells were grown in the presence of glucose (7). However, as no quantitative data were given, comparison
with activities reported in other isolates is not possible.

Whereas the presence of NAD -linked lactate dehydrogenase is restricted mainly to Haloarcula
species, NAD -independent lactate dehydrogenases, which in vitro reduce electron acceptors such as
ferricyanide or dichlorophenol indophenol, are widespread in the Halobacteriaceae. The occurrence of
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an NAD'-independent lactate dehydrogenase in /b. salinarium was firstreported almost forty years ago
(5). Tests for NAD'- independent L-lactate dehydrogenase (EC 1.1.2.3) and D-lactate dehydrogenase
(EC 1.1.2.4) showed that both activities were present in extracts of all nine species tested (Oren and
Gurevich, Can. J. Microbiol., submitted for publication). However, L-lactate dehydrogenase activity in
Hb. salinarium and Hb. cutirubrum was very low, and Haloarcula species, which possess a high activity
of NAD'-linked D-lactate dehydrogenase (19), showed very low activities, if at all, of both NAD -in-
dependentL- and D-lactate dehydrogenase. Addition of lactate to the growth medium did not greatly alter
the activities.

Little is known on the function of the three lactate dehydrogenases in halophilic archaea. The
equilibrium of the NAD'-linked reaction greatly favors formation of lactate from pyruvate and NADH.
However, Ha. marismortui and Ha. vallismortis, being the only species which displayed a high activity
of the NAD -linked enzyme, produced pyruvate rather than lactate when grown in the presence of
glycerol or sugars (31). Moreover, in spite of the constitutive presence of an NAD-independent L-lactate
dehydrogenase in most strains tested, L-lactate added to the medium was not used by most species, unless
lactate racemase was present as well.

An inducible lactate racemase (EC 5.1.2.1) with an unusually high pH optimum was detected in Hf.
volcanii. Both Haloarcula species tested also showed lactate racemase activity, whether or not lactate
was present in the growth medium. No activity could be demonstrated in Hb. salinarium, Hb.
saccharovorum, and Hf. mediterranei (Oren and Gurevich, Can. J. Microbiol., submitted for publica-
tion). An additional pathway that may contribute to the formation of D-lactate in halophilic archaea is
the methylglyoxal bypass. In this pathway, methylglyoxal is formed from dihydroxyacetone phosphate
by methylglyoxal synthase (EC 4.2.99.11), whereafter glyoxalase I (EC 4.4.1.5) produces the D-lactoyl
derivative of glutathione, or in the case of the halophilic archaea, y-glutamylcysteine. While activity of
glyoxalase I was found in all halophilic archaea tested, the distribution of methylglyoxal synthase was
species-dependent: no activity was found in Hb. salinarium and Hb. cutirubrum, while all other strains
tested, including Hb. saccharovorum, contained the enzyme (Oren and Gurevich, submitted). The
activity of Hf. volcanii methylglyoxal synthase was highest in the absence of salt, and the presence of
3 M NaCl or KCI caused about 50% inhibition. Such a behavior is highly unusual for enzymes of
halophilic archaea, most of which function optimally in the presence of 3—4 M salt.

Ribulose 1,6-bisphosphate carboxylase

Halophilic archaea grow heterotrophically at the expense of amino acids, carbohydrates, and other
organic compounds. Therefore the discovery of ribulose 1,6- bisphosphate carboxylase/oxygenase
(RuBisCo, EC 4.1.1.39) activity in part of the members of the Halobacteriaceae came as a surprise (37).
Not all halophilic archaea possess the enzyme, and those that do have activities which are at best only
a few percent of those typically found in autotrophic bacteria. "

Studies on the distribution of RuBisCo in halophilic archaea showed that the activity is restricted
to a few carbohydrate utilizing species. Relatively high activities were detected in Ha. mediterranei and
Hf. volcanii, while Ha. marismortui extracts displayed a much lower activity. NADH, and not NADPH,
was the reductant required. No activity of RuBisCo could be demonstrated in Ha. vallismortis, Hb.
halobium, Hb. salinarium, Hb. cutirubrumand Hb. saccharovorum(1,35,36,37). A possible correlation
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has been suggested between the RuBisCo content of halophilic archaea and their ability to accumulate
poly-B-hydroxybutyrate (PHB) as storage material (1). Thus, Hf. mediterranei may have an extremely
high PHB content under certain growth conditions (17), and the presence of PHB has been documented
in Ha. marismortui (22). Only low quantities of PHB were found in Ha. vallismortis, and those strains that
did not show RuBisCo activity also did not accumulate PHB (1). No explanation for the apparent corre-
lation between RuBisCo activity and PHB accumulation has been brought forward as yet.

Though an organism such as Hf. mediterranei possesses notonly arelatively high RuBisCoactivity,
but also all other enzymes required for the operation of the reductive pentose phosphate cycle,
autotrophic growth has never yet been demonstrated in the halophilic archaea. The combination of the
presence of the light-driven proton pump bacteriorhodopsin with the presence of the enzymes of the
Calvin cycle may theoretically enable photoautotrophic growth (10), but RuBisCo has not yetbeen found
in strains containing bacteriorhodopsin. Thus, the physiological role of RuBisCo activity in halophilic
archaea is still unknown.

Hydrocarbon degradation

Until recently, halophilic archaea were known to grow only on amino acids, carbohydrates, and
related compounds as carbon and energy source. However, two studies showed that certain isolates may
also be able to degrade different long-chain hydrocarbons. From a saltern in the south of France a
pleomorphic Halobacterium or related organism was isolated that grows on saturated hydrocarbons such
as tetradecane, hexadecane, eicosane, heneicosane, and pristane, certain unsaturated hydrocarbons, and
even aromatic hydrocarbons such as phenantrene and anthracene (6). Screening of other isolatesrevealed
six strains, resembling Hb. salinarium, Hf. volcanii, and Hb. distributum, that emulsified petroleum and
grew on petroleum hydrocarbons. Hardly or no petroleum degradation was detected in Hb. halobium,
Hb. saccharovorum, Hf. mediterranei, and Halococcus turkmenicus (24). A more extensive ability to
degrade aromatic compounds was found in a recently isolated Haloferax strain (16).

The elucidation of the enzymatic basis of hydrocarbon and aromatic compound degradation, and
a systematic survey of the presence of the enzymes involved among the Halobacteriaceae, may add
another interesting aspect to enzyme diversity in the halophilic archaea.

Alternative electron acceptors in respiration

While the halophilic archaea basically lead an aerobic way of life, at least four alternative electron
acceptors have been shown to replace oxygen in the respiration of different representatives of the group:
nitrate, dimethylsulfoxide (DMSO), trimethylamine N-oxide (TMAQ), and fumarate (Table 2).

Anaerobic growth with nitrate as electron acceptor, with the formation of the gaseous products
dinitrogen and/or nitrous oxide (denitrification), has been demonstrated in all Haloarcula species tested:
Ha.vallismortis, Ha. marismortui, Ha. hispanica, and Ha. japonica (42), and in two Haloferax species:
Hf. denitrificans and Hf. mediterranei (27,42). Additional species, e.g. Hb. sodomense, Hb. distributum,
Hf. volcanii, and the alkaliphile Natronobacterium pharaonis, slowly reduce nitrate to nitrite without gas
formation (42), while others, such as Hf. gibbonsii, do not reduce nitrate. The differences in behavior
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TABLE 2
DISTRIBUTION OF MODES OF ANAEROBIC METABOLISM® AND RETINAL PIGMENTS’
AMONG THE SPECIES OF THE HALOBACTERIACEAE

Strain N, NO; DMSO TMAO Fum. Arg. Brhod. Hrhod.
Halobacterium
Hb. salinarium - - + + - + +
Hb. halobium* - - + + + + + +
Hb. cutirubrum* - - + + + + +

Hb. trapanicum*

Halobacterium
Hb. saccharovorum  —
Hb. sodomense -
Hb. lacusprofundi -
Hb. distributum -

+ + + +

Haloferax
Hf. volcanii -
Hf. denitrificans
Hf. mediterranei
Hf. gibbonsii -

H+
+
|
|

+ +
+ + +
+ + +
+
[
[

Haloarcula
Ha. vallismortis
Ha. marismortui
Ha. hispanica
Ha. japonica
Ha. californiae*
Ha. sinaiiensis*

+ + + +
+ + + + +
+
+
[
I
I

H o+
H o+

Halococcus
Hc. morrhuae -
Hc. turkmenicus - +
Hc. saccharolyticus - +

+

Natronobacterium
Nb. pharaonis - + -
Nb. magadii - -
Nb. gregoryi - -

I+
+
+

Natronococcus
Nc. occultus - +

“ Initials at the headings of columns: N, nitrate to gas. NO, reduction of nitrate to nitrite. DMSO,

dimethylsulfoxide. TMAO, trimethylamine N-oxide. Fum., fumarate. Arg., arginine fermentation. (See text.)
b . . . .
Pigments: Brhod., bacteriorhodopsin. Hrhod., halorhodopsin.

"Species incertae sedis (42); +, weak activity only.
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towards nitrate reflect the presence or absence of dissimilatory nitrate reductase and nitrite reductase,
thus adding to the metabolic and enzyme diversity within the Halobacteriaceae.

DMSO, TMAO, and fumarate can be used as alternative electron acceptors by many halophilic
archaea, and they are reduced to dimethylsulfide, trimethylamine, and succinate, respectively (30, 33).
In most cases DMSO, TMAO or fumarate reduction enabled growth in the absence of molecular oxygen.
No correlation was found between the ability to reduce nitrate to nitrite or to gaseous products, and the
ability to reduce DMSO or TMAO (33).

Arginine fermentation

Hb. halobium, Hb. salinarium, and Hb. cutirubrum were reported to grow anaerobically in the dark
when the growth medium was supplemented with L-arginine. Under these conditions energy is generated
by fermentation of arginine via citrulline to ornithine and carbamoylphosphate, which is subsequently
degraded to carbon dioxide and ammonia with the phosphorylation of ADP to ATP (18). Thekey enzyme
ornithine carbomoyltransferase (EC 2.1.3.3) has been isolated from Hb. salinarium (14). Tests for anaerobic
growth on arginine performed with a variety of Halobacteriaceae (Oren and Gurevich, unpublished
results, see Table 1) confirmed the ability of arginine fermentation in above strains. The alkaliphilic Na.
pharaonis was also found able to grow anaerobically when arginine was added to the medium, but no
anaerobic growth with arginine was found in any of the other neutrophilic species tested.

Bacteriorhodopsin and other retinal pigments

The great majority of studies performed with halophilic archaea since the early 1970’s dealt with
the properties of bacteriorhodopsin and other retinal pigments (halorhodopsin, sensory rhodopsins) of
Hb. halobium. These pigments enable Hb. halobium to use light energy for the maintenance of proton
and chloride gradients over the cell membrane, and to direct the cells to optimal light conditions. Cells
containing bacteriorhodopsin were even shown to grow photoheterotrophically under anaerobic conditions
(18). However, it is often not realized that the possession of these retinal pigments is not a universal
feature of the Halobacteriaceae, but may be the exception rather than the rule (Table 2). Most species
are colored red-orange due to the presence of carotenoids (o-bacterioruberin and derivatives), and
bacteriorhodopsin has not been detected in most recognized species of halophilic archaea.

The occurrence of purple membrane containing bacteriorhodopsin has thus far been documented
only in Hb. halobium, the closely related Hb. cutirubrum (25), and in Hb. sodomense (29). In a number
of additional Halobacteriumisolates, whose taxonomic position was not elucidated, retinal-based proton
pumps similar to the bacteriorhodopsin of Hb. halobium were found, but differing in the primary
structure of the protein moiety (28, 39). The bacteriorhodopsin-like pigment from such a Halobacterium
isolate from Australia has been designated archaerhodopsin (28, 41). In a study of novel isolates from
Guerrero Negro, Mexico, and Shark Bay, Australia, 5 strains were found that contain bacteriorhodopsin
genes which differ from those of Hb. halobium, as ascertained by DNA hybridization studies (34). The
Haloarcula strains Ha. californiae and Ha. sinaiiensis (both species incertae sedis) (42) were reported
to contain both bacteriorhodopsin and halorhodopsin (21, 40). The bacteriorhodopsin content of Ha.
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californiae was only 2-5% of that of Hb. halobium grown under similar conditions (21). In most other
species of the Halobacteriaceae bacteriorhodopsin seems to be absent, but systematic studies of the
occurrence of the pigment are lacking.

Little information is available on the distribution of halorhodopsin and sensory rhodopsins.
Halorhodopsin-like molecules were detected only in part of those strains from Guerrero Negro and Shark
Bay that contained bacteriorhodopsin (34). Sensory rhodopsins are not expected to occur in those species
that lack motility. Except in Hb. halobium, the presence of a phoborhodopsin has been ascertained in
certain haloalkaliphilic bacteria (8), and the phoborhodopsin of Na. pharaonis has been studied in depth,
both with respect to structure (26) and function (15. 20). A sensory rhodopsin was found also in Ha.
sinaiiensis (40), and in Halobacterium SG1, a strain whose taxonomic affiliation has not yet been
ascertained (39).

Conclusions

Comparative enzymatic studies show a considerable extent of enzyme diversity within the
Halobacteriaceae (Table 1, 2). Not all species have yet been tested for all enzymes mentioned, and
particularly few biochemical data are available on the halococci and the alkaliphiles. Furthermore, not
all strains used in biochemical studies have been characterized taxonomically, and in addition conside-
rable confusion exists on the identity of certain strains which have been assigned to a species, but may
differ greatly from the type strain of that species (42). However., sufficient data have been collected to
support a number of conclusions.

A close correlation can be observed between the enzymatic data and the taxonomic position of the
species, as determined by polar lipid composition and numerical taxonomy (42,44). Thus, Halobacterium
species such as Hb. salinarium, Hb. halobium, and Hb. cutirubrum, differ from the other members of the
Halobacteriaceae by the presence of an NAD'-dependent glycerol dehydrogenase, the absence of
methylglyoxal synthase, and the ability to grow anaerobically on arginine. Species such as Hb.
saccharovorum and Hb. sodomense, which at present are still classified within the genus Halobacterium,
have an enzymatic machinery greatly different from that of the Hb. halobium-Hb. salinarium group,
confirming the need for the removal of these species from the genus Halobacterium (42). The presence
of NAD -linked D-lactate dehydrogenase is characteristic of representatives of the genus Haloarcula,
which in their turn show very low activities of NAD'-independent D- and L-lactate dehydrogenases, if
atall. Another enzyme displaying considerable diversity is fructose 1,6-bisphosphate aldolase, with any
species investigated containing either the class I or the class Il enzyme. The correlation of the taxonomic
position of the species with the presence or absence of retinal pigments, RuBisCo, and the ability to use
different alternative electron acceptors, is less obvious. Comparative studies on other enzymes may
supplement our picture on enzyme diversity in the halophilic archaea, and these may also aid in the
elucidation of the taxonomic and evolutionary relationships within the group.
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Summary

Salmonella species penetrate (invade) and proliferate within non-phagocytic cells such as epithelial
cells. These two processes are essential for Salmonella virulence and have been shown to occur in the
intestinal epithelium and cultured epithelial cells. In recent years the signals that Sa/monella transmits
to the epithelial cell have begun to be elucidated. In this review, we summarize the most recent findings
about the molecular nature of the interactions between Salmonella and epithelial cells. These studies
reveal that Salmonella causes dramatic changes in the morphology of the host plasma membrane during
bacterial invasion, and that this pathogen exploits other host structures such as actin filaments and
lysosomes to trigger internalization and intracellular proliferation within non-phagocytic cells.

Key words: Salmonelia, intracellular bacteria, cell invasion, vacuole, epithelial cell

Resumen

Lasespecies del género Salmonella invaden células no fagociticas, tales como las células epiteliales,
y proliferan en el interior. Estos dos procesos son necesarios para desarrollar virulencia y se ha
demostrado que tienen lugar en el epitelio intestinal y en células epiteliales crecidas en cultivo. En los
ultimos afios se han empezado a conocer las sefiales que Salmonella transmite a la célula epitelial. En
esta revision se resumen los datos mds recientes relativos a la biologia molecular de la interaccién de
Salmonella con células epiteliales. Estos datos han demostrado que Salmonella induce cambios notables
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en la morfologia de la membrana citoplasmica de la célula huésped durante la invasién bacteriana. Este
patégeno utiliza también otras estructuras de la célula huésped, como filamentos de actina y lisosomas, para
inducir la internalizacién y proliferacion intracelular en células no fagociticas.

Introduction

Salmonellosis includes several clinical manifestations such as gastroenteritis (food poisoning), enteric
fever, bacteremia, and a carrier state (24). Although all serotypes of Sa/nionella can cause these different types
of salmonellosis, certain clinical symptoms are related to particular Salmonella species or serotypes (24).
Gastroenteritis is predominantly caused by the S. enteriditis serotypes enteriditis (known as S. enteriditis, with
higher incidence in Europe) and typhimurium (known as S. typhimurium, with more cases in North America).
Enteric fever is usually associated with S. fyphi and bacteremia with S. choleraesuis.

Nearly all Salmonella infections occur from oral ingestion of bacteria, followed by penetration of the
mucosa at the distal ileum of the small intestine and the proximal large bowel. At this stage, bacteria penetrate
the intestinal mucosa and reach the mesenteric lymph follicles, where they proliferate. Most infections do not
proceed beyond the local lymph nodes. More invasive species such as S. typhi and S. choleraesuis spread to
deeper tissues, causing bacteremia which leads to infection and intracellular proliferation within cells of the
liver and spleen. Therefore, in at least two stages during the course of infection, Salmonella interacts with non-
phagocytic cells: (i) during penetration of the intestinal epithelium and (ii) during intracellular proliferation
within cells of the liver and spleen. It is conceivable that Salmonella may proliferate intracellularly in the cells
of the intestinal epithelium. Although not discussed in this review, Salmonella interacts with phagocytic cells
such as macrophages underlying the intestinal mucosa. The survival of Sa/monella within phagocytic cells is
also essential for virulence. This aspect of the Salmonella pathogenesis has been recently reviewed (6).

The molecular biology of the interaction between Sa/monella and epithelial cells has been characterized
using several methods. including infection of cultured epithelial cells and specific genetic selection procedures
(9). It is generally accepted that the interaction of Sa/monella with non-phagocytic cells involves bacteria
internalization into the host cell, a process triggered by the infecting organism and formally known as invasion,
which is followed by the intracellular bacterial proliferation process (9). Intracellular bacterial growth takes
place in an expanding vacuole that occupies the entire pre-existing cytoplasm (9, 10, 11). Invasion of the
epithelial cell is an active process that requires bacterial protein synthesis and an intact actin filament network
supplied by the host cell (7, 38). Mutants belonging to different Su/monella serotypes with defects in invasion
of epithelial cells have been isolated, and the so-called “invasion genes” characterized (reviewed in 6). Host
plasma membrane receptors are elements of the host system used by Sa/monella to trigger bacterial uptake (3,
6).and the current data suggest that the invasion machinery used by Salmonella to invade epithelial cells could
be part of a more common mechanism used by other invasive bacteria (25).

The invasion process

Morphological description. In 1967, Takeuchi (42) provided a detailed morphological description of
S. typhimurium interacting with and invading guinea pig ileal intestinal epithelial cells. The alterations in the
morphology of the hostcell were summarized as follows: whenbacteriacome into close proximity to the epithelial
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cell surface, microvilli in the immediate vicinity begin to degenerate. Evident protrusion or swellings
containing large amounts of cytoplasm are observed in this area, and bacteria are internalized in
membrane bound vacuoles. often surrounded by the cytoplasmic protrusion. A localized and prominent
endocytic activity is also observed in this area. A characteristic of Sa/monella invasion is that initially
each organism is internalized within an individual vacuole, although at later times these vacuoles may
fuse. Salmonellareside within vacuoles during the entire intracellular stage. in contrast to other invasive
bacteria such as Shigella spp. and Listeria monocytogenes which lyse the bacteria-containing vacuole
to gain access to the cytoplasm of the host cell. The description made by Takeuchi was considered
representative of the Salmonella infection of non-phagocytic cells and has been confirmed by several
other groups (reviewed in 6).

In recent years, diverse in vitro models have been used to study the internalization of invasive
bacteria into non-phagocytic cells. Certain cell lines (of canine kidney and of intestinal human origin)
form polarized epithelial monolayers, in which cells have well developed microvilli. tight junctions and
defined apical and basolateral domains, mimicking acolumnar epithelial cell barrier. When S. ryp himurium
and S. choleraesuis were used to infect these cells as a model for intestinal penetration, identical
morphological alterations were observed as those reported by Takeuchi in the infected intact intestinal
epithelium (10, 11). Therefore, this model is considered extremely valid to examine the molecular
biology of the invasion process of Salmonella. The same alterations in the host cell were described with
adherent, non-polarized epithelial cells (15, 43), showing the efficiency of the entire invasion process
induced by Salmonella, which occurs within minutes (15).

Bacterial factors required for invasion. Two main genetic strategies have been used to select and
identify bacterial loci involved in invasiveness. They include the screening for an invasive phenotype
in a normally non-invasive bacterium (i.e., Escherichia coli K 12) after transferring DNA from an
invasive bacterium. This method is easy to test, but requires that the invasive phenotype be encoded by
a single gene or localized genes. This selection procedure permitted the identification and characteriza-
tion of the inv gene from Yersinia pseudotuberculosis (encoding the invasin protein) (26), and DNA
fragments related to invasion from Mycobacterium tuberculosis and S. ryphi (2, 4). In these two later
cases the genes are still uncharacterized.

A second strategy, transposon mutagenesis, has been used with diverse Salmonella species to select
for mutants unable to invade cultured epithelial cells. Non-invasive mutants have been isolated in S.
typhimurium, S. typhi. S. enteriditis and S. choleraesuis (13, 16, 35, 41). These mutants have been
classified into different classes, and as a result, it is known that mutations in lipopolysaccharide
biosynthesis decrease invasiveness in S. choleraesuis and S. typhi, but not in S. typhimurium (13, 35).
Motility seems to be a bacterial factor required for invasion of S. ryphi and S. typhimurium (29, 33). It
has been suggested that S. typhimurium invasion is affected by the direction of the flagellar rotation and
the physical orientation of flagella around the bacteria (27). This requirement of motility in invasion can
be avoided by centrifuging bacteria onto the monolayer of epithelial cells.

All these genetic studies emphasize the complexity of the genetic machinery used by Salmonella
to invade non-phagocytic cells. Nevertheless, an extensive and detailed characterization of an invasion
locus has beenreported for S. typhimurium (1, 16, 18). In acomplementation study of an invasion mutant
of S. typhimurium, Galan and Curtiss (16) isolated a DNA fragment that restored the invasive phenotype
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of the wild type strain and mapped at 59 minutes on the chromosome. In this study they reported the
existence of at least three genes, called invA-C. Lesions in these genes result in a slight decrease in
virulence when bacteria were delivered orally in the mouse, the animal model used for S. typ himurium
virulence. Further studies showed the existence of additional genes in the upstream region, named invE,
required for triggering the uptake of S. typhimurium into epithelial cells (23), invF, and invG (1). Up-
stream of invF, and transcribed in the opposite direction, is invH, a locus involved in adherence and
strongly conserved between Salmonella species and serotypes (1). Recently, Groisman and Ochman (25)
have also reported the existence of additional S. typhimurium genes located downstream of the inv locus
and involved in invasion of epithelial cells.

Different physiological studies have shown that S. ryphimurium invasivenessis regulated by growth
state (5, 30, 40). Increased invasion rates are observed when bacteria are grown in low oxygen tension
conditions (5, 30, 40). The inv locus of S. ryphimurium is also regulated by changes in DNA supercoiling
affected by osmolarity (17). Additionally, a “hyperinvasive” locus was identified, and mutations in this
locus uncouple invasion from its regulators, yielding constitutive invasive bacteria (31). Unlike Shigella
or Yersinia, Salmonella invasion does not depend on temperature. Inhibitors of bacterial protein or RNA
synthesis block Salmonella adherence and internalization (7), although it has been reported that bacteria
can invade epithelial cells in the presence of chloramphenicol (30). Prolonged inhibition of bacterial
protein synthesis block bacterial invasion (34), suggesting that the bacterial products involved in
invasion may be rapidly turned over.

Host factors required for invasion. The clear morphological alterations induced in the epithelial
cell during Salmonella uptake indicate that bacteria transmit localized signals at the host cell surface. The
final target of these signals is the host actin containing microfilaments. Treatment of cultured epithelial
cells with cytochalasins. which disrupts actin filaments, blocks Sa/monella uptake in different systems
(12, 14), although drugs that block microtubule polymerization, such as nocodazole, have no effect on
bacterial invasion. During invasion of epithelial cells Sa/monella induces a localized rearrangement of
cytoskeletal components, including actin, o-actinin, tropomyosin, talin and ezrin, in the area surround-
inginvading bacteria (12). These cytoskeletalrearrangements are closely correlated with the morphological
alterations associated with Sa/monella invasion, such as swelling and membrane ruffling. Both the
cytoskeleton and the host plasma membrane return to their normal distribution and morphology once
bacteria are internalized (12).

Several signals appear to be transduced in the host cell to trigger bacterial internalization (3, 38).
It is known that S. ryphimurium induces increases in the concentration of intracellular Ca?, which
correlates with the changes in the distribution of cytoskeletal components (23). A role of invE in this
process has been suggested by the incapacity of aninvE mutant to trigger the increase in Ca?* intracellular
and the cytoskeletal rearrangement (23). Release of intracellular Ca** is often mediated by fluxes of
inositol phosphate IP,. S. ryphimurium triggers fluxes of inositol phosphate upon infection of epithelial
cells (39), a process that correlates with the internalization of the bacteria. It has also been shown that
intracellular, but not extracellular, Ca** chelators block S. ryphimurium invasion (39).

It has been proposed that the epidermal growth factor receptor (EGF-R) is involved in the invasion
of cultured epithelial cells by S. ryphimurium (19). In this study it was shown that wild type bacteria
induce tyrosine phosphorylation of the EGF-R, an effect that was not observed with an invA mutant. The
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addition of EGF could restore the capacity of this mutant to penetrate epithelial cells. In a more recent
work, the same group proposed amodel of how S. ryp himurium transduces the signal to the epithelial cells
to trigger bacterial internalization (36). Bacteria activate EGF-R, which activates MAP kinase. Active
MAP kinase induce the activation of phospholipase A, (PLA,) which generates arachidonic acid. This
component is converted to leukotriene LTD, by 5-lipoxygenase and finally LDT, open Ca* channels,
with the subsequent influx of extracellular calcium, causing membrane ruffling, cytoskeletal
rearrangements, and bacteria internalization. However, there are several contradictions between this
model and different effects known to be induced by S. typhimurium. For example, it does notinclude any
role for sources of intracellular calcium, although chelators of intracellular calcium affect  S. ryphimurium
invasion (39). Nor does it explain the involvement of phospholipase C, which presumably generates the
inositol phosphates seen during S. typhimurium invasion. In addition, it is known that cell lines that do
notexpress EGF-R are efficiently infected by S. ryphimurium (19), and that drugs that inhibit specifically
tyrosine protein kinases, including EGF-R, have no effect on S. typhimurium invasion (37). Moreover,
two more recent reports have described that inhibition of rac and rho, two host proteins
essential for the EGF mediated cytoskeletal ruffling, are not involved in S. typhimurium
invasion (14, 28). The same group also showed that ruffling and bacterial internalization induced by
S. typhimurium can occur in cell lines that do not possess EGF-R (14). In conclusion, the current evidence
suggests that S. ryphimurium invasion of epithelial cells may not require activation of the EGF-R.

Intracellular bacterial proliferation

In contrast to the large number of reports describing Salnonella invasion, less is known about intracellular
bacteria enclosed in a vacuole, and how they proliferate actively in this intracellular environment. Two studies
have described the isolation of S. fyphimurium and S. choleraesuis mutants which are impaired for growth
inside epithelial cells but can grow extracellularly (so-called prototrophic rep-mutants) (8, 32). These mutants
were avirulent in the mouse typhoid model, and support the concept that specific genes are needed for the
intracellular proliferation process and that they are essential for Salmonella virulence.

Interestingly, the capacity of Salmonella to proliferate within vacuoles of the epithelial
cell begins approximately 4 h after the initial internalization (9, 13). This fact indicates that
there is a defined lag period in which bacteria may adjust to the intracellular environment of
the vacuole, probably modifying diverse host parameters to trigger the bacterial growth
process. The microenvironment of S. typhimurium-containing vacuoles has been partially
characterized in epithelial cells using transcriptional /acZ fusions to several regulated bacte-
rial genes (20). Measurement of B-galactosidase activity from such intracellular bacteria
suggested that S. ryphimurium-containing vacuoles should have low concentrations of cations
such as Fe?*, Mg**, mild-acidic pH, lysine and oxygen (20).

In another recent study, host membrane markers present in the S. typhimurium-containing vacuoles
have beenidentified. Cell surface molecules such asclass IMHC heavy chain, Bz-microglobulin, fibronectin
receptor (i, integrin), and CD44 (hyalorunate receptor) are all aggregated by S. typhimurium in the
host plasma membrane during bacterial internalization (22). Of these molecules, only class IMHC heavy
chain is predominantly incorporated into the membrane of bacteria-containing vacuoles during the initial
stages of infection (22). These data showed that S. ryphimurium is able to induce selective aggregation
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and internalization of host cell surface molecules during bacterial uptake. These processes are probably
linked to the actin rearrangement induced by S. ryphimurium (12), and are not induced by other invasive
bacteria which reside in vacuoles, such as Y. enterocolitica or a S. typhimurium invasion mutant that
invade epithelial cells using the Yersinia-mediated internalization pathway (22). Differences in the
composition of the vacuolar membrane may support the capacity of Salmonella to proliferate intracellularly
within vacuoles. A certain vacuolar membrane composition may directly target the bacteria-containing
vacuoles to specific locations within the epithelial cell. Indeed, recent observations suggest that
S. typhimurium reside in vacuoles fusogenic with lysosomes yet by-pass the late endosome compartment,
an obligate stage in the endocytic route (Garcia-del Portillo and Finlay, submitted).

Another interesting effect produced by Salmonella species upon invasion of epithelial cells is the
intimate interaction with the lysosomal system of the hostcell (21). Salmonella is targeted to vacuoles
containing lysosomal membrane markers at approximately 2 h after infection. At 4 h after in-
fection, and coincident with the initiation of intracellular bacterial proliferation, long filamentous
structures containing lysosomal markers and connected to the bacteria-containing vacuoles are also
observed (Fig. 1) (21). These filamentous structures appeared in diverse human epithelial cells infected
with all the Salmonella species and serotypes tested, including S. typhimurium, S. enteriditis, S.
choleraesuis, and S. dublin. The linkage of the redistribution of lysosomes to the intracellular bacterial
proliferation is supported by several lines of evidence: (i) they are not induced by certain avirulent S.
typhimurium and S. choleraesuis mutants which are unable to proliferate inside the vacuoles (Fig. 1), (ii)
they do not appear when S. ryphimurium is killed with antibiotics, and (iii) they are not induced by
invasive bacteria that reside in vacuoles but not proliferate intracellularly such as Y. enterocolitica (Fig.
1). The filamentous lysosomes triggered by Sa/monella require an acidic intravacuolar pH and an intact
microtubule network provided by the host cell (21). These results confirm the capacity of Salmonella to
establish specific interactions with host organelles such as lysosomes, inducing dramatic alterations in
their morphology and functionality to trigger intracellular bacterial proliferation.

Concluding remarks

The most recent data relative to the molecular biology of the interaction of Salmonella
with non-phagocytic cells are summarized in Table 1. The current data suggest that this
bacterium uses a very efficient system to induce internalization by epithelial cells, although the
specific receptor(s) remains unidentified (3, 6). The extensive changes in the morphology of
the host plasma membrane during bacterial uptake, including membrane ruffling and increased
vacuolization (10, 14, 23), are natural processes which can be triggered by other cellular
factors. Binding of natural ligands to plasma membrane receptors activates a signal cascade in
which proteins such as rac, rho, and ras are involved. It happens that Sulmonella invasion does
not depend on the activity of any of these host proteins (28), although activation of MAP
kinase, which is located downstream in the activation cascade, has been observed (36). One
controversial aspect in the field is the requirement of host protein tyrosine phosphorylation for
Salmonella invasion. Further work is required, including characterization of the different
invasion mutants isolated in diverse Salmonella species and serotypes. Another note of interest
are the significant homologies that have recently been found between different virulence genes
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TABLE 1
EXPLOITATION OF HOST FUNCTIONS BY Salmonella DURING INVASION AND
INTRACELLULAR PROLIFERATION WITHIN EPITHELIAL CELLS

Process Bacterial factors Host factors Induced host References
required required signal activity®
Invasion Protein synthesis, Actin filaments Phospholipase C, 5,12,19,29,
’ motility? [Ca*], EGF-R?, 30, 33-36,

low oxygen growth, MAP-kinase 38-40
lipopolysaccharide®

Intracellular  Factors involved in Mild acidic

bacterial filamentous lysosome  intravacuolar pH, 7? 21,32

proliferation  formation microtubules

¢ Reported for S. typhimurium and S. typhi, but not for S. choleraesuis.
®Required by S. typhi and S. choleraesuis, but not by S. typhimurium.
“Only characterized with S. typhimurium.

in several bacterial pathogens (25). It is now known that the InvA protein from S. typhimurium
shares homology with LcrD from Yersinia and MxiA from Shigella flexneri. LerD is a mem-
brane bound calcium regulator involved in Yersinia pathogenesis, and MxiA is involved in
exporting Shigella invasion antigens to the bacterial surface. Furthermore, several plant
pathogens have similar secretory systems, including HrpO from Pseudonomas solanacearum
and HrpC2 from Xanthomonas campestris. The homology between Salmonella and Shigella
has been extended to several Salmonella genes of the iny locus and the spa genes of S. flexneri,
which, like mxiA, are needed for secretion of invasion antigens to the bacterial surface (25).
These results indicate that the complex machinery needed to transport virulence proteins is
conserved in Yersinia, Shigella, Salmonella and various plant pathogens.

The intracellular bacterial proliferation, a process essential for Salmonella virulence,
emphasizes the capacity of the bacteria to interact with specific organelles of the host cell (6,
21). The formation of filamentous lysosomes that occur in epithelial cells infected with
Salmonella provides a clear example of exploitation of host organelles. This process is
probably mediated early in the infection, since differences in the membrane composition of the
initial bacteria-containing vacuoles have been observed for Salmonella and Yersinia species
(22). Future work needs to establish in detail the intracellular trafficking of Sa/monella-containing
vacuoles, the bacterial genes involved in this process, and the nutrient sources within the host cell that
permit Salmonella to proliferate yet remain enclosed within a vacuole. Moreover, the unconventional
targeting of Sa/monella to lysosomes within the epithelial cell, which basically maintain the bacteria
separated from the endocytic route, evidence this pathogen as a useful biological tool to under-
stand the process of lysosome biogenesis in eucaryotic cells.
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FIG. 1. Formation of filamentous lysosomes in S. typhimurium-infected HeLa epithelial cells. Indirect
immunofluorescence images show distribution of the human lysosomal membrane glycoprotein hlamp-2 (A, C,
D, E) and bacterial lipopolysaccharide (B). (A, B) S. typhimurium SL1344 (wild type strain)-infected cell.
(C) Uninfected cell. (D) Y. enterocolitica-infected cell. And (E)S. typhimurium strain 3-11 (rep~ mutant)-infected
cell. All infected cells were fixed and processed for immunofluorescence at 6 h after infection. Large arrows show
location of intracellular bacteria. Small arrows indicate filamentous lysosomes connected to bacteria-containing
vacuoles. Bar: 10 um. Modified from (21).

Inconclusion, genetics, biochemistry and cell biology of the interaction of Salmonella with non-phagocytic
cells are starting to be defined. The complementary and often surprising results will provide the necessary
information to combat salmonellosis, a disease which continues to be a significant health problem worldwide.
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Summary

In the light of recent genetic advances, some results regarding chitin biosynthetic activities are
reviewed in this paper. Genes coding for distinct enzymes displaying chitin synthetase activities have
been characterized in Saccharomyces cerevisiae as well as in other fungal species including Candida
albicans. Several activities seem to exist in the cells: (i) one zymogenic, located in cytoplasmic vesicles
called chitosomes, although the presence of other types of vesicles with zymogenic activity cannot be
completely discarded, and (ii) plasma membrane associated activities (the active enzyme and probably
two distinct pools of zymogenic activity). Possible relationships between these activities, if any, remain
to be determined. These multiplicity of enzymes is not surprising taking into account that chitin
biosynthesis is required during very well defined temporal and spatial events of the cell cycle. A general
repair function for one of the chitin biosynthetic activities is proposed as a possible salvage mechanism
to warrant cell survival after wall damage has been caused, since chitin appears to be the most suitable
polymer to carry out this function due to its particular physico-chemical properties.

Key words: chitin synthetases, Candida albicans, chitosomes, plasma membrane, cell wall, chitin

Resumen

En este articulo se revisan algunos aspectos de la actividad quitina sintetasa en hongos, teniendo en
cuenta los recientes avances que en el terreno de la genética se han producido en este campo. En
Saccharomyces cerevisiae y en otras especies, incluyendo Candida albicans, han sido identificados
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varios genes que codifican la sintesis de distintas enzimas con actividad quitina sintetasa. Teniendo en
cuenta su localizacion subcelular y sus caracteristicas fisioldgicas, parecen existir distintas actividades
biosintéticas de quitina en las células fingicas: (i) enzima inactiva (zimégeno), asociada a un tipo
particular de microvesiculas citopldsmicas denominadas quitosomas (aunque no debe descartarse la
existencia de otras estructuras subcelulares que contengan también quitina sintetasa zimogénica), y (ii)
actividades asociadas a la estructura de lamembrana plasmadtica (la enzima activa in vivo, asi como muy
probablemente dos poblaciones distintas de actividad zimdgena). Las posibles relaciones, si es que existe
alguna, entre todas estas actividades enzimaticas, estan todavia por determinar. La existencia simultdnea
de las mismas en las células no debe sorprender si se tiene en cuenta que es necesaria la sintesis de quitina
durante etapas concretas, perfectamente definidas tanto espacial como temporalmente, del ciclo celular.
Se propone que una de las actividades biosintéticas de quitina presentes en las células tiene asignada una
funcién reparadora de tipo general, como un posible mecanismo de salvamento para garantizar la
supervivencia celular tras producirse dafios en la estructura de la pared celular fiingica. Ello se debe a
que, a causa de sus caracteristicas fisico-quimicas, la quitina parece ser el polimero mas adecuado para
llevar a cabo esta funcién de reparacion.

Introduction

Several extensive and well documented reviews on chitin synthesis in fungi have been recently
published (9, 35, 36). The aim of this work is not to extensively review again this topic, but to present
distinct aspects related with the subcellular distribution of chitin biosynthetic activity and the synthesis
of the polymer, mainly in Candida albicans, in order to re-evaluate the significance of different chitin
biosynthetic activities, the relationship between enzyme populations, and their possible function.

Chitin is an insoluble polysaccharide made of 8-(1,4)-linked N-acetylglucosamine units. This
biological polymer, which is known to be second more abundant natural substance after cellulose, is one
of the structural microfibrillar components of the fungal cell wall (35, 36), structure which maintains the
morphologic shape of the cells and that play essential roles in fungal morphogenesis (37, 38) and in the
relationships of fungi with the external environment (11, 12, 40).

Chitin, chitin synthesis, and morphogenesis in Candida albicans

C.albicansisanopportunistic pathogen that exhibits several morphological shapes (chlamydospores,
yeast, pseudohyphae, and hyphae), yet two of these forms (yeast and mycelium) are the most frequently
found in nature, depending on different external factors such as composition of culture medium, pH, and
temperature. Although factors which influence the form growth in vivo are not defined. the yeast form
is associated with the presence of the organisms as a commensal in the normal host, while the hyphal
morphology is additionally observed in infection. The ability to form hyphae appears to be one of the
important virulence factors of this fungus (31).
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The wall of C. albicans yeast cells consists of a fibrillar framework mostly made of non-cellulosic
B-glucans, and chitin as minor component (0.6-2.7% of the dry weight of the wall), embedded in a matrix
composed mainly of mannoproteins. From a chemical point of view composition of mycelial walls is
basically similar to that of yeast cells, although qualitative and quantitative differences in the relative
amounts of the distinct wall components have been detected (37, 40). Thus, regarding chitin, mycelial
walls contain roughly three-fold more of this polymer than yeast cell walls (14, 16,40). In any case, there
is no correlation between the morphology of fungal cells and the amount of chitin present in their walls,
as some dimorphic fungi contain more chitin in the mycelial versus the yeast forms. whereas in other
species the opposite situation is observed (35, 36).

In budding yeast, chitin is mainly present in the primary septum between the mother and daughter
(bud) cells, and a small amount of chitin is also uniformly dispersed over the entire cell wall. In hyphae
chitin is located in the inner layers of the cell wall. In the hyphal apex, chitin appears to be the main
component, as well as in the septa that separates cell compartments along the hyphae (35, 36).

Most chitin synthetase activity from the yeast phase of C. albicans is found in a zymogenic state,
being activated in vitro by proteolysis (6, 7, 14). During germ tube formation and mycelial growth there
is an increase in the specific activity of the enzyme. Thus, mycelial cells contain several fold the activity
present in yeast (6, 14, 16, 33).

With respect to the subcellular distribution of the enzymatic activity, two locations have been
clearly established: (i) plasma membrane, the structure where chitin synthesis takes place, containing
both zymogenic and active (non-zymogenic) enzyme (6, 7. 24, 25), and (ii) chitosomes, cytoplasmic
microvesicles containing fully zymogenic enzyme which may act as conveyors of chitin synthetase to
its final destination to the cell surface (23-25). Chitosomes were first discovered in the yeast form of
Mucor rouxii and were described and further characterized later in other chitinous fungi (2, 35, 36). The
above mentioned subcellular distribution of chitin synthetase (i.e., plasma membrane and chitosomes)
is similar in both morphogenetic phases and protoplasts of C. albicans (23-25).

During regeneration of protoplasts obtained from C. albicans, yeast and mycelial cells, a skeleton
of chitin is the first structure appearing externally to the plasma membrane (16, 30). During the
regeneration process, which initially leads to the appearance of hyphae-like structures, chitin synthetase
activity exponentially raised (16). Chitin is also the first polymer deposited during the apical growth of
fungal cells (35, 36).

The formation of the final cell wall structure appears to depend on the establishment of different
types of linkages between its distinct molecular components. Chitin seems to play an essential role in
the initial steps of this process, although other wall components such as the mannoproteins and glucans
appear to play also an important morphogenetic function (12, 37, 38).

Chitin synthetase genes

The genetics of chitin synthetases in fungi have been recently reviewed with great detail by Bulawa
(9) and Robbins et al. (34). Hence, here we will only deal with the most relevant features about this topic.
In the budding yeast S. cerevisiae three distinct chitin biosynthetic activities have been described
so far. CHSI and CHS?2 genes encode closely related proteins, chitin synthetase I and II, whose in vitro
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activationrequire proteolytic treatment (10, 32). The third enzyme, chitin synthetase I11. is active in vitro
without protease treatment, and at least three genes, CALI (=CSD2), CAL2 (=CSD4) and CAL3, are
needed for its activity (8, 39, 41).

These enzymes have different roles in cell physiology. One of them, chitin synthetase I, is required
for normal budding in acidic media and seems to have a repair function during cell separation. Chitin
synthetase II is involved in septum formation between mother and daughter cells and is also required for
cell separation and normal morphology. Chitin synthetase III is responsible for the synthesis of 90% of
the cell wall chitin, including the chitin ring at the site of bud emergence and the chitin in the rest
of the wall (9).

Although one may expect the existence of similar chitin synthetase activities in C. albicans, as this
fungus possess a higher genetic and morphological complexity than S. cerevisiae, only two genes coding
for chitin synthetases have been described so far in C. albicans (34). The CaCHS! gene was cloned by
complementationin S. cerevisiae chsl mutant (1). The product of CaCHS! gene is membrane-bound and
also requires partial proteolysis for its activation. Using the polymerase chain reaction (PCR) a second
CHS homologue (CaCHS?2) whose product differs in the biochemical properties, has been detected (13).
Expression of this gene is induced several fold during the yeast-to-mycelium transition (13), and
homozygous chs2 mutants of C. albicans have no obvious defects in growth (21), although the amount
of chitin in hyphal cells is reduced by 20-50%. The products of the Candida CHSI and CHS2 genes are
likely zymogenic enzymes similar to that encoded by Saccharomyces CHS1 and CHS2 genes (34).

Analysis of genomic DNA from taxonomically different fungal species by PCR technology showed
that most species have several chitin synthetase gene homologues, whose sequences, except that of S.
cerevisiae CHSI. belong to three distinct groups (5). Whether the genes of each group play similar
functions is a question that remains to be answered.

Subcellular distribution of chitin biosynthetic activity

Findings emanating from the genetic approach and that were mentioned in the previous section, lead
us to reconsider the state of the art on the subcellular distribution of chitin synthetase.

It is known that several activities may be present both in cell-free extracts and subcellular fractions,
and that such activities differ in their biochemical properties., being thus difficult to interpret the results
obtained. The presence of a partly active enzyme attached to the plasma membrane and of a zymogenic
activity bound to microvesicles called chitosomes, is currently accepted (see above). It seems clear that
at least three activities are present: (i) active and (ii) zymogenic plasma membrane bound enzymes and
(iii) chitosomal chitin synthetase. However, the relationships between the different activities, if any,
have been not clearly established yet. Thus, is the zymogenic membrane-bound enzyme precursor of the
active one? Do the chitosomes fuse with the plasma membrane? No precursor-product relationship has
been found between chitosomes and plasma membrane enzyme. Protein synthesis inhibition does not
produces a decay in the chitosomal activity and, in addition, the ratio total activity/zymogenic activity
in membrane preparations remains unaffected (24). Hence, the possibility that all three enzymes
correspond to distinct gene products cannot be ruled out.
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Regardless the purification procedure used to obtain chitin synthetase active preparations, research-
ers have currently focused on the main pools with activity obtained. whereas other minor peaks or
fractions of unknown nature have been often reported as artifacts produced during cell fractionation
manipulations. However. this seems to be the simplest interpretation of the different experimental
findings.

In this context, Flores-Carreén et al. (20) described two distinct pools of zymogenic activity in
toluenized cells of M. rouxii, in addition to the active enzyme. Each zymogenic pool was suggested to
be differentially located, one associated to the plasma membrane and the other bound to the chitosomal
fraction, on the basis of inactivation of the membrane-bound zymogen observed in cells treated at acid
pH. However, it is now widely accepted that the plasma membrane bound activity is located at the inner
face of the membrane, as it do not result inhibited when protoplasts are treated with glutaraldehyde (6,
15), and chitosomal enzyme might be not activated by exogenous proteases in permeabilized cells (18,
33; Gozalbo. unpublished observations). Consequently. it cannot be dismissed that both zymogenic
pools actually represent enzymes attached to the plasma membrane of M. rouxii but with a distinct
topologicallocation in the membrane structure. In addition, several experiments carried outin S. cerevisiae
and C. albicans point out that in vivo and in vitro activation of zymogenic chitin synthetase are different
processes, since active and activated membrane-bound enzymes differ in several properties such as pH-
dependent activity kinetics, requirement of free N-acetylglucosamine, and digitonin solubilization
properties (18, 22). Evidence for two zymogenic pools of membrane-bound activity in C. albicans has
been found by treatment of the membrane fraction with digitonin and trypsin under different conditions
(26). All the above mentioned findings point to the possibility that more than one gene product with chitin
biosynthetic activity is bound to the membrane. In support of this contention there is additional evidence.
Digitonin exclusively solubilizes, under particular conditions, the zymogen (but not the in vivo active)
membrane-bound form of the enzyme, and after in vitro proteolytic activation, the activated zymogen
continues being solubilized by the detergent (22). Besides. centrifugation of distinct digitonin-solubilized
preparations, which contain either zymogen, in vivo active enzyme and/or in vitro activated enzyme, on
linear density gradients indicates that both zymogen and trypsin-activated enzyme sediment slightly
slower than the active enzyme (26). These results suggest that differences exist between the activation
processes in vivo and in vitro or, alternatively, that both enzyme activities (active in vivo and zymogenic)
correspond to different gene products.

On the other hand, there is a body of experimental data which may suggest the existence of more
than one type of microvesicles containing zymogenic chitin synthetase activity (chitosomes). Hanseler
etal. (27) found two distinct populations of chitosomes from Agaricus bisporus when cell-free extracts
were treated with digitonin, proposing that the one released after treatment with the detergent
corresponds to chitosomes bound to wall and/or plasmalemma, whereas the other one, that does not
require detergent to be released, represents cytoplasmic microvesicles. Kang et al. (28) detected a minor
peak of chitin synthetase activity lighter than the activity peak corresponding to the plasma membrane,
following centrifugation of a lysate of con A-treated protoplasts (Con A treatment avoids plasma
membrane fragmentation during cell lysis) of S. cerevisiae on renografin gradients. This lighter peak
appeared to be unrelated to the activity bound to plasma membrane and no precursor-product relationship
was found for both enzymes. A similar light peak of chitin synthetase, accounting for a minor percentage
of the total activity detected, was also reported by Durdn et al. (15). Leal-Morales et al. (29) found, in
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addition to «classic» chitosomes and plasma membrane-bound chitin synthetase, a second population of
microvesicles containing zymogenic activity in S. cerevisiae. Similarly, when a partially purified ve-
sicular fraction obtained from S. cerevisiae protoplasts lysates was centrifuged on linear sucrose gradi-
ents, several minor peaks of activity were observed along with the large peak of chitosomal chitin
synthetase (19). Furthermore, two fractions containing chitin synthetase activity, plasma membrane and
chitosomes, have been detected both in yeast and mycelial cells as well as in protoplasts of C. albicans
(23-25). However, during these subcellular fractionation experiments performed following distinct
procedures, different zymogenic pools of activity were observed. A possible artifactual origin for these
pools was suggested as their detection was dependent on the method used to disrupt the cells (24, 25),
yet it is also possible that at least some of these minor fractions exhibiting chitin synthetase activity,
reflects genuine subcellular structures which may require particular conditions either for their separation
from the major pools of enzyme and their optimal in vitro detection.

From all the above mentioned experimental findings, it can be suggested that some of the minor
fractions containing chitin synthetase activity actually correspond to minor subcellular pools, or that are
detected as such due to the experimental conditions. The situation initially presented on the subcellular
distribution of chitin synthetase could become more complicated, considering that several chitin
synthetases, i.e., the active enzyme and possibly two different zymogenic activities, may be bound to the
plasma membrane, and in addition, although chitosomes are well defined organelles containing
zymogenic enzyme, other subcellular vesicular structures may also possess chitin synthetase activity.

Chitin biosynthesis as a repair function

Taking into account all the above mentioned considerations, one can imagine that each cellular
event requiring chitin biosynthesis may involve a chitin synthetase activity with particular properties,
such as regulation of the expression, activating/inactivating mechanism, and subcellular location, in
order to maintain integrity and accuracy of physiological processes. What it seems clear is that chitin
synthetases act where and when the wall structure has been partially degraded by physiological processes
to allow the progression of morphological events. In this context, it may be considered that all chitin
synthetases have a «repair» function leading to the building of new structures. The physico-chemical
properties of chitin, which allow a rapid polymerization of nascent chitin into crystalline microfibrils,
makes this polymer the most suitable candidate to carry out such function. In addition, chitin synthesis
is a process temporally and spatially well defined to allow deposition of chitin at the specific cell surface
sites when the polymer is required and in the amounts needed for proper morphological events. In this
context, distinct enzymes may have evolved to perform different specific functions.

On the other hand, it has to be noted that microscopic fungus may live in habitats where a wide
variety of organisms including other fungal species and bacteria are also present, and that colonization
of new habitats implies a competition to ensure survival. Hydrolytic enzymes with potential activity on
the fungal cell wall are widely distributed in the biosphere and consequently may play a role in such
competition. In fact, chitinases are commonly found in a wide range of organisms, including bacteria,
fungi, higher plants, insects, crustaceans, and some vertebrates. Although a major role of chitinases
found in fungi, crustaceans, and insects is modification of the organism’s structural constituent chitin,
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these hydrolytic enzymes may also function as aggressive agents which interfere with the normal growth
of chitinous fungi. Thus, the production of chitinases by plants is considered to be a part of the defense
mechanisms against fungal pathogens, and bacteria produce chitinase to digest chitin primarily to utilize
it as a carbon and energy source (3, 4, 42).

Of course, chitin-producing microorganisms should be able to mount the adequate countermeasures
to respond to this aggression. A possible strategy to avoid the action of hydrolyzing enzymes could be
simply to neutralize their effect, by repairing damages in the cell wall structure at the sites where they
were produced; in this context, chitin deposition seems to be the more effective system. Thus, the
existence of a chitin synthetase activity specialized in this repair function can be envisaged. This enzyme
would act as a salvage system to avoid cell destruction as a consequence of the aggression by lytic
enzymes. Although probably some parts of the wall are more sensitive to hydrolytic activities than
others, this salvage system should be able to act over the entire cell wall. How to ensure this? There are
two possibilities: (i) the enzyme is distributed in an inactive (zymogenic) state over the whole surface
(plasma membrane) of the cell and is selectively activated at the sites where chitin synthesis is required,
or (ii) an intracellular pool of zymogenic enzyme (chitosomes?) specifically moves to the damaged sites
of the cell surface to synthesize chitin after its activation.

There is some evidence in favour of the existence of the chitin synthetase repair function:

(1) A network of chitin is the first structure appearing on the cell surface during regeneration of
fungal protoplasts. This process occurs independently of the original morphology of cells (yeast or
hyphae) from which protoplasts are obtained and the specific cell wall composition of the individual
fungal species examined (16, 30, 37).

(ii) Some molecules, such as N-acetylglucosamine and chitodextrines have been described to be
stimulators of chitin synthesis in several systems (35). However, these molecules are not incorporated
into chitin but they rather represent hydrolytic products from cell wall components, which may stimulate
chitin synthesis when cell wall degradation occurs.

(iii) Chemicals, such as calcofluor white, which interferes with chitin crystallization, appear to
cause an increase in the amount of chitin synthesized by cells (17).

According to the hypothesis raised above (chitin biosynthesis as a repair function) the yeast-to-
mycelium transition of C. albicans, which implies an increased level of chitin biosynthesis, may be
partly regarded as an adaptative response of the fungus to both in vivo or in vitro aggressive conditions,
such as the host immunological system or the starvation period and the incubation temperature shift used
to induce germ tube formation. As the mycelium is though to be the most virulent morphologic phase
of this fungal species (31), antibodies may interact with cell surface components, particularly with the
mannoproteins which act as the most immediate elicitors of the host immune system, in addition of
playing animportant role in configuring the final cell wall structure (11, 12,37, 38,40). Such interaction,
may interfere the cell wall construction and consequently induce an increase of chitin synthesis.

Final remarks

Chitin appears to be the most suitable polymer to sustain cell wall strength at the sites where wall
structure has been damaged either as a result of physiological processes or external aggression. However,
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chitin lacks the ability to build the wall structure by itself, and thus configurate cell morphology. Hence,
proper cell wall structuration will imply the interaction between skeletal polymers (glucans and chitin)
either among them and with proteins and glycoproteins which. as above stated, may play a modulatory
role in this process. Chitin biosynthesis is involved in several physiological events which are accurately
regulated both spatially and temporally. This points out to the existence of several chitin biosynthetic
activities able to synthesize the polymer at specific cell surface sites to allow proper cellular growth. Such
activities should be differentially located and/or regulated as they are involved in distinct cellular
processes. In fact, several functionally distinct chitin synthetases are present in S. cerevisiae and a
similar, or even more complex (in the case of polymorphic fungi ) situation may also occur in other fungal
species including C. albicans.
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Summary

Ninety-six Escherichia coli strains isolated from cultures of blood specimens taken from
both urosepsis patients (n = 48) and non-urosepsis patients (n = 48) were examined for the
production of o-haemolysin (Hly) and cytotoxic necrotizing factor type 1 (CNF1), the expres-
sion of P-fimbriae and mannose-resistant haemagglutination (MRHA). Twenty-seven (56%) of
the E. coli strains from urosepsis showed some of the virulence factors investigated, whereas
only 15 (31%) of the strains associated with non-urosepsis possessed virulence factors (P <0.05).
By contrast, only 16% (P < 0.001) of the faecal isolates from healthy individuals were virulent.
Of the bacteremic E. coli strains, 56 (58%) belonged to one of 8 serogroups (O1, 02, 04, 06,
08, 09,018 and 0O83). Virulence factors were concentrated in strains belonging to serogroups
02,04, 06, 018 and O83. Thus, 23 (72%) of the 32 strains of these 5 groups showed virulence
factors, but only 19 (30%) of the 64 strains belong to other serogroups (P < 0.001). The ma-
jority of bacteremic 02, 04, 06 and O83 E. coli strains were Hly*CNF1*and expressed P-fimbriae
or MRHA type III, whereas the strains of serogroup O18 were Hly*CNF1- and had P-fimbriae.
We conclude that strains from urosepsis show more virulence factors than bacteremic strains
isolated from non-urosepsis.
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Resumen

El objetivo de este estudio es comparar los factores de virulencia y los serogrupos O de las cepas
de Escherichia coli causantes de urosepsis con los de las cepas asociadas con bacteriemias de otros
origenes. La produccién de o-hemolisina (Hly) y del factor necrético citotéxico tipo 1 (CNF1), la
expresion de fimbrias P y de los tipos de hemaglutinacién resistente ala manosa (MRHA)ITI, IVay I'Vb,
se detectaron mds frecuentemente en cepas causantes de urosepsis que en cepas aisladas de otros tipos
de sepsis. Concretamente, 27 (56%) de las 48 cepas de urosepsis presentaron al menos uno de los factores
de virulencia estudiados, frente a tan sélo 15 (31%) de las 48 cepas aisladas de otros tipos de sepsis
(P < 0,05). En cambio, solamente el 16% (24/154) de las cepas fecales de control aisladas de personas
sanas presentaron factores de virulencia (P < 0,001). E1 58% (56/96) de las E. coli bacteriémicas per-
tenecieron a ocho serogrupos (O1, 02, 04, 06, 08, 09, 018 and 083), los cuales predominaron tanto
entre las cepas aisladas de urosepsis como de sepsis de otros origenes. Los factores de virulencia se
encontraron en las cepas de los serogrupos 02, 04, 06, 018 y 083, ya que 23 (72%) de las 32 cepas de
estos ¢inco serogrupos mostraron factores de virulencia, frente a tan sélo 19 (30%) de las 64 cepas
pertenecientes a otros serogrupos (P < 0,001). La mayoria de las E. coli bacteriémicas de los serogrupos
02, 04, 06 y 083 resultaron ser Hly*CNF1* y expresaban fimbrias P o el tipo MRHA 1III, mientras que las
cepas del serogrupo O18 eran Hly*CNF1-y tenfan fimbrias P. Se concluye que las E. coli bacteriémicas de
origen urinario poseen mas factores de virulencia que las cepas responsables de sepsis de otros origenes.

Introduction

Escherichia coli is one of the most common microorganisms found in blood cultures. Bacteriareach
the bloodstream from many different sites of infection, especially from the urinary tract (2,16). Although
numerous studies have addressed the frequency of virulence factors in E. coli cultured from the urine of
patients with cystitis and acute pyelonephritis, little is known about the virulence factors of bacteremic
E.coli(1,2,11,12, 16, 18). Blanco et al. (1) have recently described that E. coli isolated from sepsis
belong to a limited number of serogroups, mainly 02, O4, 06, O7, O8 and O75, and show virulence
factors similar to those shown by strains responsible for urinary tract infections (UTI), such as the
production of the o-haemolysin (Hly) and the cytotoxic necrotizing factor type 1 (CNF1) and the
expression of P-fimbriae and the mannose-resistant haemagglutination (MRHA) types III, IVaand IVb.
In this study we have compared the virulence factors and serogroups of the bacteremic E. coli strains that
cause urosepsis (bacteremia arising from primary infection of the urinary tract) with those isolated from
NON-Urosepsis.

Materials and methods
Patients and clinical isolates of E. coli. Ninety-six E. coli strains were isolated from cultures of

blood specimens taken from patients treated in the Hospital Xeral-Calde of Lugo and in the Hospital
Comarcal da Costa of Burela (Galicia, North-western Spain) between 1989 and 1992. The patients
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belonged to different age groups (range 15 days to 92 years). Patients were grouped according to the
source of the bacteremia by retrospective review of clinical data obtained from hospital records. Only
when strong (> 10° bacteria/ml of urine and/or symptoms and signs of UTI) evidence that a simultaneous
E. coli urinary tract infection was the probable source of the bacteremia it was the infection classified
as E. coli urosepsis. The patient charts were reviewed before knowing the results of the parameters
investigated. From each patient, a single E. coli colony was examined. One hundred and fifty-four E. coli
strains isolated from the stools of 102 healthy individuals from a widely varying age group were used
as controls. From each faecal sample five colonies with the typical appearance of E. coli were randomly
chosen, investigated for production of toxins, MRHA and P-fimbriae, then serotyped. When one healthy
person yielded colonies with different toxic phenotypes, MRHA types or serogroups, only one of each
was selected for statistical analysis. In individuals in which the five faecal isolates were identical, only
one was considered for comparative studies (Table 1). Isolation and identification of E. coli was per-
formed by standard bacteriological methods. Strains were stored at room temperature in nutrient broth
(Difco) with 0.75% of agar.

Production and detection of toxins. Haemolysis was observed after 24 h of growth on blood agar
base medium containing 5% (v/v) washed sheep erythrocytes. For detection of CNF1 the filtrates of
cultures treated with mitomycin C were assayed on Vero and HeLa cell monolayers as previously
described (4). Seroneutralization assays with CNF1 antiserum were carried out to confirm the production
of CNF1 (8).

P-fimbriae and haemagglutination tests. Identification of P-fimbriae was performed by a com-
mercial P-fimbriae-specific agglutination test (PF test, Orion Diagnostica, Finland) (13). Mannose-
resistant haemagglutination (MRHA) was determined by the rocked-tile method with human group A,
calf, guinea-pig, adult chicken, sheep and pig erythrocytes as previously described (1). Strains were
grouped according to their MRHA patterns into the six MRHA types (I to VI) of our classification (1).
For both P-fimbriae and haemagglutination tests, bacteria were grown in batch culture in Mueller-Hinton
broth at 37°C for 5 days and the pellicle formed was plated on CFA agar and incubated at 37°C for 18 h.

Serotyping. Serotyping of the O antigen was carried out by means of a micro-technique described
by Guinée et al. (10) and modified by us, using the 101 antisera listed in a published paper (3). The
antisera were absorbed with the corresponding cross-reacting antigens to remove the non-specitic
agglutinins. The antisera were obtained from the National Institute of Public Health and Environmental
Protection (Bilthoven, Netherlands) and Difco Laboratories (Detroit, MI).

Control strains. Reference E. coli strains used as positive and negative controls were: C1212-17
(06:K12:H1.P-fimbriated, MRHA IVa*, Hly*),C1976-79 (O1:K1:H7, P-fimbriated, MRHA IVa*, Hly*),
MRA48 (075:K95, MRHA III*, CNF1*, Hly*), MR199 (06:K 13, MRHA III, CNF1*, Hly*) and K12-185
(non-toxigenic strain MRHA").

Statistical methods. Results were compared by using the )(* test with Yates’ correction for continuity.
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Results and discussion

E. coli is the most common Gram-negative bacillus causing infection of the bloodstream and urinary
system (2, 16). Adherence of bacteria to the host epithelium is an important virulence factor; in uropathogenic
E. coli this is mediated mainly by P-fimbriae. P-fimbriation is characteristic of strains causing upper urinary
tract infections in children and adults as well as pyelonephritis leading to urosepsis in adults (12, 13). Besides
bacterial adherence, several virulence factors may contribute to the pathogenicity of bacteremic E. coli,
such as the production of Hly and CNF1 (1, 6). We have previously developed a simple, rapid and eco-
nomical typing system of E. coli strains based on their MRHA pattern that was found to be useful for the
presumptive identification of pathogenic strains. MRHA types I and IT are expressed only by enterotoxigenic
E. coli (producing LT and/or STa enterotoxins) with colonization factors CFA/I and CFA/II respectively (5);
MRHA Il appears in Hly* strains producing CNF1 without P-fimbriae; MRHA types IVaand IVb are specific
for P-fimbriated E. coli , some of which also produce CNF1 and/or Hly; and MRHA types V and V1 are usually
expressed by E. coli without virulence factors (5). In the present study the production of Hly and CNF1, the
expression of P-fimbriae and MRHA types III, IVa and IVb were all detected more frequently in
bacteremic E. coli than in strains isolated from the faeces of healthy people. In total, 42 (44%) of the E.
coli strains isolated from sepsis showed some of the virulence factors investigated in comparison with only 24
(16%) of 154 faecal control strains (P < 0.001) (Table 1). Furthermore, 27 (56%) of the 48 E. coli strains from
urosepsis showed some of the virulence factors investigated, whereas only 15 (31%) of the 48 strains associated
with non-urosepsis possessed virulence factors (P < 0.05) (Table 2).

TABLE 1
DISTRIBUTION OF VIRULENCE FACTORS IN BACTEREMIC STRAINS AND IN ISOLATES
FROM THE FAECES OF HEALTHY PEOPLE

Number of strains from”

Virulence factors Blood Faeces
(n=96) (n=154)
Hly 31 32) 17 (11)
CNF1 21 (22) 10 6)
P-fimbriae 20 21 7 5)
MRHA type III 11 (1D 5 3)
MRHA type IVa 18 (19) 7 (5)
MRHA type IVb 7 (7 1 (0.6)
With virulence factors 42 (44) 24 (16)

“Percentage enclosed in parentheses.
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TABLE 2

VIRULENCE FACTORS OF E. coli STRAINS ISOLATED FROM PATIENTS WITH UROSEPSIS
AND SEPSIS FROM OTHER SOURCES

Number of bacteremic strains from*

Virulence factors Urosepsis Non-urosepsis
(n=48) (n=48)
Hly 19 40) 12 (25)
CNF1 14 (29) 7 (15)
P-fimbriae 13 27 7 (15)
MRHA type III 9 (19) 2 “)
MRHA type IVa 10 21 8 (17)
MRHA type IVb 6 (13) 1 2)
With virulence factors 27 (56) 15 31D

‘Percentage enclosed in parentheses.

E. coli strains from a relatively small number of O serogroups, namely O1, 02, 04, 06, 07, 08,
09,016,018 and O75, have been reported to account for most of O-groupable bacteremic strains from
different areas of the world (7, 9, 15, 16, 17, 19). These O groups were frequently detected also in
E. coli strains from urinary tract infections, but they were rarely found in strains isolated from
stools of healthy people. The 96 bacteremic E. coli isolated in Spain belonged to 24 different
serogroups. However, 56 (58%) were from one of these 8 serogroups (01, 02, 04, 06, 08, 09,
O18 and O83) (Table 3). It has been repeatedly suggested that strains belonging to these
serogroups possessed specific virulence factors which confer on them their special invasive
ability. Our results support this suggestion. Virulence factors occurred especially in the strains
of serogroups 02, 04, 06, 018 and O83. Thus, 23 (72%) of the 32 strains of these 5 groups
showed some of the virulence factors investigated, but only 19 (30%) of the 64 strains belong
to other serogroups (P < 0.001) (Table 3). The majority of bacteremic 02, O4, O6 and O83
E. coli strains were Hly*CNF1* and expressed either P-fimbriae or the adhesin responsible for
MRHA type III, whereas the strains of serogroup O18 were Hly*CNF1- and P-fimbriated. We
detected adhesins associated with virulence in 81% of Hly*CNF1*strains, in 90% of Hly*CNF1-
strains and in 17% of Hly-CNF1- strains. Therefore, the expression of P-fimbriaec and MRHA
types 111, IVa and IVD were detected in 26 (84%) of 31 toxigenic strains and in 11 (17%) of 65
non-toxigenic bacteremic E. coli strains (P < 0.001) (Table 4). As in previous studies (1, 6),
we found that CNF1 producing strains are Hly* and that the majority (75%) of P-fimbriated
strains belong to MRHA type IVa.
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TABLE 3
RELATIONSHIP OF BACTEREMIC E. coli SEROGROUPS WITH VIRULENCE FACTORS

Number of strains

Isolated from Of MRHA types With virulence
factors
Serogroups  Urosepsis Non-urosepsis Hly* CNF1* PF* I IVaorIVb
(n=48) (n=48)  (n=31) (n=21) (n=20) (n=11) (n=25) (n=42)

01 5 6 1 0 3 0 3 3 (27%)
02 4 4 3 3 3 2 2 4 (50%)
04 5 1 6 6 3 3 3 6 (100%)
06 4 4 5 4 2 1 1 5 (63%)
08 3 4 0 0 0 0 1 1 (14%)
09 2 4 0 0 0 0 1 1 (17%)
018 3 3 6 0 5 0 5 6 (100%)
083 3 1 2 2 0 1 1 2 (50%)
Other” 13 10 6 6 2 4 4 10 (43%)
NT* 6 11 2 0 2 0 4 4 (24%)

‘ P-fimbriae.

"Represented by three or less strains and belonging to serogroups: 05, 011, 014, 015, 020, 021, 022, 025,
050, 075, 078, 084, 0117, 0134, 0141 and O147.

‘Not typeable with the 101 antisera used.

TABLE 4
P-FIMBRIATION AND MRHA TYPES III, IVa AND IVb IN TOXIGENIC AND NON-TOXIGENIC
BACTEREMIC E. coli STRAINS

Number of strains
Of MRHA types With
adhesins’
Toxic phenotypes  Tested PF* I IVaor IVb
Hly* CNF1* 21 6 11 6 17 (81%)
Hly* CNF1- 10 9 0 9 9 (90%)
Hly- CNF1- 65 5 0 10 11 (17%)

“ P-fimbriae.
*P-fimbriated or with MRHA type III, IVa or IVb.
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Adherence to host cells is regarded as a critical initial step in bacterial colonization and subsequent
invasion. Our results strongly support the hypothesis that pathogenic potential of bacteremic E. coli
infecting urinary tract is closely related to the expression of adhesins that mediate colonization and
facilitate subsequent invasion. However, although a substantial proportion of bacteremic strains had at
least one of the virulence factors evaluated, 56% were negative; this result suggests that such virulence
factors should not be strictly necessary for the development of bacteremia.

While virulence factors appear to contribute to the development of bacteremia, we observed similar
mortality regardless of whether infecting isolates had adhesins (P-fimbriae and/or MRHA typesIII, IVa
and I'Vb) or toxins (Hly and/or CNF1). Like Maslow et al. (14), we found that mortality following E. coli
bacteremia appeared to be independent of bacterial virulence factors and to be determined primarily by
the severity of the host’s underlying disease (unpublished results).

We conclude that E. coli strains isolated from urosepsis show virulence factors more frequently
than bacteremic E. coli from non-urosepsis, and that E. coli strains that cause sepsis in Spain belong to
the same serogroups as bacteremic strains isolated in other geographical areas around the world.
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Summary

A total of 80 food samples were purchased from local retail consumer shops and examined for the
presence of motile Aeromonas spp. Of the food categories tested, poultry had the highest incidence, with
100% positive. This was followed by lamb samples. with 60% positive. Raw milk and cheese samples
had very low incidence (20%). No motile Aeromonas spp. were found in pre-prepared salads. Shellfish,
fish, pork and beef samples had incidences of 40%. Most of the strains isolated were Aeromonas hydrophila,
and for most of the food categories, no Aeromonas caviae isolates were obtained.

Key words: Aeromonas spp., food, food-borne pathogens

Resumen

Con el fin de determinar la presencia de Aeromonas spp. méviles en alimentos, se ha estudiado un
total de 80 muestras pertenecientes a diferentes categorias de alimentos, adquiridas en locales de venta
al piblico. La mayor incidencia de Aeromonas se detecté en carne de pollo (100% de las muestras fueron
positivas). La leche cruda y el queso registraron los niveles mds bajos (20%). No se detectd la presencia
de Aeromonasenninguna de las muestras de ensaladas analizadas. En marisco, pescado y carnes de cerdo
y vacuno la incidencia fue de un 40%. La mayoria de las cepas aisladas pertenecian a Aeromonas
hydrophila, mientras que Aeromonas caviae estaba ausente en la mayoria de los alimentos analizados.

* Correspondence to: Carmen Pin. Departamento de Nutricién y Bromatologia III (Higiene y Tecnologia
de los Alimentos). Facultad de Veterinaria. Universidad Complutense de Madrid. 28040 Madrid.
Tel.: 91-3943749. Fax: 91-3943743.
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Introduction

The significance of Aeromonas species as potential intestinal pathogens is controversial. The
increasing number of reports in recent years that implicated Aeromonas spp. as the etiologic agent of
acute diarrhoea suggests that these organisms are more significance than it is currently appreciated.
Buchanan and Palumbo (2) suggested that acromonads, in particular A. hydrophila and A. sobria, may
represent significant «new» food-borne pathogens and hypothesized that foods may play a major role
in the dissemination of these microorganisms. So, acromonads have been isolated from different foods
such as meat, sea-food, dairy products and vegetables (6, 10). Aeromonas spp. are also commonly
isolated from drinking water and chlorinated drinking water (8, 16). However, little is known about the
occurrence, growth, behavior and significance of these organisms in food.

The aims of this study were to determine the incidence of motile Aeromonas spp. in food samples
and to identify the isolated strains to a species level.

Materials and methods

Samples. A total of 80 samples were examined. Fresh fish, shellfish, raw meat, unripened cheese
and pre-prepared salads were purchased and collected aseptically in their original packings from
different retail consumer shops. Raw milk was collected from a farm. Number of samples in each case
is indicated in Table 1.

Enrichment and isolation. Twenty-five grams of each food sample were aseptically removed and
placed in Stomacher bags. Subsequently, 225 ml of alkaline peptone water (APW) pH 8.4-8.6 was added,
and the sample homogenized in a Stomacher 400 (Colworth, London, UK) for 2 min. The homogenized
samples in alkaline peptone water were enriched by incubating them at 30°C for 24 h.

Serial dilutions of each enrichment were then prepared and 0.1 ml amounts were plated on Oxoid
Aeromonas Ampicillin medium (AAM) (Oxoid, Basingstoke, U.K.). Plates were incubated at 30°C for 24 h.

Confirmation of isolates. Typical Aeromonas colonies from AAM (green, opaque, 0.5-1.5 mm in
diameter) were tested for oxidase production and ability to ferment glucose.

All oxidase-positive, glucose fermenters were considered presumptive positive, and tested for:
ONPG (+), DNase (+), catalase (+), growth at 37°C (+), growth in nutrient broth without NaCl (+), starch
hydrolysis (+),fermentation of D-mannitol (+) and i-inositol (-), H,S production from thiosulfate () and
urea (-), to confirm motile Aeromonas spp.

Adscription to species was carried out following Popoff (14).

Results and discussion

Since 1:10 dilution is the commonly used procedure for the examination of foods (quantitative and
isolation purposes). samples with low Aeromonas levels might be misjudged. In this way, alkaline
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TABLE 1
ISOLATION OF Aeromonas spp. FROM FOOD SAMPLES AFTER ENRICHMENT IN ALKALINE
PEPTONE WATER

Sample type Examined samples Positive samples
Fish 25 9 (o)
Shellfish 20 9 (45
Beef 5 2 (40)
Pork 5 2 (40)
Lamb 5 3 (60)
Poultry 5 5 (100)
Raw milk 5 1 (20)
Cheese 5 1 (20)
Pre-prepared salad 5 0 ()
Total 80 32 (40)

a ~ ., .
Percentage of positive samples.

peptone water (pH 8.4-8.6) has been recommended as an enrichment broth to enhance the recovery of
Aeromonas spp. from both environmental and clinical samples (11, 15). Accordingly, we incorporated
this enrichment procedure.

The results of the isolation of Aeromonas spp. from samples of different types of food are sum-
marized in Table 1. Aeromonas spp. were isolated from 40% of the food samples investigated. None of
the samples of pre-prepared salad were found to contain Aeromonas spp.. and samples of raw milk and
cheese had the lowest incidence of the organisms (20%). In our study, pre-prepared salads consisted of
pre-packagedraw vegetables without mayonnaise, plus one sample containing mayonnaise. Presumably,
mayonnaise can diminish the pH of the food,either preventing the growth of, the Aeromonas spp. or
killing it, if present (6). According to several authors, Aeromonas can frequently be found on, raw
vegetables and grow on them (3). In contrast, Fricker and Tompsett (5) have found a low incidence of
these organisms in salads. and Krovacek et al. (8) have also reported that none of the Aeromonas spp.
were isolated from vegetables or raw milk samples. This could, however, be attributed to the very low,
and initially undetectable, levels of Aeromonas in these foods. In fact, Palumbo et al. (12) have also
shown that although Aeromonas were not detectable in raw milk samples at the time of purchase, the
organisms could be isolated after 7 days of storage at 5°C.
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The results of the analysis of the 20 raw meat and poultry samples showed that the highest isolate
rate (100%) was detected with poultry samples. Fricker and Tompsett (5), Majeed et al. (10) and
Krovacek et al. (8) have also found high numbers of Aeromonas spp. in poultry, pork, lamb and beef.
Drazek etal. (4) have reported a very low incidence of Aeromonas in the faecal material of these animals,
wich indicates that the organism has entered the food during handling.

Fish had alower incidence of motile Aeronmonas spp. than shellfish samples. 36% of the fish samples
and 45% of the shellfish samples examined were found to contain Aeromonas spp. Similarly, Hudson
and De Lacy (6) reported that 34% of the fish samples examined contained motile Aeromonas spp., and
Abeyta and Wekell (1) found between 70 and 100% of the shellfish samples to be positive.

The distribution of isolates among the species A. hydrophila, A. sobria and A. caviae, as well as
unclassified strains, is shown in Table 2. Strains were designated as «unclassified» when they could not
be classified into any of the other three species, because they showed different biochemical patterns.

The species most frequently found in our study was A. hydrophila, in agreement with the data of
Knochel and Jeppesen (7). In several occasions, two different Aeromonas spp. were obtained from the
same sample. Thus, A. hydrophila, A. sobria and one unclassified strain were isolated from one poultry
sample, and A. hydrophila, A. sobria and A. caviae were isolated from a pork sample.

TABLE 2
DISTRIBUTION OF SPECIES OF Aeromonas IN DIFFERENT FOODS

Sample type No. of strains ~ Aeromonas  Aeromonas  Aeromonas  Aeromonas
hydrophila sobria caviae unclassified

Fish 12 6 1 0 5

Shellfish 12 4 4 3 1

Beef 2 2 0 0 0

Pork 6 2 3 1 0

Lamb 4 1 1 0 2

Poultry 8 2 3 0 3

Raw milk 2 2 0 0 0

Cheese 2 0 0 0 2

Salads 0 0 0 0 0

Total 48 19 12 4 13
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Furthermore, the low number of A. caviae isolates found in this study is also observed.
A. caviae isolates were obtained from one pork and three shellfish samples.

The present study shows that a high incidence of Aeromonas spp. was found in different types of
food. This result is magnified by the fact that motile Aeromonas spp. can grow at refrigeration tem-
peratures (13). Majeed et al. (10) reported that growth of Aeromonas spp. at 5°C is of considerable
practical importance since refrigeration of animal carcasses in the abattoir and the processed meat may
no arrest their growth. Similarly, motile acromonads may multiply on ready-to-eat foods during display
in refrigerated cabinets (6).

The present specific public health significance of these findings is unknown since clear well-
documented data about the role of Aeromonas species as food-borne pathogens are lacking. However,
Krovacek et al. (8) reported that most of Aeromonas strains isolated from different foods were capable
of producing a variety of virulence determinants such as haemolysin, cytotoxin, cytotonic toxin and
proteases. Our observations suggest that it should be given adequate attention to the presence of
Aeromonas species in foods since it may play major role in the etiology of human gastroenteritis
outbreaks.
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Summary

Different responses of the marine diatom Phaeodactylum tricornutum (Bohlin) to toxic copper
concentrations were investigated. Besides the classical variables applied to toxicity studies in microalgae,
such as growth or chlorophyll « content, other variables analyzed by flow cytometry were used. Toxic
effects due to copper concentration were observed. Cell density reached in the stationary phase was
reduced to 50% in cultures with 20 mg Cu/1, with respect to control cultures without copper. Cell light
scatter properties (related to cell volume and intracellular granularity) and chlorophyll ¢ fluorescence
of microalgal cells were determined by flow cytometry analysis at the beginning of growth, 1 h after
copper exposure, and when cultures reached the stationary phase (72 h). After 1 h of exposure to metal,
no differences were observed, but when cultures reached the stationary phase, a gradual increase in the
variables analyzed by flow cytometry was observed as the copper concentration increased. The increase
in chlorophyll « fluorescence detected by flow cytometry was not correlated with an increase in the cell
content of this photopigment, thus indicating an inhibitory effect of copper on photosystem II.

Key words: marine microalgae, Phaeodactylum tricornutum, copper, toxicity, flow cytometry

Resumen

En el presente trabajo se han estudiado diferentes respuestas de la diatomea marina Phaeodactylum
tricornutum (Bohlin) frente a la toxicidad ejercida por diferentes concentraciones de cobre. Ademads de

* Correspondence to: Concepcion Herrero. Laboratorio de Microbiologia. Facultad de Ciencias. Universidad
de La Corufia. Campus da Zapateira, s/n. 15071 La Coruiia. Tel.: 981-280788. Fax: 981-104129.
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las variables clasicas utilizadas en los estudios de toxicidad con microalgas, se han utilizado
otras variables analizadas por citometria de flujo. Se han observado efectos téxicos producidos
por las concentraciones de cobre utilizadas. La densidad celular alcanzada en la fase estacio-
naria se redujo en un 50% en los cultivos con 20 mg Cu/l, con respecto a la observada en los
cultivos sin cobre. Mediante citometria de flujo se analiz6 el volumen y granularidad celular,
ademds de la fluorescencia emitida por la clorofila ¢ después de 1 h de exposicién al cobre y
en la fase estacionaria del crecimiento (72 h). Después de 1 h de exposicién al metal no se
observaron diferencias, mientras que en la fase estacionaria se observé un aumento gradual de
las variables analizadas por citometria de flujo, a medida que la concentraciéon de cobre
aumentaba. El incremento observado en la fluorescencia de la clorofila @ detectada por citometria
de flujo no estaba correlacionado con el contenido celular de este fotopigmento, lo que parece
indicar un efecto inhibitorio del cobre sobre el fotosistema II.

Introduction

Heavy metals are among the most toxic pollutants to living organisms in aquatic environ-
ments. The effects of heavy metals on aquatic organisms have been extensively studied, and
algae have received much of the attention. Initial interest in studying toxicity focused on lethal
effects. However, knowledge of sublethal effects is essential to understand the long-term
consequences of pollution in ecosystems, and the need for convenient methods and variables
to assess pollutant toxicity has become obvious. Microalgae have already been used as
biological indicators for this purpose (12. 14, 20).

It has been confirmed that inhibition of growth and photosynthesis, as well as other
variables closely related to photosynthesis, such as ATP formation, radioactive carbon as-
similation, oxygen evolution and algal fluorescence induction phenomena, reflect the toxic
effects of pollutants (17, 24, 29). Nevertheless, other variables are less known because their
study is difficult, especially in vivo assays. Flow cytometry (FCM) has been introduced as an
alternative to more traditional techniques of analyzing cells in cultures and from natural
populations (10, 13, 18, 27, 28). In FCM, simultaneous measurements of individual particle
cellular volume, fluorescence and light scatter properties are directly applicable in aquatic
research. In the case of phytoplankton, the pigmented cells can be detected and identified by
their autofluorescence and light scattering properties (10). Since then, FCM could be used in
phytoplankton toxicological studies.

Copper, an essential trace metal for microalgae, can be toxic to microalgae at high
concentrations. In this study, the effect of high copper concentrations on light scatter properties
and chlorophyll « fluorescence of the marine diatom Phaeodactylum tricornutum (Bohlin) has
been investigated by FCM. Growth, a classical variable used in phytotoxicity work, and
cellular chlorophyll « content were also studied.
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Materials and methods

The marine diatom P. tricornutum (obtained from J. Fabregas, Department of Microbiology and
Parasitology, University of Santiago de Compostela, Spain) was cultured in batch conditions in seawater
filtered through a 0.45 um Millipore filter, autoclaved at 121°C for 20 min and enriched with the
modified culture medium of Fabregas et al. (3) without EDTA and copper. Stock cultures were incubated
at 18 + 1°C in cyclic light (light:dark, 12h:12h) provided by Mazda Fluor C7 TF 40 fluorescent tubes
(68 umol photon/m?/s).

Experiments were carried out in Kimax tubes containing 40 ml of culture medium. Test tubes and
other glassware used were acid washed (nitric acid 10% v/v) and sterilized.

Experimental aliquots were taken from a stock culture in exponential phase to give equal initial cell
concentrations in each subculture. The initial cell density was 0.6 x10° cells/ml. All experimental
treatments were carried out in triplicate.

Copper was added to the cultures from a copper stock solution. This stock solution was
prepared by dissolving C1,Cu in distilled and sterilized water. Various volumes of copper stock
solution (1 g Cu/l) were added to the cultures. Control cultures (without copper) were also included.
Because the cupric ion can be precipitated or complexed in the enriched seawater , free copper was
determined in each culture before inoculation. Seawater enriched with culture medium and different
copper concentrations was filtered through 0.45 um Millipore-MF filters. Filtrates were passed through
a column of Ca-Chelex. The column was eluted with HNO, and eluates from the column were measured
by atomic absorption spectrophotometry (AAS) (4). Free copper concentrations obtained in the different
cultures were: 7, 20 and 28 mg Cu/l.

Growth of the algal cultures was determined daily by counting culture aliquots in a Coulter
Counter ZM with a 70 um orifice. Growth rate (i), expressed in day! (d™'), was calculated by
the usual formula:

W= (InN;-InN,)/(t-t,)
where N is cellular density at time t after copper exposure and time is expressed in days.

Cellular pigments were extracted in 90% acetone at 4°C, in dark conditions. Chlorophyll a was
determined spectrophotometrically; its concentration in each case was calculated by using the formula
of Jeffrey and Humphrey (11).

Light scatter properties of the cells and chlorophyll « fluorescence were determined by FCM, using
a FACScan flow cytometer (Becton Dickinson Instruments, San Jose, CA), equipped with an argon
excitation laser (488 nm). Forward light scatter (FSC), which can be correlated with the volume of the
cell, and the right-angle light scatter (SSC), which can be correlated with the complexity of the cellular
cytoplasm, were measured. Red chlorophyll « tluorescence emission was collected in the FL3 (>600 nm)
channel.

Foreach cytometric variable investigated (cell volume, complexity and chlorophyll « fluorescence),
10* events (cells) were analyzed. Measurements were carried out at the beginning of growth after 1 h of
exposure to copper, and when the cultures reached the stationary phase (72 h). All the measurements
were carried out in triplicate and data were statistically analyzed by the LYSIS II program (Becton
Dickinson); this software was also used to obtain cell volume, complexity and chlorophyll ¢ fluorescence
distribution histograms.
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TABLE 1
CELLULAR DENSITY, GROWTH RATE AND CHLOROPHYLL ¢ CONTENT IN Phaeodactylum
tricornutum CULTURES WITH DIFFERENT COPPER CONCENTRATIONS

[Cu] Maximum number of cells Growthrate  Chlorophyll @ content
(mg/1) (10°cells/ml)’ @ (pg/cell)’
0 3.12+0.21 0.55 0.36 £ 0.02
7 2.12%+0.19 0.42 0.35+0.01
20 1.61£0.12 0.33 0.32£0.02
28 1.07 £ 0.11 0.19 0.34 £0.02
Data are expressed in mean values * standard deviation.
*Day .
Results

The experiments showed an inhibitory effect due to copper concentration on the growth of
P. tricornutum (Table 1). Copper reduced the growth of P. tricornutum, leading to lower cell density
throughout the experimental period. Stationary phase was reached after 72 h with the maximum cellular
density in control cultures (3.12 x 10¢ cells/ml) significantly higher than densities obtained in the treated
cultures (P < 0.01) (Table 1). Maximum growth rate was also found in control cultures, with 0.55 d-!,
whereas cultures treated with 7, 20 and 28 mg Cu/Ireached 0.42, 0.33 and 0.19 d-', respectively.

Cell content of chlorophyll a of P. tricornutum at the stationary phase, calculated from
spectrophotometric data are shown in Table 1. Significant variations in the chlorophyll ¢ content per cell
were not observed, with values between 0.36 and 0.32 pg/cell reached in control cultures and cultures
with 20 mg Cu/l, respectively.

Changes in cellular volume, complexity and autofluorescence obtained by FCM are shown in Fig.
1,2 and 3. After 1 h copper exposure differences in FSC were not observed among the cultures (Fig. 1A).
When the cultures reached the stationary phase (Fig. 1B), FSC gradually increased as copper concen-
tration increased. The peak-channel in control cultures was 272; peak-channel obtained in cultures with
7 and 20 mg Cu/1 was not significantly different to control cultures, whereas in cultures with 28 mg Cu/
1, peak-channel reached a significantly higher value (it was 355).

SSC showed the same pattern that FSC, without differences in the first hour of copper exposure
(peaks channels between 81 and 86) (Fig. 2A). When the cultures reached the stationary phase (Fig. 2B),
an increase in SSC was observed with the higher copper concentration used. Control cultures, and
cultures with 7 and 20 mg Cu/l showed similar levels in SSC to those obtained after 1 h of exposure to
copper (they were 80 and 71, respectively); whereas culture with 28 mg Cu/l showed a higher peak
channel level, with a value of 184.
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After one hour of copper exposure, ithere were no differences in the chlorophyll «
fluorescence (FL3) among the cells of all the cultures assayed, with values in the peak-channel
between 76 and 88 (Fig. 3A). At the stationary phase, control cultures and those with 7 mg Cu/
Ishowed similar levels in the autofluorescence, but a different histogram for the autofluorescence
was obtained in cultures with 20 mg Cu/l at the stationary phase (Fig. 3B), showing two peaks. one
with a peak-channel of 85, similar to that showed after 1 h of copper exposure and other showing a higher
peak channel (it was 227). The cultures with 28 mg Cu/l showed a higher level in the autofluorescence,
with only a peak-channel with a value of 229 (Fig. 3B).

Discussion

The toxicity of heavy metals depends upon their chemical speciation. Various ionic forms of a metal
characterized by different valency states, may be differentially toxic to a test algae. Illumination,
temperature conditions, and nutrient concentrations are essential factors in microalgae cultures and can
affect their response to different environmental toxicants. Likewise. heavy metal toxicity largely
depends upon algal population density: the denser the population the more numerous the cellular sites
available, leading to decreased toxicity (22). The effects of heavy metals on microalgae have been
assayed in a great variety of both metal concentrations and cellular densities. In the present experiments,
relatively high cellular densities were used, but after previous assays this density was found to be the

fOA omg ' Cu 7mgl'Cu B omg ' Cu A 7mg I’ Cu

Tobo =3 5 g0 860 1000 S

A 20mg I Cu M) 28 mg 1" Cu A 20mg I Cu 28 mg I Cu

FIG. 1. Histograms of FSC (related to cellular volume) in Phaeodactylum tricornutum cultures after exposure to
different copper concentrations. X-axis represents the FSC channel and Y-axis the number of cells. (A) after 1 hexposure;
(B) at the stationary phase.
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FIG. 2. Histograms of SSC (related to cellular complexity) in Phaeodactylum tricornutum cultures after exposure
to different copper concentrations. X-axis represents the SSC channel and Y-axis the number of cells. (A) after

1 h exposure; (B) at the stationary phase.

optimum for the analysis to be performed. Therefore, copper concentrations used were also relatively
high in comparison to those reported by other authors. However, similar and even higher copper
concentrations have been used by Lustigman (13) in studies with Dunaliella tertiolecta.

When copper is added to the enriched seawater, a part can be precipitated, or retained by different
components of the culture medium with chelating capability. Measurements of copper in the uninoculated
medium after filtering and passing through Chelex-100, showed that effectively a percentage of copper
added to seawater enriched with the culture medium was not free. Part of the copper was insoluble and
was retained by the filter; another fraction of copper was bound in complexes (or absorbed on colloidal
matter) and a third fraction of copper was free. With this technique, the copper able to bind to Chelex-
100 or copper labile to Chelex-100 was measured. This fraction contains free copper and copper from
complexes with a high dissociation constant to free copper (5).

Some species of single-cell algae respond to toxic levels of metals by depressed cell division rates
and increased cellular size; this apparent uncoupling of cytokinesis from other metabolic processes has
been noted with microalgal cells exposed to copper (7). It has also been reported that microalgal
exponential growth is delayed by sublethal concentrations of copper (9, 28). Our results agree with these
reports, because growth decreased and size increased when copper was increased in the culture medium.

Short-term effects of pollutants on populations of organisms may result in the inhibition of growth,
cell division or metabolic functions. On the long-term, these impairments may result in such effects as
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changes in the species composition of communities. Numerous studies have dealt with changes in growth
rate and chemical composition of unicellular algae resulting from exposure to changing environmental
conditions, whereas cellular features have been less considered.

FCM has been introduced as an alternative to more traditional techniques to analize cells in cultures
and from natural populations (10, 13, 18, 28). In flow cytometry, simultaneous measurements of
individual particle cellular volume, fluorescence and light scatter properties are directly applicable in
aquatic research. In the case of phytoplankton, the pigmented cells can be detected and identified by their
autofluorescence and light scattering properties (10).

Our results show that when the cultures exposed to copper reached the stationary phase, FSC,
directly related to cell volume, increased in contrast to control cells. Increase in cellular volume was
directly related to copper concentration (Fig. 1B). Fisher and Frood (6) reported that cells of the diatom
Asterionella japonica swelled considerably when exposed to copper in contrast to control cells, with
swelling and distortion generally increasing with dosage and time; growth of A. japonica was alsodepressed
by copper.

When the cultures reached the stationary phase, a gradual increase in SSC was observed as copper
concentration increased (Fig. 2B). Electron microscopy analysis (unpublished data) shows ultrastructural
changes, mainly in lysosomes and vacuoles, agree with changes observed by other authors in other microalgal
species (26). Rachlin et al. (21) reported that the blue-green alga Plectonema boryanum exposed to copper

2 A R L3
= Omgl'Cu = 7mg "' Cu
9 . 9 o B 0mg ' Cu y ., 7mgl'Cu

L)

20mg ' Cu & 28mg I' Cu . s
20mg "' Cu 28 mg I'' Cu
g

FIG. 3. Histograms of cellular autofluorescence in Phaeodactylum tricornutum cultures after exposure to different
copper concentrations. X-axis represents the cellular autofluorescence channel and Y-axis the number of cells.
(A) after 1 hour exposure; (B) at the stationary phase.
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revealed an increase in cell volume and the appearance of electron-dense granular bodies. Morphometric
analysis of algae exposed tolow levels in short-term experiments showed that in the diatom Melosira granulata
there was an increase in vacuole volume, and in the blue-green alga Anacystis cyanea there was an increase
in the number of cell inclusions containing reserve materials (25). Electron-dense inclusions were observed
in the vacuoles of Scenedesmus quadricauda exposed to copper (1). The occurrence of the electron-dense
inclusions was correlated significantly with the copper concentration. In the case of Chlorella vulgaris,
an increase in copper concentration was followed by a slight increase in the occurrence of the
membranous organelles, of electron-dense inclusions and of inclusion density (1).

Chlorophyll « fluorescence is particularly sensitive to the functioning of photosystem II (PS II).
Measurement of the fluorescence of chlorophyll « in intact algal cells provides information on the
absorption, distribution and utilization of energy in photosynthesis (8, 19). Algal fluorescence induction
phenomena were used to study phytotoxicity (15, 24). Chlorophyll « fluorescence monitored by the
single-laser based flow cytometer is the maximum fluorescence when the PS II reaction centers are
locked in the Q, ~state (30). It is known that the inhibition of the electron flow in the PS II reaction center
at the donor side induces a decrease in the chlorophyll a fluorescence, while if the inhibition is produced
in the acceptor side of PS II, an increase in the chlorophyll « fluorescence is observed (2, 16, 23). Ac-
cording to Samson et al. (23), chlorophyll « fluorescence results obtained by FCM (Fig. 3B) show that
copper’s inhibitory effect on PS II activity is located on its oxidizing side, probably because copper
inactivates some PS II reaction centers. The observed increase in chlorophyll « fluorescence is not due
to a higher cell chlorophyll ¢ content in these affected cells (Table 1).

Our results showed that copper concentrations assayed affected growth, cellular volume, complexity
and autofluorescence of P. tricornutum, and that the FCM is a powerful tool to study physiological
disturbances caused by toxic agents on microalgal cells.
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Summary

Azotobacter chroococcum MHI1 was grown in a mannitol and nitrogen free medium supplemented
with p-hydroxybenzoic acid, resorcinol, catechol or vanillic acid as a sole carbon source. Growth and
nitrogenase activity of p-hydroxybenzoic acid were supported by 8, 6 and 4 mM of p-hydroxybenzoic
acid, resorcinol and catechol, respectively. The generation time of 1.71 h in p-hydroxybenzoic acid did
not differ from a generation time of 1.64 h, when grown in mannitol. The compound p-hydroxybenzoic
acid was utilized rapidly. However, the decomposition of other phenolic compounds tested proceeded
slowly. These results suggested that phenolic compoundsreleased during biodegradation of plant wastes
could be utilized as carbon sources for both growth and nitrogen fixation of Azotobacter chroococcum.

Key words: Azotobacter chroococcum, biodegradation, nitrogenase activity, phenolic compounds

Resumen

Se hizo crecer Azotobacter chroococcum MHI en un medio carente de manitol y de nitrégeno
suplementado con 4cido p-hidroxibenzoico, resorcinol, catecol o 4cido vanilico como tinica fuente de
carbono. Tanto el crecimiento como la actividad nitrogenasa se determinaron a concentraciones de 8, 6
y 4 mM de 4cido p-hidroxibenzoico, resorcinol y catecol, respectivamente. El tiempo de generacion de
1,71 h, endcido benzoico, no diferia del de 1,64 h cuando el crecimiento se hacia en medio suplementado
con manitol. Ademads, se observé que la rapida utilizacién del 4cido p-hidroxibenzoico contrastaba con
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la lenta descomposicién de otros compuestos fendlicos. Estos resultados sugerian que los compuestos
fenolicos que se liberan en la biodegradacién de desechos de plantas podian ser utilizados como fuente
de carbono, tanto para el crecimiento como para la fijacién de nitrégeno, por Azotobacter chroococcum.

Introduction

Plant residues which are low in nitrogen, but rich in decomposable carbon, offer the potential for
dinitrogen fixation (8). This process can become particularly important in natural, low input systems
where dinitrogen fixation can make a major contribution to the overall nitrogen economy. Generally this
requires the cooperation of diazotroph with the second organism capable of degrading the cellulose and
hemicellulose of the plant residues (1). Phenolic compounds (1-3 %) such as hydroxy- and methoxy-
benzoic and cinnamic acid are found in decaying plant residues, soil and roots (6, 12, 23). They may also
be synthesized by soil microorganisms (7) or formed during humification (10). Growth of Azotobacter
in soil and its ability to fix nitrogen could be influenced by the amount of available phenolic compounds.
The available information on the ability of members of genus Azotobacter to utilize phenolic compounds
is limited (9, 11. 18).

The aim of this study was to throw light on the effect of different phenolic compounds as sole
sources of carbon and energy on both growth and nitrogenase activity of Azotobacter chroococcumisolated
from straw-amended soil.

Materials and methods

Culture and cultural conditions. Samples of Azotobacter chroococcum were isolated from dif-
terent straw-amended soils and identified as A. chroococcum (17, 22). Cultures were maintained in
mannitol- and nitrogen-free medium (3).

Degradation of phenolic compounds. The ability of the isolates to utilize phenolic compounds
(p-hydroxybenzoic acid, resorcinol, vanillic acid and catechol) was studied in agar medium free of
nitrogen and mannitol. The phenolic compound agars (10 mM) were prepared as by Henderson (13). The
degradation of phenolic compounds was assessed by adding 5 ml of 1.0% (w/v) solution of ferric
chloride—potassium ferricyanide (20). A blue colour developed in non-inoculated agar medium contain-
ing phenolic compounds. The presence of yellowish-green zones in agar medium was interpreted as an
evidence of the degradation of these compounds.

Growth conditions. For growth on phenolic substances, cells were grown in nitrogen and mannitol
free medium to which filter sterilized substances were amended at concentrations of 2,4, 6, 8 and 10 mM.
After inoculation with 1 ml of bacterial suspension (ca.10°CFU/ml), cultures were incubated at 30°C in
arotatory shaker at 125 rpm for 5 days. Growth was measured turbidometrically at 540 nm after 12, 24,
36.48 and 60 h of culture. To determine generation time, cells were grown in nitrogen and mannitol free
medium containing phenolic compounds at their optimal concentrations. Mannitol and nitrogen free medium
was used as a control. Viable counts were made by plate counts in Brown’s agar medium (3).
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Nitrogenase activity. To estimate nitrogenase activity. cells were put into a closed system (556 ml
mannitol bottles) and incubated under air containing 10% acetylene. After 2 h, gas samples of 10 ml were taken
with syringe and put into another closed system containing 2 ml of oxidant solution (80 ml of 0.05 M NalO,,
10 ml of 0.005 M KMnO,, at pH 7.5 adjusted with KOH., diluted to 100 ml). The closed system was agitated
vigorously on a rotatory shaker at 300 rpm for 90 min at room temperature. Then, 250 ul of 4 M NaAsO, and
250plof H,SO, were added. mixing to destroy excess of oxidant. One ml of Nash reagent (150 g of ammonium
acetate, 3 ml of acetic acid. and 2 ml of acetyl acetone, diluted to 1 litre) was added and the absorbance at 412
nm was determined after 60 min. Standards containing known amounts of ethylene were carried through the
analysis at the same time as the samples (15).

Determination of residual phenolic substances. The determination of residual phenolic substances was
carried out by centrifugation of growth medium at 3000 xg for 15 min. Following centrifugation the supernatant
was allowed to stand for 24 h at —15°C, for extracellular protein precipitation. and thereatter the precipitate
was removed by centrifugation at 3000 xg for 15 min. Residual phenol was determines using 1 ml samples of
the supernatant mixed with 5 ml of bidistilled water followed by the addition of 1 N Folin-Ciocalteau reagent
and immediate mixing. Three minutes after, 0.5 ml of a saturated Na,CO, solution was added and mixed
thoroughly (21). The resulting blue color was measured 2 h later at 660 nm using a Spectronic 2000
spectrophotometer (Bausch and Lomb).

Results

Ability of isolates to utilize phenolic compounds. Isolates of Azotobacter chroococcum were tested for
their ability to utilize phenolic compounds. All of the isolates completely decomposed p-hydroxybenzoic acid.
While isolate MH1 decomposed all other tested phenolic compounds, other isolates were not so effective.

Growth on phenolic compounds. Isolate MH1 was grown in liquid Brown’s medium (devoid of
mannitol) containing p-hydroxybenzoic acid. resorcinol, catechol and vanillic acid as sole carbon source. At
8 mM, p-hydroxybenzoic acid supported maximal growth (Fig. 1, A). Growth was inhibited at higher
concentration (10 mM). Concentration of 6 mM resorcinol yielded a higher cell abundance (Fig. 1, B).
Substrate concentrations above 6, 4 and 2 mM inhibited growth on resorcinol, catechol and vanillic acid
respectively (Fig. 1, B, C and D).

Mean generation times for the selected isolate for growth on phenolic substances ranged from
approximately 1.71 h to more than 10.6 h. The generation time was 1.64 h when grown in mannitol (Table 1).

Nitrogenase activity. Nitrogenase activity wasdetected when Azotobacter chroococcum MH1 was cultured
in medium supplemented with p-hydroxybenzoic acid, resorcinol and catechol for 24 h and 48 h, respectively.
On the contrary, no nitrogenase activity was detected in medium containing vanillic acid (Table 1).

The utilization of phenolic compounds was determined during growth periods. It was apparent that the
isolate mainly degraded p-hydroxybenzoic acid (Table 2), and this compound was depleted after more than
60 h. On the other hand, the utilization of other phenolic compounds, proceeded slowly. These data indicate
thatabout 85 % of p-hydroxybenzoic acid was utilized after 60 h. However, only 47, 33 and 30% of resorcinol,
catechol and vanillic acid were degraded after 60 h, respectively.
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TABLE 1
EFFECT OF PHENOLIC COMPOUNDS ON GENERATION TIME AND NITROGENASE
ACTIVITY OF A:zotobacter chroococcum MH1

Substance Concentration Generation time Nitrogenase activity
(mM) (h) (nmol ethylene/ml.h)

24 h 48 h

Mannitol (control) 10 1.64 265 640
p-Hydroxybenzoic acid 8 1.71 235 590
Resorcinol 6 3.87 68 185
Catechol 4 5.11 27 89
Vanillic acid 2 10.67 0 0

TABLE 2
UTILIZATION OF PHENOLIC COMPOUNDS DURING GROWTH OF Azorobacter chroococcum MH1

Compound Remaining phenol (mM) in the growth medium
Hours after inoculation

0 24 48 60
p-Hydroxybenzoic acid 8 5 3.8 1.2
Resorcinol 6 5.5 4.6 3.2
Catechol 4 1.8 1.6 1.4
Vanillic acid 2 1.8 1.6 14

Discussion

Apparently,Azotobacter chroococcum MH1 isolated from decomposing straw was effective in the decay
of a wide range of phenolic substances as sole carbon source.

Bacteria utilizing some phenolic compounds seem to be limited to a small number of organisms
which include Mycobacterium sp. (4), Pelobacter acidigallici (19) and Rhodococcus sp. (2).

Reduction of acetylene to ethylene confirmed that the cells had nitrogenase activity.
Several years ago, it was demonstrated that Azotobacter vinelandii not only fixes dinitrogen,
but it also grows at the expense of several aromatic compounds (9, 18). Recently, Wu et al. (24)
failed to detect phenolic compounds-dependent nitrogenase activity in Azotobacter vinelandii.
Cells were cultured in soil extracts and growth was supported by phenolic compounds. The
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absence of detectable nitrogenase activity was ascribed to the presence of combined nitrogen
on the soil and repression of nitrogen fixation (5. 14). If so, it would suggest that phenolic
compounds-supported nitrogen fixation by Azotobacter in natural environments may be lim-
ited to nitrogen poor soils.

Results of present work indicate that some phenolic compounds would be expected to fuel nitrogen
fixation. These results agree with recent findings obtained by Peterson and Peterson (16), who reported
that p-hydroxybenzoate supported nitrogenase activity of Azotobacter vinelandii.
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Summary

The etiology of infections of the outer ear was studied in the area of Terrassa (Barcelona) over a six-
year period (1987-1992). A total of 1419 samples of ear discharge were processed. Traditional culture
media were used to isolate the microorganisms as well as a modified culture medium prepared by us
(APA). Usual methods were used to identify the microorganisms. The results show Pseudomonas
aeruginosa to be the most frequently isolated microorganism. 76.5% of the otitis studied were
unimicrobial and the presence of moulds or yeast was noted in 6.9% of samples. Otomycosis (5.9%) is
one of the major pathological processes of the outer ear, and Aspergillus niger is the prime causal agent.

Key words: otitis, Pseudonionas aeruginosa, otomycosis, Aspergillus niger, Proteus mirabilis

Resumen

Se estudio la etiologia de la otitis externa en el drea de Terrassa (Barcelona) durante un periodo de
seis afos (1987-1992). Se procesaron un total de 1419 muestras de exudado 6tico. Para el aislamiento
de los microorganismos se realizé una siembra en placas sobre los medios de cultivo habituales y en uno

* Correspondencia: Montserrat Agut. Departament de Patologia i Produccié Animals. Unitat de
Microbiologia i Immunologia. Facultat de Veterinaria. Universitat Autdnoma de Barcelona.
08193 Bellaterra (Barcelona). Tel.: 93-5811748. Fax: 93-5812006.



280 BAYOET AL. MicroBIOLOGIA SEM

modificado por nosotros (APA). La identificacién de los microorganismos se realizé por métodos
habituales. El microorganismo aislado con mds frecuencia fue Pseudomonas aeruginosa. E176,5% de
las otitis estudiadas fueron unimicrobianas, observandose la presencia de hongos filamentosos o leva-
duras en un 6,9% de las muestras. Las otomicosis (5,9%) ocupan un lugar importante entre los procesos
patolégicos del oido externo, siendo Aspergillus niger el principal agente causal.

Introduccion

Los procesos inflamatorios activos que afectan al oido externo son conocidos como otitis externas,
pudiendo ser alérgicos o infecciosos. La etiologia de estos tltimos abarca todo tipo de bacterias, hongos
y virus (1, 7, 9). La prevalencia de determinados organismos depende de la zona geografica, del clima,
de los habitos del paciente y de las condiciones higiénico-sanitarias, aunque Pseudomonas aeruginosa
parece ser el microorganismo aislado mds frecuente (1, 3, 4, 5).

Ciertas personas, por ejemplo, individuos con alergias, psoriasis, eccema o dermatitis seborreica
tienen una propension particular a desarrollar una otitis externa. Los factores que predisponen a sufrir
este proceso incluyen la entrada de agua o de agentes irritantes (laca o tinte del cabello) en el conducto
auditivo y los traumatismos provocados durante la higiene del conducto con aplicadores de algodén (1).

Hemos efectuado un estudio retrospectivo de las otitis externas en nuestro laboratorio en un periodo
de seis afios e intentado establecer un patrén etiolégico de la zona de Terrassa, incidiendo especialmente
en los procesos producidos por hongos (otomicosis) y en aquéllos en los que coexisten bacterias y
hongos.

Materiales y métodos

Se han estudiado 1419 muestras del drea comarcal de Terrassa (Barcelona) correspondientes a un
periodo de seis afios (1987-1992).

En todos los casos se realiz6 una extension sobre portaobjetos, que se tiiid por el método de Gram.
Asimismo se procedid. por este orden, a la siembra sobre placas de agar triptosa-soja (TSA), agar sangre
(BA). agar Sabouraud-gentamicina y medio APA. Los medios de cultivo se prepararon en nuestros
laboratorios, siendo el medio APA (agar Pseudomonas aeruginosa) una modificacion de otros similares
(6), consistente en una base formada por peptona de gelatina (22,0 ¢). agar (17,0 g), sulfato potésico
(8.5 g). cloruro magnésico (1,0 g), bromuro de cetil-trimetil amonio (0,3 g) y agua destilada (c.s.p. 1 litro), la
cual se deja humectar durante 10 min, transcurridos los cuales se lleva a ebullicion y se le afiaden 10 ml de
glicerol estéril; se esteriliza al autoclave y finalmente se distribuye en placas de Petri (20 ml/placa).

La incubacién de las placas de BA, TSA y APA se efectud a 37°C durante 48 h, y a 28°C las de
Sabouraud-gentamicina, realizdndose lecturas a los 7, 14, 21 y 28 dias. La identificacién bacteriana se
realiz0 mediante métodos habituales (7), recurriéndose en algunos casos al uso de micrométodos
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comercializados (API) (10). La identificacién de los hongos filamentosos se llevé a cabo teniendo en
cuenta las caracteristicas macro y microscopicas de los cultivos (10).

Resultados

Del total de 1419 muestras procesadas, un 95.2% (1351) fueron positivas en el cultivo microbioldgico,
aislandose de una a tres especies distintas de bacterias u hongos en cada una de ellas (Tabla 1).

Elexamen del frotis directo (Gram) puso de manifiesto la existencia de un componente inflamatorio-
infeccioso en la mayoria de los casos: un 86,7% de los cultivos positivos mostraba la presencia de
leucocitos polimorfonucleares en el examen microscopico. Este examen fue especialmente itil en la
deteccién de hongos: el 95.2% de las muestras en que se demostré mediante cultivo la existencia de
hongos, se habia observado previamente su presencia mediante la tincién de Gram.

El microorganismo aislado con mayor frecuencia fue Pseudomonas aeruginosa (73,6%), seguido
de otras especies en porcentajes muy inferiores (Tabla 2). Tal resultado se mantuvo en el caso de
infecciones producidas por una o mis especies bacterianas o fingicas, difiriendo dnicamente en los
13 cuadros en que intervinieron una bacteria y un hongo. En ellas, la bacteria mas frecuente fue Proteus

TABLA 1
OTITIS EXTERNAS SEGUN TIPO Y NUMERO DE MICROORGANISMOS AISLADOS

Especie/biotipo Nimero de casos Porcentaje
Otitis unimicrobianas 1033 76,5
Otitis dimicrobianas 208 15,4
Otitis unifingicas 70 5,2
Otitis trimicrobianas 17 1,2
Otitis bacterio-mic6ticas 13 1.0
Otomicosis diftingicas 10 0,7

Total 1351 100,0
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TABLA2
ESPECIES AISLADAS EN CULTIVO DE EXUDADO OTICO

Especie Niimero de aislamientos® Porcentaje
Pseudomonas aeruginosa 1190 73,6
Proteus mirabilis 127 79
Staphylococcus aureus 63 39
Aspergillus niger 52 3.2
Escherichia coli 23 14
Citrobacter freundii 21 1,3
Enterobacter cloacae 20 1,2
Enterococcus faecalis 18 1,1
Serratia marcescens 18 1,1
Candida albicans 17 1,1

“Se omiten las especies aisladas en menos de un 1,0% de las muestras.

mirabilis (53.8%), seguida de Staphylococcus aureus (30,8%) y de Pseudomonas aeruginosa (15,4%).
Cabe destacar que en las otitis bacterio-micéticas la especie fingica aislada mds frecuentemente fue
Aspergillus niger.

Discusion

La demostracién del agente etioldgico en un 95,2% de los casos remitidos significa un porcentaje
muy alto, comparable a los de otros autores (3, 4, 5). Larazén de este hecho creemos que radica en la
evidencia de los signos clinicos que acompaan a las otitis externas, junto al hdbito cada vez mads
extendido por el que el clinico decide apoyarse en el laboratorio para obtener diagndsticos mas precisos.

Larealizacion sistemdtica de frotis sobre portaobjetos y su examen microscépico se confirma como
técnica de gran valor (5), que aporta datos importantes sobre el componente inflamatorio, el tipo de
bacterias visualizadas (morfologia y Gram), la presencia o no de hifas, conidios o levaduras, etc. A
nuestro parecer debe incluirse en el informe final, a fin de situar cada aislamiento concreto en su contexto.
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Un 18.3% de los cultivos positivos correspondieron a otitis multimicrobianas (de ellas, un 15,4%
dibacterianas [Tabla 1]). Esta proporcién es parecida a 1a hallada en algunos estudios (4), pero inferior
a la de otros (5).

Pseudomonas aeruginosa es el principal agente etiologico de las otitis externas en nuestra zona, asi
como en la mayoria de estudios efectuados (3, 4, 5, 7). Su intervencién en tres cuartas partes de los
procesos de este tipo nos hizo incluir el medio APA entre los utilizados sistematicamente para el cultivo
de exudados 6ticos. Contiene cetrimida, un compuesto de amonio cuaternario, al que son especialmente
resistentes las cepas de Pseudomonas aeruginosa, que inhibe el crecimiento de la prictica
totalidad de especies, incluidas otras del género Pseudomonas, actuando las sales de potasio
y magnesio como activadoras de la produccién de pigmentos. Su selectividad puede suprimir
el aislamiento secundario de la cepa cultivada en agar sangre o TSA y sus caracteristicas
diferenciales llevarnos a una identificacion presuntiva antes de las 24 h de la recepcién de la
muestra.

E15,9% de los procesos son otomicosis, dato concordante con otros estudios (5) y opuesto
a otros en los que, a nuestro entender, se obtienen cifras muy superiores (6). Esto dltimo puede
ser debido al hecho de que se cultivan muestras al azar, sin patologia evidente, aisldndose gran
cantidad de hongos saproéfitos del oido normal, que no intervienen como microorganismos
productores de otitis. Otros investigadores obtienen cifras muy inferiores (4, 10), producto
quizds de unas condiciones socio-geogrificas distintas o de un tratamiento inadecuado de las
muestras. En estos procesos es Aspergillus niger el microorganismo mas destacado, dato
concordante con otros estudios (8), junto a otras especies del mismo género y a algunas
levaduras del género Candida.

Encontramos 13 casos de otitis con asociacién de bacterias y hongos o levaduras, a los que
denominamos otitis bacterio-micéticas, por entender que se trata, si no de una entidad distinta,
side una forma especifica de presentacién de este cuadro infeccioso, a menudo de curso clinico
mads intenso (8). La sucesion bacteria-hongo-bacteria es bien conocida en muchos procesos
patoldgicos y se sabe que resulta influenciada por el estado del huésped, el tratamiento
antimicrobiano, etc., pero la coexistencia de ambos tipos de microorganismo infeccioso no es
tan habitual. Observamos en estos casos que Pseudomonas aeruginosa cede su primer puesto
a Proteus mirabilis, seguido de Staphylococcus aureus. Si bien es conocida la insistente pre-
sencia de P. mirabilis en las otitis mixtas (3, 4, 8), este hecho no deja de ser sorprendente y abre
nuevos interrogantes sobre la relacién bacteria-hongo en estos casos.
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Summary

The application of a simple membrane filter method to enumerate specific somatic
bacteriophages of Escherichia coli, using E. coli C as host strain, from drinking water samples
was studied. The efficiency of the method using cellulosic membrane filters, samples pre-
treated with magnesium ions and Tween 80 added to agar medium-host cell lawns ranged from
68.9 to over 112%, depending on the phage content of the sample. To avoid the pre-treatment
of the sample with magnesium salts, electropositive-charged filters of cellulosic ester (HA-PEI
and HA-Nalco) and Virosorb-1MDS filters were tested in conjunction with the simple mem-
brane filter method. The electropositive filters showed wide bacteriophage recovery rate
intervals depending on the sample treatment, ranging between 31.4 and 96.2% for ester-type
filters, and a mean recovery lower than 2.2% for Virosorb filters. On the other hand, it was
proved that the use of Tween 80 as an eluent improved somatic coliphage recovery rates for all
the filters tested. In short, this methodology provides a rapid analysis (6-8 h) of the somatic
coliphages from drinking water using the membrane filtration technique.

Key words: somatic coliphages, drinking water, membrane filtration, enumeration method

* Correspondence to: Juan J. Borrego. Departamento de Microbiologia, Facultad de Ciencias, Univer-
sidad de Mdlaga. Campus Universitario Teatinos, 29071 Mélaga. Tel.: 95-2131893. Fax: 95-2132000.



286 ALONSOET AL. MicroBioLoGiA SEM

Resumen

Se ha estudiado la aplicacién del método de filtracién por membrana para la rdpida
enumeracion de colifagos somadticos, usando Escherichia coli C como cepa hospedadora, a
partir de muestras de agua de bebida. La eficiencia del método, utilizando filtros de ésteres de
celulosa, muestras con iones magnesio y Tween 80 afladido a la capa de agar base, vario entre
€168.9 ymasdel 112%, dependiendo del titulo inicial de colifagos. Para evitar el pretratamiento
de la muestra con sales de magnesio se probaron filtros cargados positivamente (HA-PEI, HA-
Nalco y Virosorb). Estos filtros electropositivos mostraron un amplio rango de recuperacién
de fagos, entre el 31,4 y el 96,2% para los filtros de ésteres, y menos del 2,2% para los filtros
Virosorb. Por otro lado, se ha comprobado que la recuperacién fagica aumenta con el uso del
eluyente Tween 80 en todos los filtros comparados. En resumen, esta metodologia es itil para
el andlisis rdpido y sencillo de colifagos somdticos a partir de agua de bebida, utilizando la
técnica de filtracidon por membrana.

Introduction

The most frequent waterborne diseases related to contaminated—or inadequately treated—
drinking waters are viral acute gastroenteritis and infectious hepatitis (9, 19). The etiological
agents for these diseases are often described as enteric viruses, from of several taxonomic
groups, including Picornaviridae, Adenoviridae, Caliciviridae, Astroviridae, Coronaviridae
and Reoviridae (8, 18).

Sanitary safety of drinking water has been generally evaluated measuring certain micro-
organisms, named indexes (22), related to fecal waste and health-hazards associated with the
presence of pathogens. However, the efficiency of index microorganisms in assessing the risk
of viral disease has been questioned, because enteric viruses are more persistent in natural
waters (11), and more resistant to water disinfection processes than conventional index
organisms such as total coliforms, fecal coliforms and Escherichia coli (4, 24).

On the other hand, clear and direct epidemiological evidences on the role of enteric viruses
in waterborne disease have not been established yet (9, 17). It is important to note that a
practical virus methodology is difficult to establish because the standard culture and enumeration
techniques of enteric viruses are too laborious, expensive, and time-consuming (23).

Because of their viral nature, bacteriophages may simulate the inactivation kinetics of
enteric viruses to disinfectants, better than bacteria, and thus certain bacterial viruses have
been considered as adequate and reliable viral indexes in drinking waters (13, 16). In 1990, the
Spanish Sanitary Reglamentation on the survey of drinking water established the analysis of
fecal bacteriophages as a complementary test to check the microbiological quality of the
finished supply waters (5).
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Several methods have been developed to detect and enumerate bacteriophages from water
samples. The most frequently used are the Double-Agar-Layer method (1), the Simple-Agar-
Layer method (14), the ACART technique (31), the Most-Probable-Number method (20), and
the VIRADEL technique using negatively-charged filters (26), or positively-charged filters (6, 27).
Recently, a simple membrane filter method to concentrate and enumerate F-specific RNA coliphages
from water has been developed by Sobsey et al. (30), which consists in the passing of the water sample
supplemented with magnesium ions (100 ml or more) through a cellulose ester filter (0.45 pm pore size).
The filter with adsorbed phages is then placed upside-down onto lawns of host bacteria (Salmonella
typhimurium WG49) in a standard medium supplemented with Tween 80 and tetrazolium violet. This
method is similar to VIRADEL technique but the elution step is avoided.

The purpose of this study was to apply the simple membrane filter method for the concentration and
enumeration of somatic coliphages (using E. coli C as the host strain) from drinking water. In addition,
an evaluation of different filters and conditions of the method was also carried out in comparison with
the standard methodology.

Materials and methods

Samples. Drinking water samples were obtained from the drinking-water treatment plant of Mélaga
(EMASA, El Atabal, Malaga, Spain). The samples were taken aseptically using sterile amber glass
bottles of 1,000 mlcapacity, and transported to the laboratory in isothermic containers maintained at4°C.
Water samples were dechlorinated by adding 75 mg of sodium thiosulfate/l. Samples of dechlorinated
tap water were seeded with indigenous coliphages from raw sewage collected from a wastewater pipe
discharge located on the Huelin beach (Malaga, Spain).

Microorganisms and culture conditions. Escherichia coli C (ATCC 13706) was used as host
strain for the somatic coliphage analysis. To compare the efficiency of the simple membrane filter
method using different phage groups, five phage-host systems were used, including T6 (ATCC 11303-
B6), T7 (ATCC 11303-B7) and dx174 (ATCC 13706-B1) with E. coli C, and MS-2 (ATCC 15597-B1)
and QB (ATCC 15597-B2) with E. coli C-3000 (ATCC 15597). All the bacterial hosts were grown in
Trypticase-Soy broth (TSB, BBL) at 36 = 1°C in a shaker for 6-8 h.

Direct phage analysis. All the samples were processed in parallel by the Double-Agar-Layer
(DAL) and Simple-Agar-Layer (SAL) techniques, analyzing a total amount of the sample of 10 and 100
ml, respectively. Modified Scholtens agar (15) containing 0.7 and 1.1% of agar were used as top and
bottom layers in the DAL technique. The medium was supplemented with 1.25 mM of magnesium
chloride, 5 mM of calcium chloride (10) and 0.03% of 2, 3, 5-tripheny1 tetrazolium chloride (30). Petri
dishes containing Phage Agar Concentrate (PCA) (agar 1.2%) (14) supplemented with calcium and
magnesium ions was used to perform the SAL technique. For the DAL technique, 1 ml of water sample
or dilutions and 0.2 ml of the bacterial host culture in exponential growth in TSB were added to tubes
containing 3 ml of soft agar (0.7% of agar) melted and maintained at45°C. The mixture was poured onto
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MSA plates, and after solidification, the Petri dishes were inverted and incubated at 36+1°C for 12-14
h. The SAL technique was performed as previously described by Grabow and Coubrough (14), and 100
ml of sample were poured onto five Petri dishes (140 mm diameter).

Simple membrane filter method. To enhance phage adsorption to the electronegative-charged
filters, the samples were supplemented with 0.05 M of magnesium chloride, and pH was adjusted at 7.0—
7.2. The medium used in conjunction with this technique is MSA supplemented with 3 g/1 of Tween 80.
The filter types used were the following: (i) cellulose ester filters (type HA, Millipore Ibérica, Madrid,
Spain); (ii) the same filters treated with the cationic polymers, polyethylenimine (PEI) (Sigma Chemical
Co., St. Louis, MO) at 0.05% and Nalco 7111 (Leachchem Industries Inc., Titusville, FL) at 0.1%,
following the methods described by Preston et al. (25) and Borrego et al. (6); and (iii) electropositive
filters Virosorb 1-MDS (AMF Cuno, Meriden, CN).

Specified volumes (100 ml) of the samples tested were vacuum-filtered through 47 mm-
diameter membrane filters (0.45 um pore size). Five-replicate trials per filter type were used
for each sample or condition. Membranes with adsorbed phages were removed from the filter
holder and placed upside-down onto the top layer in which the host bacteria were previously grown.
Petri dishes were incubated with membrane at 36£1°C for 6-8 h and developed lysis plaques were
counted as clear zones on a dark red background formed by the tetrazolium stained bacterial lawn.

To determine the efficiency of this method in the recovery of somatic coliphages, controls using
DAL and SAL techniques were carried out. In addition, the adsorption rate to the filters was tested by
counting the coliphages in the filtrate.

Results

Comparative efficiency recovery of the different membrane filters. A series of experiments was
performed to determine the efficiency of the various membrane filters used in this study in the recovery
of somatic coliphages. Volumes of 100 ml of seeded tap water (pH 7.0-7.2) with 0.05 M of magnesium
chloride with different phage levels were used in all the experiments, following basically the methodology
specified by Sobsey etal. (30). Asitcan be seen in Table 1, all the methods tested increase their sensitivity
when the somatic coliphage levels decrease; even at levels of coliphages not detectable by the DAL
technique (lower than 10 PFU [plaque-forming units] per 100 ml) all the methods are capable to quantify
the numbers of coliphages present in the sample.

In these conditions the SAL technique was the most efficient method to recover low numbers of
somatic coliphages from the samples. Among the methods based on the filtration of 100 ml of sample
through different filter brands, the best results were obtained using electronegative cellulosic filters (HA
type). which recover 68.9% of the coliphages present (considering as 100% the titer obtained by the SAL
technique). The filters treated with the cationic polymers PEI and Nalco recovered 31.4 and 36.6%,
respectively. The efficiency of Virosorb 1-MDS filters was very low (less than 2.5%), and in addition,
lysis plaques were poorly visualized on the top layer, since the thickness of the filter hampered the
optimal development of the bacterial lawn.
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TABLE 1
COMPARISON OF THE SOMATIC COLIPHAGE RECOVERY EFFICENCY OF THE DIFFERENT
MEMBRANE FILTERS

Phage recovery per 100 ml of sample’

Membrane filtration through

Sample titer
range’ SAL technique HA filters’ HA-PEI filters HA-Nalco filters Virosorb filters

50-100 37+£14.0 26.31£0.9 10.0£2.2 15.344.5 0.710.9
10-50 24+17.3 16.8£1.1 8.7£2.0 8.612.7 <0.5
<10 16£7.0 10.0£0.8 5.5t1.5 43+1.2 <0.5
Average 25.7£10.6 17.748.2 8.1£2.3 9.4%5.5 <0.6%0.3
Recovery percent 100 68.9 314 36.6 <2.2

Coliphage titer in the sample was calculate by DAL method and expressed as PFU per 100 mlL
"Mean # standard deviation of five experiments, replicated three-fold.
‘Millipore filters type HAWGO47 (47 mm diameter, 0.45 um pore size).

To compare the different filter types, an ANOVA-one way analysis was performed. The results
obtained indicate a significant difference (at 95% confidence level) between the SAL technique and the
filtration through HA-PEI, HA-Nalco and Virosorb filters (F-Scheffer coefficients of 6.29, 5.37 and
12.79, respectively), and also between the filters HA and Virosorb (F-Scheffer coefficient of 5.96).

Effect of magnesium ions on the phage adsorption. To compare the effect of the magnesium ion
on the adsorption and recovery of somatic coliphages to several types of membrane filters, a series of
experiments were designed in parallel using dechlorinated tap water with or without 0.05 M magnesium
chloride. The virus adsorption to membrane filters depends on the type of filters and the addition of
magnesium ions to the samples (Table 2). Somatic coliphages were adsorbed efficiently to electronegative
filters (HA type) from tap water supplemented with magnesium with rates higher than 85%, whilst only
64.2% adsorptionrate was achieved for the same filters in samples without ion addition. On the contrary,
electropositive filters, HA-PEI and HA-Nalco, were more efficient in coliphage adsorption with samples
without magnesium (99.4 and 97.2% versus 66.1 and 76.4%, respectively).

Recovery rates of somatic coliphages from the adsorbed-filters varied between 16.2% for HA-PEI
(samples with magnesium addition) and 96.2% for HA-Nalco (samples without magnesium). In all
cases, the addition of magnesium improves the phage recovery from the electronegative filter and
decreases the recovery percentages from electropositive filters.
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TABLE 2
EFFECTS OF M¢gCl,ON ADSORPTION AND RECOVERY OF SOMATIC COLIPHAGES USING
SEVERAL MEMBRANE FILTERS

Sample titer” Virus adsorption (%) Virus recovery (%)’

Experiment
No. DAL SAL HA HA-PEI HA-Nalco HA HA-PEI HA-Nalco
1 +Mg 20 28 72.5 57.1 96.4 106.9 40.3 106.9
-Mg 40 20 60.4 100 97.5 23.3 100 121.1
2 +Mg <10 3 90.0 100 95.0 >92.3 0 >15.4
-Mg 20 10 66.6 100 100 4.5 22.2 32,5
3 +Mg 90 45 94.2 41.1 37.7 49.9 8.4 12.8
-Mg 20 26 65.5 98.1 94.2 23.2 137.7 131.9

Average + Mg <40 253 85.6x11.5 66.1£30.4 76.4+33.5 >83.0£29.6 16.2+21.3 >45.0+53.6
-Mg 267 18.7 64.2#3.3 99.4%1.1 972429 17.0£10.8 86.6:58.9 96.2+52.8

‘Expressed as PFU/100 ml.

*Adsorption rate = 100 — (phage titer in filtrate/phage titer in the sample by direct assay) x 100.
‘Considering 100% the recovery obtained by the reference method (direct assay).

Influence of Tween 80 on the elution of coliphages adsorbed to membrane filters. Several
experiments were carried out to test the influence of Tween 80 on the elution of adsorbed coliphages,
which were previously filtered on different membrane filters. One hundred-ml volumes of dechlorinated
tap water at pH 7.5. seeded with indigenous coliphages from raw sewage were treated with 0.05 M
magnesium chloride and filtered through each membrane filter type. Three replicates for each experi-
ment and conditions were performed. The filters were then applied upside-down on the agar-layer
containing host lawns Petri dishes with and without Tween 80. The maximal efficiency in the elution and
recovery of adsorbed-coliphages was obtained from the HA-type electronegative filters in petri dishes
supplemented with Tween 80 (112.8% of the recovery obtained with the reference method, SAL
technique, and 100 ml of sample processed) (Table 3). In these same conditions, the other filters, HA-
PEI and HA-Nalco, showed lower efficiency in the phage recovery, with rates of 91.7 and 57.3%,
respectively. All the filters used lost elution capability and recovered a low number of phages with plates
containing medium without Tween 80, since none of the methodsachieved recovery rates higher than 85%.

Application of the simple membrane filter method to several morphological phage groups.
Several phage lysates were used to test the influence of the phage morphology on the efficiency of the
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TABLE 3
INFLUENCE OF TWEEN 80 ADDED TO THE BOTTOM AGAR LAYER ON THE ELUTION OF
SOMATIC COLIPHAGES ADSORBED ON DIFFERENT MEMBRANE FILTERS

Filters
HA HA-PEI HA-Nalco
Experiment  Sample titer’

No. + Tween —Tween + Tween — Tween + Tween - Tween
1 23 24 18 24 14 15 9
2 11 18 14 8 5 8 1
3 25 26 20 32 21 17 17
4 13 15 12 9 6 5 5
5 25 23 19 29 22 17 15
6 19 21 15 16 11 10 9
7 4 11 5 7 1 0
8 19 22 16 10 13 9 8
9 18 17 12 9 8 8 6

Mean + SD"  17.447.0  19.7+4.8 14.6+4.6  16.0£9.8 11.3%6.9 10.0£54  7.845.7

Standard error 2.3 1.6 1.5 33 2.3 1.8 1.9
Recovery (%) 100 112.8 83.5 91.7 64.9 57.3 44.6
One group T-test 3.197 1.429 1.22
Prob. (one tail) 0.0063° 0.0955° 0.1282

‘Calculated using SAL technique and expressed as PFU/100 ml.
*Mean + standard deviation.
‘Probability (one tail). Significant at 95% confidence level.

simple membrane filter method. Stock lysates of each bacteriophage were diluted in autoclaved distilled
water to achieve a mean titer below 100 PFU per 100 ml. Three-replicate samples of 100 ml of the diluted
bacteriophage lysate were analyzed by each membrane filter tested (HA, HA-PEI, and HA-Nalco)
following the experimental protocol above mentioned (only magnesium chloride was added to the HA
filters). The method was compared to the phage recovery obtained by two direct assay methods, the DAL
technique (10 ml total volumes tested) and the SAL technique (100 ml total volumes tested).
The results of phage adsorption rates and virus recoveries are given in Table 4. F-specific
coliphages (MS-2 and QB) present high adsorption rates in all the filters used, ranging from



TABLE 4

APPLICATION OF THE SIMPLE MEMBRANE FILTER METHOD TO RECOVER DIFFERENT MORPHOLOGICAL
BACTERIOPHAGE GROUPS

Virus adsorption (%)b

Virus recovery (%)’

Relative recovery ( %)d

Bacteriophage ~ Sample titer’ HA HA-PEI HA-Nalco HA HA-PEI HA-Nalco HA HA-PEI HA-Nalco
MS-2 384+86.9 100 100 99.7 >15.6 2.0 7.8 >15.6 2.0 7.8
QB 46.5+29.8 96.8 100 51.7 45.2 0.7 15.0 46.7 0.7 29.2
Ox174 62.1+27.2 97.6 82.3 37.2 17.2 209 7.5 17.6 254 20.2
T6 69.0+29.0 100 100 90.6 14.0 10.6 12.1 14.0 10.6 13.6
T7 14.0x11.4 100 100 82.7 100 140.5 76.2 100 140.5 88.9

“ Mean * standard deviation of the maximal titer of phage obtained by any reference method (direct assay by DAL or SAL techniques).
’ Adsorption rate = 100 — (phage titer in filtrate/phage titer in the sample by direct assay) x 100.
‘ Considering 100% the recovery obtained by the reference method (direct assay).

? Percent obtained considering the adsorption rate.
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96.8 to 100%, except for HA-Nalco filters and QB coliphage with a mean adsorption rate of 51.7%.
However, virusrecoveries were low, witha maximum of45.2% (HA filter) and a minimum of 0.7% (HA-
PEI filter). High adsorption rates were also obtained for the other phages tested, except for 174 and
HA-Nalco filters (37.2%). Only T7 coliphages showed a high recovery rates for all the filters, ranging
between 76.2 and 140.5% for HA-Nalco and HA-PEI filters, respectively.

Discussion

Bacteriophages against E. coli have been considered a reliable and useful indicator of bacterial and
viral contamination of water (21, 28). For this reason, a simple, rapid and accurate method for phage
enumeration is necessary.

Methods to concentrate bacteriophages from aquatic environments have been adapted from those
used for animal virus concentration. Standard methodology for virus detection and recovery from natural
waters consists in the adsorption of the viral particles to microporous filters and subsequent elution of
the adsorbed virus into a small volume of eluent (3). The filters used can possess net negative or positive
surface charge, although for optimal adsorption of viruses to electronegative filters, the adjustment of
the water at about pH 3.5, or the addition to samples prior to filtration of di- or trivalent cations, such
as magnesium chloride or aluminium chloride (12), is required. However, several phages may be
inactivated at acid pH or as a result of pH changes (26). Electropositive filters possess a substantial

_ advantage over electronegative filters, since viruses can be adsorbed on their surfaces over a broader pH
range without the addition of salts, and the pre-treatment of the water is not required prior to virus
adsorption (7). The results obtained from the application of these filters suggested that the content of
dissolved organic compounds in natural waters significantly affect virus adsorption to electropositive
filters (29). However, an additional problem arises with the elution process, since several studies showed
that the conventional eluents used for animal viruses recovered low numbers of bacteriophages (2).

To simplity the elution step used for the coliphage concentration from water, Sobsey etal. (30) have
proposed the application of filters containing adsorbed phages directly to the surface of agar medium
with host bacteria and polysorbate (Tween 80) to enhance the phage elution from the filters.

Low sensitivity in the phage enumeration was obtained by the use of the double-agar-layer
technique atlow levels of coliphages in the sample (between 0 and 50 PFU per 100 ml). On the contrary,
the SAL technique and the simple membrane filter method were more efficient (Table 1). However, the
simple membrane filter method with Virosorb 1-MDS filters showed low reliability both in the recovery
of somatic coliphages and in the clear lysis plaques visualization. The mean recovery of somatic
coliphages obtained in this study by the use of electronegative cellulosic ester filters (68.9%) is similar
to the recovery range obtained by Sobsey et al. (30), in the same experimental conditions, which varied
between 27% and 97%, with a mean of 49%. In the case of the HA-PEI filters, the results obtained were
very similar to those reported by Borrego et al. (6), using the same filters but with the VIRADEL
technique. For HA-Nalco filters the recovery percentages obtained in this study are higher (36.6%) than
those obtained with the VIRADEL technique (mean of 9.3%). These findings may be explained by the
fact that the adding magnesium ions to the water and processing the sample through a cationic polymer-
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treated filter is likely to create a situation were both the filter surface and the phages are more highly
positively charged. This might actually lead to reduce phage adsorption. as it can be observed in
Table 2.

Experiments carried out to determine the adsorption efficiency of somatic coliphages on the
different membrane filters tested show a direct relationship between the addition of magnesium ions to
the sample and the type of filter used. Thus. the addition of magnesium increases significantly (paired
t-value = 3.35; P = 0.078) both adsorption and recovery rates with electronegative HA-type filters. On
the contrary, higher adsorption and recovery rates were obtained with positively charged filters (HA-PEI
and HA-Nalco) using samples without magnesium addition. The highest adsorption rate was achieved
by HA-PEI filters with 99.4 % (sample without magnesium ions), whilst the maximal recovery of somatic
coliphages was obtained by HA-Nalco filters (96.2%) in samples without the addition of magnesiumions
(Table 2).

Recently, it was reported that Tween 80 improved the recovery of coliphages adsorbed to filters (2,
30). In the present study, a significant relationship was established with the use of Tween 80 added to
agar medium-host lawns on somatic coliphage elution using HA and HA-PEI filters (t-values of 3.19 and
1.43, respectively). On the contrary, no significant increase in the recovery rate of coliphages was
obtained with the use of Tween 80 in the assay with HA-Nalco filters (t-value = 1.22, P = 0.1282).

The application of the simple membrane filter.method to recover different phage groups yielded
variable results (Table 4). F-specific RNA coliphages (MS-2 and QB) tested were poorly recovered,
between 15.5 and 45.2%, using HA filters. These results do not agree with those obtained by Sobsey et
al. (30), although the different bacterial strains used as host in both studies may be an important factor
to explain these differences. For these phages, the use of modified membrane filters, by addition of
cationic polymers, decreased phage recovery to less than 15.0%. The exact effect of these cationic
polymers on the isometric phages is not completely known, Several unconcluded studies carried out by
us (data not presented) suggest a potential toxicity of the cationic polymers (PEI and Nalco) on the
recovery of F-specific RNA coliphages. On the other hand, only coliphage T7 showed an optimal
recovery rate with the use of the present methodology with all the filter types.

In summary, the simple membrane filter technique as described by Sobsey et al. (30) seems also to
be an adequate method to enumerate somatic coliphages from water samples containing a low number
of phages, which are undetected by the direct assay using the DAL technique, or for its use to verify the
efficiency of the drinking water treatment processes. The application of this technique by the use of filters
treated with cationic polymers to avoid the pre-treatment of the sample with magnesium ions, may be
of interest in urgent situation, because it is more rapid and casier. The efficiency of the filters charge-
modified by treatment with cationic polymers is higher with samples without the addition of divalent
salts. On the other hand, the addition of Tween 80 to the agar medium as eluent agent improves the
recovery of somatic coliphages in all cases.
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Summary

Pure cultures of Thiobacillus ferrooxidans and mixed cultures of Thiobacillus ferrooxidans and
Leptospirillum ferrooxidansisolated from the Matahambre mine (Cuba) were used to fitimmunodiffusion
and immunoelectron microscopy to the study of iron oxidizing bacteria. The possibilities, advantages
and limits of those techniques have been studied from both the identification and the serological
characterization points of view. Finally, the efficiency of these methods was tested by applying them to
the identification of microorganisms from acidic waters from the mine.

Key words: immunodiffusion, immunoelectron microscopy, Thiobacillus ferrooxidans, bioleaching

Resumen

Utilizando cultivos simples de Thiobacillus ferrooxidans y cultivos mixtos de Thiobacillus
ferrooxidans y Leptospirillum ferrooxidans, aislados del yacimiento de Matahambre (Cuba), se han
puesto a punto las técnicas de inmunodifusién doble y de inmunomicroscopia electrénica de transmision
para estudiar bacterias ferrooxidadoras. Se han analizado y valorado sus posibilidades y limitaciones,
tanto desde el punto de vista de la identificacién como de la caracterizacion serolégica. Finalmente, se
ha comprobado la eficiencia de estas técnicas aplicandolas a la identificacién de microorganismos de
aguas dcidas procedentes de la propia mina.

* Correspondencia: Orquidea Coto. Departamento de Microbiologia. Facultad de Biologia. Universi-
dad de La Habana. Ciudad de La Habana. Cuba.
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Introduccion

Las bacterias que colonizan las aguas 4cidas de drenaje de los yacimientos mineros forman una
poblacién muy heterogénea. Entre las bacterias lixiviadoras, Thiobacillus ferrooxidans es la mas pre-
dominante entre un ndmero de microorganismos quimiolitotrofos y heterdtrofos. Leptospirillum
ferrooxidans es una de las bacterias ferrooxidadoras que con mas frecuencia acompafia a Thiobacillus
ferrooxidans en los ambientes mineros (2, 8). Sin embargo, muchos de los microorganismos que existen
en estos habitats estdn adn sin conocer, a causa de las dificultades que presentan para su cultivo,
aislamiento e identificacion.

La identificacién y clasificaciéon de bacterias se realiza tradicionalmente mediante estudios
morfolégicos y bioquimicos, aunque mis recientemente se han comenzado a utilizar los métodos
genéticos, serolégicos y quimicos (6), que destacan por su eficiencia, alta sensibilidad y rapidez. Sin
embargo, el empleo de métodos seroldgicos con bacterias lixiviadoras no se ha generalizado hasta el
momento.

Con el objetivo de valorar las ventajas de los métodos serolégicos como procedimiento para la
identificacién y caracterizacién de estos microorganismos, en este trabajo se describe la puesta a punto
de la técnica de inmunodifusién doble (IDD) para este tipo de bacterias. Los resultados se relacionan y
comparan con los obtenidos mediante inmunomicroscopia electrénica de transmisiéon (IMET), emplean-
do antisueros obtenidos de conejos, a partir de cultivos simples de Thiobacillus ferrooxidans y cultivos
mixtos de Thiobacillus ferrooxidans 'y Leptospirillum ferrooxidans. Ademas, se estudian las relaciones
antigénicas entre Thiobacillus ferrooxidans y otros géneros aislados del mismo hébitat y de otros
hébitats no afines.

Materiales y métodos

Cepas bacterianas. Se utilizaron bacterias ferrooxidadoras presentes en aguas dcidas del yacimiento
minero de Matahambre (Cuba), aisladas por pases sucesivos de medio liquido (11) a medio sélido (7).
Una vez logradas las colonias dmbar, caracteristica principal de estas bacterias sobre medio con agar,
se volvieron a inocular en medio liquido. Dos de estos cultivos, denominados 8H y 22poli, resultaron
ser cultivos puros. Otsode ellos (24Ha) se comprobd que era un cultivo mixto de Thiobacillus ferrooxidans
y Leptospirillum ferrooxidans (4).

La bacteria Thiobacillus ferrooxidans, cepa ATCC 23270, fue donada por el Dr. Bauer. Paralela-
mente se emplearon dos Thiobacillus thiooxidans previamente identificados (4) y seis bacterias no
relacionadas, donadas por el Laboratorio de Bacteriologia de 1a Universidad de La Habana: Escherichia
coli, Pseudomonas aeruginosa, Azospirillum brazilense, Flavobacterium suaveolans, Salmonella
enteritidis y Xanthomonas campestris.

Preparacion del inmundgeno. Las bacterias 8H, 22poli y la cepa ATCC 23270 de Thiobacillus
ferrooxidans, asi como el cultivo mixto 24Ha, fueron inoculados en matraces Erlenmeyer con 500 ml
de medio liquido (11), y se mantuvieron en agitacién durante 7 dias a 37°C. Las células se recogieron
por filtracion a través de membranas Millipore de 0,45 pm, y se lavaron tres veces con 5 ml de agua dcida,
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pH 1,8, dejandolas reposar durante 30 min para eliminar el hierro residual. La concentracion se estim6
por lectura de laabsorbancia a 540 nm y, para la preparaci6n de antisueros, se llev6 a una densidad optica
(DO) de 0,4 6 0,8 unidades.

Preparacion de antisueros. Se utilizaron 5 conejos de aproximadamente 2 kg de peso. Dos de ellos
se inmunizaron con Thiobacillus ferrooxidans ATCC 23270, otros dos con Thiobacillus ferrooxidans
8H y 22poli, y el quinto con cultivo mixto de Thiobacillus ferrooxidans y Leptospirillum ferrooxidans
(24Ha). Los conejos fueron inoculados semanalmente con 1 ml del inmunégeno correspondiente (a 0,4
6 0,8 unidades de densidad 6ptica, segiin el caso), emulsionado con adyuvante de Freund, 1:1, completo
(C) o incompleto (I), de acuerdo con el siguiente esquema:

Inoculacién 1 2 3 4 5 6 7 8
Dia 1 7 14 28 35 42 49 79
Dosis (DO) 0,4 04 0,8 0.8 0,8 0,8 0,8 0,8
Adyuvante C I I I - - - -

La primera inoculacién se realizé con células inactivadas por calor. Se emple6 la via subcutdnea
para las 3 primeras inoculaciones y la via intravenosa para las 5 restantes. La sangre fue recogida por
puncién cardiaca y los antisueros (As) correspondientes (As23270, As8H, As22poli, As24Ha) fueron
conservados en corgelacion. La inoculacién se complementd con una nueva inyeccién de recuerdo, 4
semanas mas tarde.

Inmunodifusién doble. Las inmunodifusiones se realizaron segiin el procedimiento previamente
descrito (9). Se emplearon dos preparaciones del antigeno:

(i) Tratamiento ultrasénico: 0,5 ml de la suspensién bacteriana en tampén fosfato, pH 8,2, se
sometio a tratamiento con ultrasonido a 20 kHz, en baiio de hielo y durante 4 min.

(if) Tratamiento enzimdtico: la suspension bacteriana se centrifugd y el sedimento celular fue
tratado con lisozima en tampdn hiperténico (25 mM sacarosa, 25 mM Tris, 25 mM EDTA, pH 8), durante
48 h.

Inmunomicroscopia electrénica. La inmunomicroscopia electrénica con anticuerpos marcados
con oro coloidal se realiz6 por el método indirecto (10), usdndose como conjugado IgG de cabra anti-
IgG de conejo marcado con oro coloidal de 5 nm de tamafio de particula. Los titulos de los As23270,
As22poli, As24Hay As8H se determinaron mediante el establecimiento del umbral de dilucién, mds alla
del cual no se obtenia marcaje. Cada antigeno se enfrentd a distintas diluciones (desde 1:10 hasta 1:3000)
de su antisuero homdlogo.

Para el estudio de la aplicabilidad de este procedimiento a un caso real, se utilizaron cultivos
primarios de muestras de agua de diferentes niveles del yacimiento, concentrados por filtracion a través
de membranas Millipore de 0,45 pm, e inoculados en medio Touvinen y Kelly (11) y en medio tiosulfato
(3). Se mantuvieron 7 y 15 dias, respectivamente, en agitacién a 35°C, hasta apreciar el cambio de
coloracion. Las células fueron recogidas, resuspendidas en agua acida, pH 1,8, y enfrentadas a los
antisueros; posteriormente se observaron al microscopio electrénico de transmision.
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TABLA 1
REACCIONES Ag-As ESTUDIADAS POR IDD

As Titulo Nimero de bandas observadas frente a Ag

2321 22poli 8H 24Ha
2321 32 3 2 2 0
22poli 1:32 2 3 2 0

Resultados y discusion

Latitulacién de los antisueros 23270y 22poli por IDD produjo un titulo de 1:32 (Fig. 1). Alenfrentar
estos antisueros a sus antigenos homélogos tratados, tanto enzimdtica como ultrasénicamente, no se
pudo apreciar ninguna diferencia entre ambos tratamientos en cuanto al numero de bandas, pero si en
cuanto a la intensidad de éstas (datos no mostrados). Las bandas de precipitacion fueron mas intensas
frente al antigeno tratado con lisozima, lo que puede indicar que la sonicacion provoca cierta
desnaturalizacion de las estructuras antigénicas (5). Las reacciones cruzadas entre el As 23270 y los
antigenos (Ag) 22poli, 8H y 24Ha mostraron menos bandas de precipitacién que la reaccion homologa;
lo mismo sucedié con el As anti 22poli al reaccionar con sus antigenos heter6logos (Tabla 1).

Por otra parte, al enfrentar el As anti 23270 a su antigeno homdlogo y a los antigenos heter6logos
8H y 22poli, se observé la aparicion de un saliente 0 «espuela» en la interaccion de la banda de
precipitacién de 22poli y la de 23270, y la de la primera y la de 8H (Fig. 2). Esto es sefial de una identidad
parcial entre el antigeno 22poli y los otros dos; algunos de los determinantes antigénicos presentes en
los extractos son comunes, pero 22poli posee estructuras antigénicas diferentes a las presentes en 8H y
23270.Esteresultado es muy significativo, al indicar que Thiobacillus ferrooxidans 22poli es un serotipo

FIG. 1. Titulacién del As 23270 frente a su antigeno correspondiente. Dilucién del antisuero: a: 1/2; b: 1/4;
c: 1/8; d: 1/16; e: 1/32; f: 1/64.
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FIG. 2. Caracterizacién inmunolégica de diferentes cultivos de 1. ferrooxidans por IDD. Los As anti 23270
(a) y anti 22poli (b) se han enfrentado a sus Ag homélogos y a otros heter6logos.

diferente de los T. ferrooxidans 8H y 23270. Resultados similares fueron observados por Arredondo y
Jerez (1) al estudiar serolégicamente diversas cepas de Thiobacillus ferrooxidans. Sin embargo, cuando
se enfrent6 el As anti 22poli a su antigeno homélogo y a los heterélogos 23270 y 8H, se observé que el
encuentro de las bandas de precipitacion era diferente, y no presentaba cruzamientos (Fig. 2); el As anti
22poli reconocié todos los determinantes antigénicos en los extractos 8H, 22poli y 2321; el Ag 22poli
presenté identidad con 2321 y con 8H.

Cuando ambos antisueros anti Thiobacillus ferrooxidans (As23270 y As22poli) se enfrentaron al
Ag heterélogo 24Ha, no se detectaron bandas de precipitacion (Fig. 2). Dado que el Ag 24Ha contiene
a la vez Thiobacillus ferrooxidans y Leptospirillum ferrooxidans, es posible que este resultado se deba
a que el nimero de células del primero, en el cocultivo, sea inferior a la requerida para su deteccion por
IDD. Por otro lado, cuando el antisuero anti 24Ha se enfrenta a sus antigenos hom6logos no se detectan
bandas de precipitacién, pero éstas si son visibles cuando se enfrenta a los Ag heter6logos de

FIG. 3. IDD del As anti 24Ha frente a distintas fuentes antigénicas: a, b y f: Ag 24Ha; c: Ag 8H; d: Ag 23270;
e: Ag 22poli.
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TABLA 2
RELACIONES ANTIGENICAS CRUZADAS DEL As2321 CON OTROS GENEROS,ESTUDIADAS
POR IMET

Antigeno Dilucién del antisuero

1:5 1:10 1:20

Thiobacillus thiooxidans - - -
24Ha / forma bacilar + + +
24Ha / forma espiralada - - -
Escherichia coli - - —
Pseudomonas aeruginosa - - —
Flavobacterium suaveolans + + -
Azospirillum brazilense - - -
Salmonella enteritidis - - _
Xanthomonas campestris + + -

Thiobacillus ferrooxidans 23270, 22poli y 8H (Fig. 3). Este iltimo resultado confirma la hipétesis
anterior: en este caso los antigenos proceden de monocultivos y la concentracin celular en ellos es
mayor, lo que permite la observacion de lareaccion. La posibilidad de que pudieran darse interferencias
entre ambos antigenos que impidieran su adecuada difusion en el gel parece mucho menos viable.

Paralelamente se realiz6 un estudio de la cinética de produccién de Ac en los animales de
experimentacién inoculados con los inmundgenos 23270, 22 poli y 24Ha; los resultados se muestran en
las Figuras4a,4by 4c. Con el esquema de inmunizacién propuesto se detectaron Ac contra 7. ferrooxidans
a partir de los 12 dias de comenzada la inmunizacién; a los 20 dias el titulo era de 1:500 (Fig. 4a), siendo
ya suficientemente bueno para el trabajo de IMET. Este esquema de inmunizacién también resultd
efectivo para Leptospirillum ferrooxidans ya que permiti6 obtener un As que reaccioné en IMET hasta
una dilucion de 1:2000. Mantener la inmunizacién mas alla de los dos meses no reportd beneficio alguno
en cuanto al titulo de anticuerpo.

La cinética de produccién de Ac de las formas bacilar y espiralada del inmunégeno 24Ha fue
diferente (Fig. 4b y 4c) y la misma se inicié mucho antes en el caso de la forma bacilar.

Elestudio de lasreacciones seroldgicas entre los cultivos de Thiobacillus ferrooxidans y otros géneros
diferentes mediante IMET se muestran en la Tabla 2. El As anti 23270 reconoci6 la forma bacilar del
cocultivo 24Ha pero no la forma espiralada, ni siquiera a menores diluciones del As. También reaccion6
con Flavobacterium suaveolans y con Xanthomonas campestris, si bien tinicamente hasta la dilucién
1:10 del antisuero, por lo que no resulta significativo; su posible interferencia en los estudios de deteccion
e identificacién de Thiobacillus ferrooxidans es insignificante ya que estas bacterias no se encuentran
en las aguas 4cidas de las minas, hdbitat natural de las bacterias oxidadoras del hierro.
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FIG. 4. Cinética de produccién de antisueros seguida por IMET. a: inmunizacién con cultivos puros de
T. ferrooxidans 23270y 22poli; b: inmunizacién con cocultivo 24Ha y seguimiento de la respuesta contra la forma
bacilar; ¢: inmunizacién con cocultivo 24Ha y seguimiento de la respuesta contra la forma espiralada.

El «screening» de T. ferrooxidans mediante IMET en 8 muestras de aguas 4cidas de las minas
permiti6 contrastar la validez de esta técnica en un caso practico. En tres de esas muestras se detecto la
presencia de esta bacteria; en otras cuatro muestras se observaron bacilos que no reaccionaron con el As
empleado, y en la muestra restante se detecté una mezcla de dos bacterias, una de ellas de morfologia
bacilar que reaccioné con el As anti 23270, y la otra, de forma espiralada y en ocasiones curvada, que
no fue reconocida por el antisuero citado.

En resumen, estos resultados resaltan la importancia de la IMET en el estudio y la caracterizacion
de estas bacterias, al ofrecer una doble informacién: morfoldgica (aspecto, tamaifio, presencia de
flagelos, etc.) y serolégica. Igualmente, facilita la deteccién rdpida de T. ferrooxidans en muestras na-
turales. Por otro lado, el estudio que se presenta demuestra también la utilidad de la técnica de IDD para
este tipo de investigaciones, ya que permite diferenciar fenotipos entre los distintos T ferrooxidans,
aspecto que no alcanza a detectar la IMET. La complementacién de estas dos técnicas inmunolégicas
aportard grandes ventajas en la identificacién y caracterizacion de las bacterias oxidadoras del hierro.
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Summary

The particular difficulties found in the growth of cultures of acidophilic bacteria led us to
compare different standard long-term storage methods and evaluate the results we had from
two representative acidophilic bacteria: a mesophile, Thiobacillus ferrooxidans ATCC 23270,
and a thermophile, Sulfolobus BC.
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Resumen

Las peculiares caracteristicas del crecimiento de cultivos de bacterias acidéfilas, presenta
una serie de dificultades que hacen aconsejable disponer de un método fiable de conservacién
a largo plazo. En este trabajo se realiza un estudio comparativo de diferentes procedimientos
de conservacidn aplicados al caso particular de estas bacterias, representadas en una estirpe
mesofila (Thiobacillus ferrooxidans ATCC 23270) y otra terméfila (Sulfolobus BC).
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Introduccion

La conservacion de cultivos bacterianos no constituye generalmente un problema importante. Para
muchos casos existen procedimientos adecuados y eficaces, que permiten conservar microorganismos
durante largos periodos de tiempo y recuperarlos en cultivo de manera sencilla y eficaz (2). En otros
casos, sin embargo, los métodos de conservacién y recuperacién no estin todavia tan firmemente
establecidos. Uno de estos casos es el de las bacterias acidéfilas, las cuales, debido a sus peculiares
caracteristicas de crecimiento, no se acomodan bien a los métodos de conservacion habituales.

Thiobacillus ferrooxidans es una bacteria acidéfila y quimiolitétrofa que utiliza la oxidacién de
hierro ferroso a hierro férrico, y la de ciertos compuestos reducidos de azufre como fuente de energia para
elcrecimiento (1). Sulfolobus BC esunabacteria heterétrofa y quimiolitotrofa facultativa, termoacidofila,
capaz de utilizar la oxidacién de minerales sulfurosos (pirita y calcopirita) como fuente de energia para
el crecimiento (6).

En ambas bacterias, 1a conservacién siempre ha representado un grave problema, pues suele llevar
asociadaunapérdida de la capacidad de oxidacién de hierro, responsable del metabolismo quimiolitotrofico
y, por tanto, de la obtencidn de energia. Ademads, la biomasa obtenida en los cultivos de estas bacterias
es muy inferior a la de la mayoria de los microorganismos, hecho mucho més evidente en el casode T.
ferrooxidans. Esto obliga a mantener de forma continua la reserva del cultivo bacteriano mediante
subcultivos en crecimiento, en volimenes grandes, medio fresco y durante periodos largos de tiempo,
lo que representa un gran consumo de tiempo y esfuerzo. De ahi el interés que tiene el desarrollo de un
método para la conservacion de estos microorganismos durante largos periodos de tiempo. Con este fin,
hemos llevado a cabo un estudio comparativo de distintos métodos estandar de conservacién de cultivos
con microorganismos aciddfilos, evaluando los resultados obtenidos.

Materiales y métodos

Para el desarrollo de este trabajo se ha escogido un microorganismo representante de bacterias
acidofilas mesofilas (laestirpe 23270 de Thiobacillus ferrooxidans dela American Type Culture Collection,
ATCC) y otro de termofilas (la estirpe BC de Sulfolobus)(6). Como control se utilizo la estirpe M 103
de Escherichia coli (5). Se hizo crecer cada estirpe en su correspondiente medio 6ptimo. T. ferrooxidans
ATCC 23270 crecia en medio minimo de sales (0,1 g/l K,HPO,, 0.2 g/l (NH,),SO,, 0.4 g/l MgSO,,
0,1 g/ KCI), a pH 2,0, suplementado con FeSO, hasta 50 mM (4), a 35°C y en agitacion (150 rpm).
Sulfolobus BC, en solucion salina 9K (3) [3 g/l (NH,),SO,, 0,1 g/1KCl, 0,5 g/l K,HPO,, 0,5 g/l MgSO,,
0,01 Ca(NO,).], pH 2,0, con calcopirita al 1% y a 65°C. E. coli JM103 fue cultivada a 37°C en medio
LB (10 g/l triptona, 5 g/l extracto de levadura, 5 g/l NaCl).

Dado el bajo rendimiento celular que se consigue con estos cultivos, se trat de evaluar el efecto
de la concentracion celular del inéculo en el mantenimiento y recuperacién del cultivo. Para ello se
utilizé un inéculo procedente de un cultivo en crecimiento normal y otro a partir de un concentrado de
células conseguido por filtracién del primero. La filtracion se lievd a cabo a través de membranas de 0,45
pmde porc. Enalgiin caso (conservacion en glicerol), las células retenidas se resuspendieron en el mismo
medio de cultivo, en un volumen que permitié lograr una concentracién de 20:1 respecto al cultivo
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original para T. ferrooxidans y de 10:1 para Sulfolobus. En otros casos, las células retenidas en el filtro
se utilizaron directamente para el indculo del medio de conservacion. Esta etapa de concentracién no se
llevo a cabo en el caso del cultivo control de E. coli, cuya biomasa, muy superior a la de los otras dos
bacterias, no deberia de plantear ningiin problema para la recuperacion del cultivo tras la conservacion.

Los cultivos asi preparados se utilizaron para inocular diferentes medios de conservacion (2), tal
como se indica:

Medio «agua acida»: cuando el in6culo usado fue el propio cultivo celular, se le afiadieron dos
volimenes de agua aciduladacon H,SO, hasta pH 2,0. Cuando el in6culo consistia en c€lulas procedentes
de la filtracidn, éstas se suspendieron directamente en agua acidulada.

Medio «glicerol»: la suspension de células (normal o concentrada) se llevé a una concentracion de
glicerol del 35%.

Medio «leche desnatada»: al cultivo celular se le afiadieron dos volimenes de leche desnatada (marca
Pascual). Cuando se usaron como inéculo las células retenidas tras filtracion, ést_as fueron directamente
suspendidas en la leche.

Como métodos de conservacion alternativos se utilizaron, ademas, la congelacion directa del
cultivo en nitrégeno liquido y la liofilizacién.

Los distintos viales se conservaron a diferentes temperaturas (2): ambiente, 4°C, —-20°C y -70°C.
En todos los casos las muestras se prepararon por triplicado, de tal forma que pudieran ser recuperadas
a tres tiempos diferentes (1, 3 y 6 meses) para poder evaluar el efecto del tiempo de conservacién sobre
la eficacia de cada método.

Paralarecuperacion de las diferentes muestras, se inoculd cada vial de conservacion en proporcion
3:10 en medio fresco especifico para cada cultivo bacteriano:

Medio minimo de sales a pH 2,0. Suplementado con 50 mM FeSO,, para Thiobacillus ferrooxidans
ATCC 23270.

Solucion salina 9K a pH 2,0. Suplementadacon 5mMNa,S,O,,2 mM NaCl, 0,2% casaminoécidos para
Sulfolobus BC. Aunque el medio de cultivo en el que normalmente se hace crecer Sulfolobus BC sélo
contiene calcopirita como fuente de energia, larecuperacién es algo mds rdpida y eficaz cuando el medio
9K se suplementa con tetrationato, como fuente de energia, y casaminodcidos, como fuente de carbono.
Medio LB, para E. coli.

Los cultivos se hicieron crecer a la temperatura adecuada en cada caso: 35°C para Thiobacillus
Sferrooxidans ATCC 23270, 65°C para Sulfolobus BC y 37°C para E. coli. Larecuperacion se considerd
positiva cuando al cabo del tiempo predeterminado (7 dias para T. ferrooxidans, 15 dias para Sulfolobus)
pudo detectarse crecimiento celular (mediante observacién al microscopio), y, ademds, en el caso de T.
ferrooxidans, oxidacién de hierro ferroso en el cultivo (aparicién de coloracién naranja por precipitacién
de hierro férrico).

Resultados y discusion

Los efectos de los diferentes métodos de conservacion sobre la viabilidad de las células de T.
ferrooxidans quedan resumidos en la Tabla 1. El agua 4cida a pH 2,0 parece ser un método de
conservacién 6ptimo, a corto y a largo plazo, para 7. ferrooxidans, ya que en todos los casos (recupe-
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TABLA 1
SUPERVIVENCIA DE LAS CELULAS DE Thiobacillus ferrooxidans DESPUES DE HABER SIDO
SOMETIDAS A DIFERENTES PROCESOS DE CONSERVACION

Condiciones de conservacién Crecimiento

Medio de conservacién  Indculo Temperatura 1 mes 3 meses 6 meses
Agua 4cida pH 2,0 cultivo 4°C + + +
células 4°C + + +
Glicerol 35% cultivo -20°C + - -
-70°C + - -
células -20°C + - -
-70°C + - -
Leche desnatada cultivo 4°C + + +
-70°C + + +
células 4°C - - -
-70°C - - -
Liofilizado cultivo 20°C -4 - -
Nitrégeno liquido cultivo -70°C - - -

¢ Tras tiempo largo, resultaba +.

racion al cabo de 1, 3 y 6 meses de conservacién) las células presentaban capacidad oxidante de ferroso
aférricoy una velocidad de crecimiento semejante a la de un cultivo «fresco». Lascélulasde T ferrooxidans
conservadas en glicerol al 35% mantienen su viabilidad a corto plazo, mientras que a tiempos de
conservacion superiores al mes ya no presentan viabilidad.

La leche desnatada es un buen medio de conservacién, pero siempre que el indculo de
células contenga solucién salina a pH 2,0. Cuando las células son resuspendidas directamente
en leche, no muestran viabilidad en el intento de recuperacién. Muy probablemente, el
abandono de las condiciones de pH proximas a 2,0 es un factor determinante en la pérdida de
viabilidad de estas células. Por el contrario, la precipitacion de diferentes componentes de la
leche que tiene lugar cuando ésta se afiade al cultivo (en medio salino a pH 2,0), podria eliminar
algtn producto de la solucién que resultara téxico para T. ferrooxidans en el momento de la
recuperacion del cultivo, y que, sin embargo, estaria presente cuando las células se resuspenden
directamente en leche.
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Los otros dos métodos de conservacion, liofilizacién y congelacién en nitrégeno liquido,
no resultan adecuados para la conservacién de T. ferrooxidans. Las células sometidas a
liofilizacién son capaces de recuperar su viabilidad, pero requieren un largo periodo de tiempo
paralarecuperacion del cultivo. La eficacia de estarecuperacion parece aumentar bastante con
ciertos tratamientos del cultivo antes y después del proceso de liofilizacién, tal y como se ha
descrito recientemente (7).

La viabilidad celular de Sulfolobus BC en los diferentes medios de conservacion se indica
en la Tabla 2. Independientemente del método de conservacién, la biomasa del in6culo parece
ser importante, ya que sélo se consigue una recuperacién aceptable en los experimentos
realizados a partir del concentrado celular, exceptuando el caso de la leche desnatada, por las
circunstancias descritas.

TABLA 2
SUPERVIVENCIA DE LAS CELULAS DE Sulfolobus BC DESPUES DE HABER SIDO
SOMETIDAS A DIFERENTES PROCESOS DE CONSERVACION

Condiciones de conservacion Crecimiento
Medio de conservacién  Indculo Temperatura 1 mes 3meses 6 meses
Agua 4cida pH 2,0 cultivo 4°C - - -
células 4°C + + +
Glicerol 35% cultivo -20°C - - -
—70°C - - -
células -20°C + + +
-70°C + ND* +
Leche desnatada cultivo 4°C - - -
-20°C - - -
-70°C - - -
células 4°C - - -
—20°C - - -
-70°C - - -
Liofilizado cultivo 20°C - ND -
Nitrégeno liquido cultivo -70°C + + +

1 .
“ ND, no determinado.
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El agua 4cida a pH 2,0 parece ser un buen medio de conservacién, a corto y a largo plazo,
en Sulfolobus BC, asi como la congelacién del cultivo en nitrégeno liquido. No obstante,
resulta dificil explicar el hecho de que la conservacion en N, liquido realizada a partir de un
inéculo directo de cultivo permita la recuperacién de la viabilidad celular, mientras que la
conservacién del mismo inéculo directo en agua dcida a pH 2,0 no lleve a la recuperacion del
cultivo. Es posible que el motivo sea la diferente temperatura de conservacién, 4°C o -70°C,
utilizada en cada caso. El efecto que tiene la conservacion a 4°C sobre una bacteria terméfila
parece ser mucho mas perjudicial que su congelacién. ‘

Finalmente, el glicerol al 35% parece ser un buen medio de conservacién, siempre que el
indéculo sea un concentrado celular. La recuperacion de la capacidad de crecimiento del cultivo
en este medio de conservacion es algo mads lenta que la del cultivo fresco.

Las células de E. coli JM103 no presentan ningin problema para recuperar su viabilidad
después de haber sido sometidas a los diferentes procesos de conservacidn.
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The Spanish Type Culture Collection of microorganisms
(CECT)

Federico Uruburu

Coleccién Espariola de Cultivos Tipo (CECT), Burjassot, Valencia

The foundation of the Coleccion Espafiola de Cultivos Tipo (Spanish Type Culture
Collection) was planned by Prof. J. R. Villanueva, who started to collect and maintain
microbial strains in 1960. Most of these initial strains came from the fungal collection of Dr.
C.Ramirez and the yeast collection of Dr. E. Feduchy. Others came from the Phytopathological
Station of Oeiras (Portugal) and were deposited by Prof. Villanueva and Dr. J. A. Leal. These
initial strains were also offered to the Spanish microbiologists who asked for them.

For eight years, The CECT was located in the Instituto Jaime Ferrdn de Microbiologia, of
the Spanish National Research Council (CSIC), and the Instituto de Biologia Celular, also of
the CSIC, in Madrid. In 1968 the CECT moved, with Prof. Villanueva, from the CSIC in Madrid
to the University of Salamanca and carried on with its task in the Department of Microbiology
of the Faculty of Biology in Salamanca. In 1974 the microbial strains of the CECT were transferred
to the Department of Biology of the University of the Basque Country, in Bilbao, and I became its new
curator. For six years the CECT was housed in Bilbao and in 1976 it published the first edition of its
catalogue of strains, in which, 200 bacterial strains, 63 actinomycete strains, 86 filamentous fungal
strains and 87 yeast strains were included, they being 436 strains in total.

In 1980 the collection moved from Bilbao to Valencia and, since that date, CECT has been housed
in the University of Valencia, at the Department of Microbiology of the Faculty of Biological Sciences.
In 1990 the third edition of the CECT’s catalogue was published. The catalogue gives details of the
strains (source, characteristics, special features, applications, etc.), as well as incubation temperatures,
recipes for growth, media and references.

In 1991 the 800 yeast strains of the Microbial Collection Yeast Cultures (MCY C) of the Department
of Microbiology, Agronomic School of Madrid, founded in 1958 by Prof. J. Santa Maria, were
transferred to the CECT.

* Correspondence to: Federico Uruburu. Coleccién Espaiiola de Cultivos Tipo. Departamento de
Microbiologia. Facultad de Ciencias Bioldgicas. Universidad de Valencia. 46100 Burjassot.
Tel.: 96-3864612. Fax: 96-3864372.
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Organization of the CECT

I continue as curator of the CECT. The laboratory work related with the CECT operations is performed
by Prof. M. D. Garcia-Lopez, who has been in charge of this task since 1965, and Ms. C. Belloch, research
assistant belonging to the CSIC, working full time in the collection.

The CECT belongs to the University of Valencia (Spain) and is housed in building A of the Faculty
of Biological Sciences in Burjassot, just outside of the city of Valencia. In a few months it will move to
its own laboratories in a new building. The collection is also associated with the Spanish Society for
Microbiology, which provides with some financial support. Other supporting Spanish institutions are the
"Comision Interministerial de Ciencia y Tecnologia”, of the Ministry of Education and Science, and also
the CSIC.

In 1977 the CECT joined the World Federation of Culture Collections (WFCC) and it is listed as
no. 412 in both the World Directory of Collections of Microorganisms (WDC) and in the World Data
Centre (WDC). In 1983 the CECT joined the European Culture Collections’ Organization (ECCO).
Prof. Uruburu belongs to the United Kingdom Federation of Culture Collections (UKFCC), as well. In
1988 the CECT was integrated in the Microbial Information Network Europe (MINE) as the Spanish node.

Functions of the CECT

Most of the CECT strains are maintained by freeze-drying methods, and some are either cryo-
preserved or maintained by subculture methods. The current number of strains maintained in the CECT
is about 3000 (bacterial strains including actinomycetes, fungal and yeast strains). Those strains include
organisms of industrial importance, taxonomic type strains, organisms used for assays, testing, teaching,
biochemical and genetic research, and strains of general scientific interest. The number of human, animal
and plant pathogenic strains is very limited.

The main function of the CECT is to maintain and to distribute microbial strains which are ordered
by telephone, letter, fax or electronic mail by a wide range of users. Only orders coming from profit-
making laboratories or industry are charged a fee of 5000 PTA per strain (about 25 Sterling pounds). The
number of strains distributed by the CECT has increased considerably every year. Most orders come
from university departments, centres of the Spanish National Research Council and from hospitals. The
pharmaceutical industry is the most important customer among the profit-making institutions.

The CECT is an International Depository Authority under the Budapest Treaty for patent purposes.
The collection may also provide information on different microbial aspects. If the CECT receives orders
for strains that are not yet deposited in the collection, it makes a search for these strains, and order them
through other culture collections. Due to the international airmail postal regulations, strains coming into
Spain from some foreign countries can only be sent by airmail if they are addressed to the CECT. This
isbecause in 1982 the CECT obtained special authorization from the Spanish postal authorities toreceive
strains by airmail from outside Spain.

The CECT provides an identification service for various kinds of microorganisms. Owing to the
research work within the Department of Microbiology, the CECT is especially qualified for the
identification of Gram-negative bacteria, mainly Vibrio sp., lactic acid bacteria and yeast.
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Ordering of strains

All orders and other correspondence should be addressed to: Coleccion Espaiiola de Cultivos Tipo.
Departamento de Microbiologia. Facultad de Ciencias Biolégicas. Dr. Moliner, 50. 46100 Burjasot
(Valencia), Spain. Orders can also be made by telephone: 96-3864612 or by telefax: 96-3864372.

Use of the catalogue

The CECT catalogue is primarily divided into two parts. The first comprises an alphabetical list of
bacteria, and the second a similar list for fungi. The bacterial names are given according to the "Approved
List of Bacterial Names" (AL), edited by V. B. D. Skerman, V. McGovan and P. H. A. Sneath and published
by the American Society for Microbiology in 1989. Names which have been validly published or listed since
1980 in the International Journal of Systematic Bacteriology are annotated VP. A name which has not been
validly published appears without annotation. Yeast nomenclature follows the reference "The Yeast: A
Taxonomic Study" edited by N. J. Kreger van Rij and published by Elsevier Science Publishers,
Amsterdam, in 1984. The names of the filamentous fungi are given according to usual fungal nomenclature.

The arrangement of the strain data is as follows: Scientific name of the species with authors and date
of valid publication where known, and annotated with AL or VP in the case of bacterial names (see above).
The name is followed by a list of legitimate synonyms and alternate names whenever exist. The strains
are referred to by their number in the CECT collection; this is followed by an indication of the strain
taxonomic status (T for type), its serovar, biovar, other taxonomic groupings or remarks.

Next it follows a list of other collection numbers and strains names which refer to this strain. The
year of accession into the CECT appears on a new line, followed by a history of the strain beginning with
the depositor in the CECT and, when known, the date when the depositor received the strain (separates
by , ); the direction of deposits is indicated by an arrow ( <).

When there has been a change in the name under which an organism was received or previously
preserved in the CECT, the current name is given followed by the original source of the strain and country
of isolation, if known. Further information including genotype, plasmid and phage date, special properties and
applications are then listed, also resistance ( :R ) and sensitivity ( :S ) to named antibiotics and any nutritional
requirements. The method of conservation in the CECT is indicated; LY (lyophilized), AG (agar slants) and
LD (L-drying).

Finally, the recommended media (number) and conditions for cultivation are given at the right. For
composition of media see "List of Media". An example of the layout is given below.

Corynebacterium ammoniagenes (Cooke and Keith 1927) Collins 1987 VP

syn: Brevibacterium ammoniagenes (Cooke and Keith 1927) Breed 1953 AL

96 T NCIB 8143; NCTC 2398 (no longer available in NCTC catalogue, 1989); ATCC 6871;
DSM  20306; Cooke 9.6
1973 NCIB < ATCC NCTC < J. V. Cooke Until 1989 preserved as Brevibacterium
am.moniagenes
Stool of infant Production of L-isoleucine, US patent 3,262,861 LY

3,30C
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Other Spanish Culture Collections

Also functioning in Spain is the Microbiological Collection of Rhizobium Cultures located in the De-
partment of Microbiology, Escuela Superior de Ingenieros Agrénomos, Universidad Politécnica de Madrid,
28040 Madrid. It specializes in Rhizobium strains. Various Spanish microbiology departments and laboratories
maintain specialized microbial collections related with their scientific research, e.g., halophilic and related
bacteria in the Department of Microbiology, Faculty of Pharmacy, Sevilla, Department of Microbiology,
Faculty of Pharmacy, Granada, and Department of Microbiology, Faculty of Medicine, Alicante; Enterobacteria,
Clostridium,halophilic bacteria and others in Centre for Biological Research of the CSIC in Madrid; wine yeast
in the Institute of Industrial Fermentations of the CSIC in Madrid; Escherichia coli strains in the Microbio-
logical Section of the Institute of Cytological Research in Valencia; Streptomyces and other actinomycete
strains in the Department of Microbiology, University of Oviedo; Aspergillus and other filamentous fungal
strains in the Unit of Microbiology and Immunology, Faculty of Veterinary, Autonomous University of
Barcelona (Bellaterra), and the Department of Microbiology, Faculty of Medicine, University Rovira Virgili
(Reus).

In addition, there is the Spanish Collection of Genetic Engineering Data, which is located at the
Centre for Biological Research, CSIC, Veldzquez 144, Madrid. Dr. Miguel Vicente and Dr. Angeles
Sacristan are in charge of this collection, which is a compilation of data on plasmids, cosmids,
bacteriophages, microorganisms important in genetic engineering, cell lines, genetic libraries and
recombinant vectors available through the collection. A catalogue containing these data and the source
of the information and biotic materials has been published under the title “Vectores Cedig”.

The European Culture Collection Organization (ECCO)

In 1981, at the 4th International Conference of Culture Collections, the curators of the major service
collections in Europe agreed that it was essential to collaborate and trade ideas and information about
all aspects of culture collections activities. Accordingly, ECCO was launched, and in 1982 its first
meeting took place at the Deutsche Sammlung von Mikroorganismen (DSM), at that time situated in
Gottingen, and presently located in Braunschweig, FRG. Since that inaugural meeting ECCO has met
each year in different countries.

ECCO membership is open to representatives of any microbial resource centres that provide a
professional service on demand and without restriction, that accept cultures for deposits, that produce
catalogues, and that are housed in countries with microbiological societies affiliated to the Federation
of European Microbiological Societies (FEMS). Additionally member culture collections must be
affiliated to the World Federation for Culture Collections (WFCC). ECCO is itself an affiliated member
of the Federation of European Microbiological Societies and of the World Federation for Culture
Collections. ECCO has stimulated much activity among its members, and has undoubtedly encouraged
a European approach in many issues.

Reference
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Catalogue of Strains, 3rd Edition. University of Valencia, Burjassot, Spain.
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REVISION DE LIBROS

Trends in Microbial

Ecology

Proceedings of the 6th International
Symposium on Microbial Ecology
Dirigido por R. Guerrero, C. Pedrés-Alié

Spanish Society for Microbiology, 1993. Barce-
lona. xxii + 718 pp. ISBN 8§4-604-7996-X.

Al afio de la celebracién en Barcelona del 6th
International Symposium on Microbial Ecology,
septiembre 1992, aparece el libro de "Proceedings”
del congreso, que contiene las ponencias y confe-
rencias invitadas. Los directores,R. Guerreroy C.
Pedrds-Ali6, que yaconsiguieran un notable éxito
en la organizacion de la reunién, han culminado
aquella empresa con la publicacion de Trends in
Microbial Ecology, una obra de atractiva presen-
tacion y excelente calidad cientifica, en laque han
participado investigadores de un bien ganado
prestigio.

Los Simposios Internacionales de Ecologia
Microbiana se iniciaron en Dunedin, Nueva
Zelanda, en el afio 1977. Desde entonces se vie-
nen celebrando cada tres afios y, tanto por el
nimero de participantes como por la calidad de la
ciencia representada, se han convertido en acon-
tecimientos cientificos de primera categoria. Este
desarrollo de la ecologia microbiana aparece bien
documentado en este libro de 143 articulos, cui-
dadosamente distribuidos en cinco partes, cada
una de las cuales estd dividida en subapartados
que facilitan el trabajo de referencia y consulta.
Siguen la siguiente ordenacién: A. Ecologia fi-
sioldgica (40 articulos): condiciones extremas,
microorganismos fototréficos, capacidades
metabOélicas, superficies, gradientes, privacién de
nutrientes; B. Interacciones entre poblaciones
(30 articulos): interacciones con animales,
interacciones con plantas, interacciones con vi-
rus, transferencia del material genético entre mi-

croorganismos; C. Ecologia de las comunidades
(31 articulos): estructura de las comunidades,
redes alimentarias microbianas, ciclo de los ele-
mentos, ecologia global; D. Sistematica y evolu-
cion de los microorganismos (17 articulos):
métodos para la identificacién in situ de micro-
organismos, estrategias para el aislamiento de
Nuevos microorganismos, especies microbianas y
su evolucién; E. Ecologia microbiana aplicada
(25 articulos): virologia ambiental, biorrestau-
racién, productividad vegetal, biodeterioro,
ecologia microbiana médica. Cada una de las
partes va precedida de un capitulo a cargo de los
investigadores que impartieron conferencias ple-
narias en el congreso y de una introduccion de los
directores de libro, donde se ofrece una perspecti-
vaglobaldel desarrollo ydel estado actual del tema.

A su utilizacién como libro de texto y de
consulta contribuye el indice de palabras clave,
con nueve paginas, y el de autores, con cinco, que
facilita la identificacién de los 384 autores y
coautores.

Trends in Microbial Ecology ofrece una
completa informacién sobre el estado de la
ecologia microbiana en el afio 1992. Esta materia
aparece como un campo cientifico en rapido cre-
cimiento; estudia, en general, todas las formas de
vida de este planeta y, debido a que no hay ningiin
ambiente carente de microorganismos, también
sus interacciones mutuas y los factores del am-
biente.

Trends in Microbial Ecology deber ocupar
un lugar en las bibliotecas de los departamentos e
institutos de biologia (no sélo de microbiologia)
y en la biblioteca personal de todo ecélogo (no
s6lo microbiano). Por la estrecha interaccién de la
ecologia microbiana con las geociencias, es reco-
mendable para geoquimicos y gedlogos. Su pre-
cio razonable lo hace asequible también a los
estudiantes.

Hans G. Triiper
Universidad de Bonn, Alemania
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Microbiologia
Mecanismo de las enfermedades infec-

ciosas. Enfoque mediante resolucion de
problemas

M. Schaechter, G. Medoff, B. Eisenstein,
H. Guerra.
Editorial Médica Panamericana. 1994. Buenos

Aires. 2% ed. 960 pdginas. Con ilustraciones en
color y en blanco y negro. ISBN 84-7903-126-3.

La segunda edicién de este excelente tratado
sobre enfermedades infecciosas mantiene el mis-
mo enfoque de la edicion anterior, consistente en
la presentacién de los temas en un marco
biopatolégico aplicado a casos clinicos. A este
enfoque se debe parte de su éxito y aceptacién por
los estudiantes. Como novedad, incorpora capitu-
los sobre biologia molecular y enfermedades de
reciente aparicion, que son imprescindibles en
libros de texto de uso actual.

El contenido se divide en tres secciones. La
primera, dedicada a los principios bésicos, ofrece
un panorama de la biologia general y molecular de
los agentes infecciosos y de las defensas del
huésped. La segunda se dedica al estudio de esos
agentes infecciosos, en particular bacterias, virus,
hongos y pardsitos animales, con una introduc-
cion general que precede al tratamiento de los
grupos de organismos causantes de distintas en-
fermedades. Hay una amplia exposicion de casos
clinicos y comentarios de los autores sobre los
principios generales de los agentes estudiados,
todo lo cual refuerza la importancia que tiene la
resolucion de problemas précticos en el aprendi-
zaje. En esta seccion se incluyen las patogenias de
reciente identificacién, como el sida, la enferme-
dad del legionario (causada por Legionella
pneumophila) y la enfermedad de Lyme (o
borreliosis de Lyme, causada por Borrelia
burgdorferi). Laterceray ultima seccién se dedica
a la fisiopatologia de las enfermedades infeccio-

sas y a sus efectos sobre los principales sistemas
y aparatos del organismo humano, incluyendo un
apartado sobre principios de epidemiologia.

En el libro se destacan los aspectos comunes
de las propiedades patogénas de los agentes infec-
ciosos, asi como las relaciones huésped-parasito.
También, diversos agentes y enfermedades que
contribuyen a la comprensién de los fenémenos
generales de la patogenia, sin pretender hacer un
tratamiento exhaustivo, mas propio de un libro de
consulta. Enesalinea, los agentes antimicrobianos
y la respuesta del huésped se tratan s6lo con el
propésito de comprender los mecanismos de tales
enfermedades. Contribuyen al valor did4ctico del
libro los cuestionarios de autoevaluacion y los
cuadros de revision, con sus respectivas respues-
tas. Los temas estudiados incorporan los conoci-
mientos mas recientes, que se presentan de mane-
ra amena y comprensible. Si algo se echa en falta
es lainclusion de bibliografia en el capitulo sobre
principios del diagnéstico, que incluye técnicas
recientes tales como PCR, y mayor actualizacién
en las referencias sobre los aspectos generales de
la genética bacteriana y sobre las bases bioldgicas
de la accién antimicrobiana.

El libro facilita la adquisicién de conoci-
mientos mediante un enfoque conceptual y realis-
ta que permite predecir la resolucién de nuevos
casos clinicos. Va dirigido a estudiantes de las
carreras de ciencias de la salud: medicina, farma-
cia, veterinaria, biologia y enfermeria, y resulta
util en la practica del diagnéstico clinico. Es
igualmente adecuado para que el personal intere-
sado, que no haya cursado especialidades clini-
cas, conozca el modo de actuacién de los agentes
causantes de las enfermedades infecciosas. Los
profesores de microbiologia médica pueden en-
contrar en €l un texto valioso para la preparacion
de las clases tedricas y précticas, y multitud de
ideas para elaborar diverso material grafico.

Beatriz S. Méndez
Universidad de Buenos Aires, Argentina
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Microbiologia médica
Cuaderno de practicas y demostraciones
Dirigido por G. Prats

Ediciones Doyma S.A. Barcelona, 1993. 114 pd-
ginas. ISBN 84-7592-524-3.

En la elaboracién de este libro de practicas han
participado un total de nueve autores, todos ellos
versados en la docencia tedrica y prictica de la
microbiologia general y clinica. Es precisamente
la experiencia adquirida a lo largo de afios de
ejercicio docente la que se pone de manifiesto en
un tratamiento flexible del material de trabajo, en
este caso centrado en la organizacion de sesiones
de précticas de laboratorio. El libro proporciona
el material necessario para que alumnos y profe-
sores organicen el trabajo segtin sus propias pau-
tas. Por ello hay dos introducciones, una dirigida
a los alumnos y otra a los profesores, las cuales
orientan sobre la utilizacion del libro, a fin de
conseguir el mayor aprovechamiento en el cum-
plimiento de su funcién como guia auxiliar en la
preparacion de practicas de microbiologia médi-
ca.

Esta obra va dirigida principalmente a estu-
diantes de medicina, peroresulta igualmente ade-
cuada en las carreras de farmacia, veterinaria y
biologia, asi como para las ensefianzas relaciona-
das de formacién profesional y de enfermeria.

El libro estd dividido en dos partes. La pri-
mera se dedica a las técnicas bdsicas de
microbiologia. Tiene por objeto familiarizar al
alumno con la metodologia que, posteriormente,
va a aplicar en la ejecucion de las practicas pro-
puestas, o con aquellas otras programadas en su
asignatura. En esta parte del libro se ofrece un
conjunto de siete sesiones pricticas dedicadas a
bacteriologia general (la parte mas extensa),
micologia, parasitologia, virologia y pruebas
serologicas. Cada sesion incluye los fundamentos

tedricos de las practicas arealizar y de las técnicas
correspondientes, asi como esquemas detallados
de los instrumentos y de las fases de los diferentes
procedimientos. Por medio de ellos, el alumno
puede comparar su trabajo con el esquema y
comprobar si lo estd haciendo correctamente.
Cada prueba se acompaiia de los elementos
necesarios para la lectura e interpretacién de los
resultados.

La segunda parte es una revision sintetizada
de los grandes sindromes infecciosos. Incluye
infecciones urinarias, enfermedades de transmi-
sidon sexual, gastroenteritis, meningitis, infeccio-
nes pidgenas y necrotizantes, infecciones respira-
torias y sepsis. En cada una de ellas se indica el
tipo de muestra que hay que remitir al laboratorio
de microbiologia, los microorganismos patégenos
mds frecuentes en cada caso y las técnicas mas
adecuadas para el diagndstico. Todo ello facilita
la comprension por parte del estudiante y la apli-
cacidn de las técnicas desarrolladas en la primera
parte del libro. Los autores introducen aqui orien-
taciones y sugerencias para la observacion y la
discusién que, sin duda, ayudardn a completar el
resultado del aprendizaje por la practica.

No se fijan los tiempos de realizacion de
cada una de las siete practicas propuestas. Laidea
de los autores es que el cuaderno se utilice como
una guia de trabajo por parte de estudiantes y
profesores, quienes podrdn asi adaptarla a las
necesidades de su asignatura, al nivel de los gru-
pos y, la disponibilidad de tiempo y medios, entre
otras cosas.

Contribuye alautilidad de estamicrobiologia
médica la inclusién de un apéndice con un com-
pleto listado del material y los reactivos necesa-
rios para la realizacién de las practicas, y treinta
y ocho excelentes fotografias en color.

Niiria Martin Casabona
Residencia Sanitaria Valle de Hebrén, Barcelona
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Introduction to Diagnostic
Microbiology

E.W. Koneman, S. D. Allen,
W. M. Janda, P. C. Schreckenberger,

W.C. Winn Jr.

J. B. Lippincot Co. Philadelphia, 1994. 527 pp.
Con ilustraciones en color y en blanco y negro.
ISBN 0-397-51215-5.

Cuando se aborda un tema eminentemente practi-
co,como esel casode las técnicas para el diagnds-
tico microbiolégico, sin duda hay que hacer una
seleccion entre toda la amplia informacion dispo-
nible. La premisa que ha orientado la labor de los
autores es que la gran cantidad de informacién
existente en microbiologia diagndstica excede la
capacidad de los cursos que los estudiantes reci-
ben. Se supone, con ello, que su intencién no ha
sido condensar la materia, sino realizar una pros-
peccioén de lo que resulta realmente significativo
para cada nivel de estudio.

Este texto introductorio se dirige a un publi-
co compuesto por licenciados/graduados que si-
guen programas master o de preparacion de técni-
cas de laboratorio aplicadas al diagndstico clini-
co. Resulta adecuado también como texto prepa-
ratorio para diversos tipos de exdmenes (MIR,
FIR, BIR). Esté centrado en la prictica del labo-
ratorio de microbiologia clinica y en los métodos
necesarios para la recuperacion e identificacion
de los agentes causantes de enfermedades infec-
ciosas. La presentacién se completa con la des-
cripcién de ensayos de susceptibilidad a agentes
antimicrobianos y los nuevos métodos de diag-
ndstico, basados en reacciones inmunoldgicas o
de hibridacién de dcidos nucleicos. Por su conte-
nido y exposicién ordenada resulta de utilidad, no
sélo para estudiantes, sino también como libro de
consulta en laboratorios de andlisis clinicos y en
los departamentos universitarios.

Ellibro constade 19 capitulos, el primero de
los cuales es una introduccion sobre la recogida y
procesamiento de muestras, métodos microbiol-
gicos rutinarios, ensayos presuntivos y normas de
seguridad. El tratamiento del aislamiento y diag-
néstico de los agentes infecciosos bacterianos se
hace considerando los medios de cultivo necesa-
rios y la caracterizacién por pruebas bioquimicas.
También se presentan los métodos de rastreo
rapido, los sistemas automdticos y semiauto-
mdticos y los “kits” de identificacion. Se descri-
ben las principales familias y géneros bacterianos
y las especies patdgenas mas comunes.

Gran parte del libro (capitulos 2 al 11), se
dedicaa las familias y géneros de bacterias Gram-
positivas y Gram-negativas, destacando las espe-
cies mas importantes de cada grupo.

El objetivo del libro es que el lector pueda
formarse una idea clara de las caracteristicas
clave que permitiran identificar los microorganis-
mos mas importantes recogidos en las muestras
clinicas. A este respecto, son de gran utilidad las
tablas y figuras que se incluyen en el texto en
relacién con los agentes flingicos y viricos cau-
santes de enfermedades infecciosas. Los autores
ya indican que el espacio dedicado a muchos
temas es mds reducido que el que se puede encon-
trar en manuales, enciclopedias y monograffas.
Porejemplo, sélo se dedica un capitulo a cada uno
de los siguientes temas: micoplasmas, hongos,
pardsitos y virus. Sin embargo, la principal obje-
cion que se puede hacer a los autores es no haber
actualizado la bibliografia que se ofrece en cada
capitulo, proporcionando asi una fuente de con-
sulta mucho mas til.

En conjunto, el texto proporciona a los
estudiantes y publico interesado lo esencial de la
informacién tradicional y reciente en diagnéstico
microbiolégico, en un solo volumen de facil
manejo.

Beatriz S. Méndez
Universidad de Buenos Aires, Argentina
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Micologia médica

J. M. Torres-Rodriguez, A. del Palacio
Hernanz, J. Guarro-Artigas, R. Negroni-
Briz, M. Pereiro-Miguens

Masson,S.A. 1993. Barcelona. 378 pdginas. Con

ilustraciones en colory en blanco y negro. ISBN
84-311-0632-8.

Las relaciones entre los hongos y los seres humanos
han ampliado considerablemente los limites de la
micologia clasica. Esta disciplina cientifica ha pasa-
do, de ser una ciencia descriptiva, a constituir una
ramadel saber que establece miiltiplesrelaciones, no
solo con oftras especialidades, sino con variados
aspectos de la cultura. Limitdndonos a la medicina,
de los lazos que se establecen entre ambas surge una
disciplina con nombre propio: lamicologia médica.
A ella corresponde el estudio de la microbiologia y
la toxicologfa micoldgicas, de la micotoxinologia,
delamicotoxicologia,delafarmacologiamicoldgica
(farmacos contra hongos y farmacos producidos a
partir de hongos) y de las alergias causadas por
hongos.

La micologia médica tiene, con esta obra, un
excelente compendio escrito originalmente en len-
gua castellana. Sus autores son investigadores perte-
necientes al grupo responsable de la Revista Ibero-
americana de Micologia, una de las mejores publica-
ciones en su género. Micologla médica es una obra
muy completa y actualizada, desarrollada con clari-
dad y de amena lectura. Puede decirse que todas las
enfermedades y trastornos que los hongos producen
en los humanos se analizan en el libro con rigor y
claridad. Es un texto integrado, si bien el peso recae
fundamentalmente en las infecciones fiingicas, sien-
do menor el espacio dedicado a las alergias o a las
micotoxicosis y micetismos. Pero ello es
comprensible —y asi lo reconocemos incluso los
que tenemos una clara predileccion por los temas
toxicoldgicos— por la mayor repercusién de los
estados infecciosos en la practica médica. Paradéji-
camente, los avances de la medicina han provocado
enfermedades iatrogénicas causadas por determina-

dos tratamientos médicos. Los enfermos sometidos
a inmunosupresion farmacoldgica por trasplantes y
los que padecen neutropenias severas por tratamien-
tos quimioterdpicos enérgicos son susceptibles de
sufrir infecciones por hongos, como también las
personas afectadas por el sindrome de inmuno-
deficiencia adquirida.

Micologia médica se estructura en ftres blo-
ques. El primero se inicia con una introduccién sobre
taxonomia, distribucién geografica de los hongos
patégenos, mecanismos de accion patdgena de los
hongos y clasificacion y nomenclatura delas micosis.
A unbreve, pero completo, capitulo sobre historiade
la micologia médica, siguen otros sobre material y
equipo necesarios en un laboratorio de micologia
médica, aspectos inmunolédgicos de las micosis hu-
manas y fArmacos para combatirlas. El segundo y
masextenso bloque (capitulos 6a33),sededicaalas
enfermedades infecciosas humanas causadas por
hongos, con apartados sobre definicion e historia de
las enfermedades, etiologia y ecologia,
epidemiologia, clinica, diagndstico, histopatologia,
prondstico y tratamiento. Los tltimos capitulos del
libro versan sobre micetismos, micotoxicosis, aler-
gias a hongos y hongos contaminantes. Un capitulo
final sobre terminologia micolégica, es muy ttil para
los no especialistas. Se incluye en cada capitulo una
seleccién actualizada de referencias.

Algo que confiere a Micologia médica un ca-
racter universal es que se hayan considerado précti-
camente todas las enfermedades conocidas que, de
unamanera u otra, son causadas por hongos de todos
los rincones del planeta. Algunos de los capitulos
podrian constituir por derecho propio temas de un
tratado de medicina tropical.

Cabe destacar la esmerada presentacion edito-
rial. Micologiamédica es el primer tratado en caste-
llano de su género dedicado al diagndstico y control
de las enfermedades humanas causadas por hongos,
escrito por destacados especialistas en la materia.

Josep Piqueras
Residencia Sanitaria Valle de Hebrén, Barcelona
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Normas para los autores

Microbiologia SEM (la revista cientifica de la Sociedad Espaiiola de Microbiologia, SEM) acepta articulos
y notas de investigacién originales dentro del campo de la microbiologia y, ocasionalmente, articulos de revisién.
Textos en inglés (preferentemente) o espafiol. La aceptacién corresponde al Consejo Editorial. S6lo se admitirdn
trabajos inéditos que no estén pendientes de publicacién en cualquier otra revista. Los originales publicados en
Microbiologia SEM podran ser reproducidos siempre que se indique su origen.

PRESENTACION DE LOS ORIGINALES. Los articulos estar4n escritos a méquina, a doble espacio, en
hojas UNE A-4 por una sola cara, numeradas correlativamente y con un amplio margen en la parte izquierda. No
deberén exceder de 16 paginas impresas, incluyendo tablas y figuras (lo que corresponde aproximadamente a 25
hojas mecanografiadas). Los articulos incluirdn una primera pagina en la que se indicard por este orden: Titulo del
articulo, nombre y apellido del autor o autores, centro en el que se ha realizado el trabajo y direccién completa del
mismo, asi como de tres a cinco “palabras clave.” En los articulos en espaiiol se deberd incluir una version inglesa
del titulo. Los articulos constardn de: Resimenes en inglés y en espafiol (de no maés de 250 palabras cada uno),
Introduccién, Materiales y métodos, Resultados, Discusidn, Agradecimientos y Bibliografia. Las secciones de
Resultados y Discusién se podrén juntar en una sola.

Las abreviaturas, simbolos y siglas deberdn seguir las recomendaciones de la Comisién JUPAC-IUB sobre
nomenclatura bioquimica. Deberd emplearse siempre el Sistema Internacional de Unidades (SI).

La bibliograffa serd citada en el texto mediante nimeros y se dispondrd numerada y en orden alfabético de
acuerdo con los ejemplos que se ofrecen a continuacién:

Miller, J. H. (1972). Experiments in Molecular Genetics. Cold Spring Harbor Laboratory, Cold Spring
Harbor, N. Y.

Seeberg, E., Nissez-Meyer, J., Strike, P. (1976). denV gene of bacteriophage T4 determines aDNA glycosilate
specific for pyrimidine dimers in DNA. J. Virol. 35, 790-797.

Tomasz, A. (1984). Building and breaking in the cell wall of bacteria - The role for autolysins. /n Nombela,
C. (ed.), Microbial Cell Wall Synthesis and Autolysis, pp. 3—-12. Elsevier Science Pub., Amsterdam.

Lasreferencias a tesis doctorales, originales no aceptados todavia o comunicaciones presentadas a congresos,
deben incluirse en el texto del articulo de acuerdo con los siguientes ejemplos: (Garcia, P. et al. 1985, en
preparacién), (Smith, T. 1985. Tesis doctoral University of Massachusetts, Amherst) o (Sudrez, A., Gonzélez, F.
1975. Res. V Congr. Nac. Microbiol., p. 1845).

Las fotografias, que deberdn estar preparadas para su reproduccidn directa, se limitaran a las estrictamente
necesarias para la comprension del trabajo y serdn de calidad suficiente para asegurar una buena reproduccién.
Deberan estar numeradas al dorso, indicando el apellido del primer autor a ldpiz. Los textos de las mismas irdn
mecanografiados a doble espacio y en hoja aparte. En los articulos en espafiol las figuras incluirdn asimismo un
texto en inglés. El tamaifio de las fotografias no excederd de 13 x 20 cm. Las dimensiones de los rétulos deberdn
ser las adecuadas para ser legibles en caso de que se reduzca la fotografia. La presentacidn de dibujos en tinta china
y papel vegetal seguird las mismas normas. No se admitirdn fotografias en color.

Las tablas se enviardn en hojas aparte, numeradas independientemente de las figuras, con nimeros ardbigos
y deberdn llevar el correspondiente titulo explicativo. Los autores deberan indicar a 1dpiz en el margen del texto
del la situacién aproximada en donde deben aparecer las tablas y figuras.

NOTAS. Las Notas, que no deberdn exceder de seis pdginas mecanografiadas incluyendo figuras y tablas,
tienen por objeto la presentacién de observaciones experimentales, descripcion de técnicas o modificaciones
metodolégicas de interés. Su redaccién se efectuard ateniéndose a las Normas previamente descritas para los
articulos, pero suprimiendo las divisiones con encabezamiento. Los resimenes no serdn superiores a 50 palabras.
Sélo incluirdn, como maximo, dos figuras y una tabla, o viceversa.

ARTICULOS DE REVISION. Los articulos de Revisién versardn sobre temas de microbiologia de gran
interés, y su redaccién se solicitard a especialistas. Sin embargo, si algiin autor estd interesado en publicar articulos
de Revisidn, éstos tendrdn que ser supervisados. Los originales deberdn comprender aproximadamente de 12 a 20
pédginas (incluidas figuras y tablas), mecanografiadas a doble espacio.

CORRECCION DE PRUEBAS. Los autores recibiran pruebas de imprenta, que deberan estar de vuelta en
la redaccién en el plazo de una semana. Transcurrido dicho plazo sin devolucién de las pruebas, éstas serdn
publicadas tal como han sido enviadas a los autores. Las correcciones se limitardn a errores tipogréficos,
gramaticales o de datos incorrectos. Modificaciones mds importantes que impliquen recomposicién del texto,
deberdn ser abonadas por los autores. Se enviardn 25 separatas gratuitas por articulo; si se desearan mds, deberd
indicarse por escrito cuando se devuelvan la pruebas corregidas. Las separatas adicionales serdn facturadas a precio
de coste.

El articulo, original y dos copias en papel, mds una copia en disco de ordenador, se enviard a la siguiente
direccién: Microbiologia SEM. Apartado 16009, 08080 Barcelona, o al miembro del Consejo Editorial de larevista
que esté mds relacionado con el contenido del articulo.
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Guidelines for authors

Microbiologia SEM (the official journal of the Spanish Society for Microbiology, SEM) publishes original
research articles, research notes and reviews covering all aspects of microbiology. All submissions should be
written in English (preferably) or Spanish. The decision to accept manuscripts is made by the Editorial Board.
Submission of an article to this journal is understood to imply that it has not previously been published and that
is not being considered for publication elsewhere. Consent is given for reproducing publication of this journal if
accredited as the source.

ORGANIZATION AND FORMAT OF THE MANUSCRIPTS. Type every portion of the manuscript
double-space with wide margin at the left on UNE A-4 format sheets. Only one side of the sheet should be used
and the pages should be numbered sequentially. Articles must be restricted to a maximum of 16 printed pages,
including figures and tables (this corresponds to approximately 25 typewritten pages).

The front page should include title, name(s) of the author(s), institution affiliation(s) and complete
address(es). Threeto five “key words” would also be included. Articles should be divided into: Abstracts in English
and in Spanish (not exceeding 250 words each), Introduction, Materials and methods, Results, Discussion,
Acknowledgments, and References. Results and Discussion can be combined.

Abbreviations and symbols should follow the recommendations of the IUPAC-IUB Commission and the
Systéme International d’ Unités (SI) is to be used throughout.

Cite eachlisted reference by numbers in the text. References should be numbered and arranged in alphabetical
order as indicated in the following examples:

Miller, J. H. (1972). Experiments in Molecular Genetics. Cold Spring Harbor Laboratory, Cold Spring
Harbor, N. Y.

Seeberg, E., Nissez-Meyer, J., Strike, P. (1976). denV gene of bacteriophage T4 determines aDNA glycosilate
specific for pyrimidine dimers in DNA. J. Virol. 35, 790-797.

Tomasz, A. (1984). Building and breaking in the cell wall of bacteria - The role for autolysins. /n Nombela,
C. (ed.), Microbial Cell Wall Synthesis and Autolysis, pp. 3—12. Elsevier Science Pub., Amsterdam.

References to thesis, manuscripts not yet accepted for publication or meetings should be indicated in the text
as follows: (Garcfia, P. et al. 1985, in preparation), (Smith, T. 1985. Ph. D. thesis, University of Massachusetts,
Ambherst) or (Sudrez, A., Gonzdlez, F. 1975. V Congr. Nac. Microbiol., p. 1845).

Only those photographs which are strictly necessary for the understanding of the article should be submitted.
Photoprints must be of sufficient quality to ensure good reproduction. They should be numbered on the back and
identified with the first author’s name written in pencil. Legends for line-drawings and photoprints must be typed
double-space on a separate sheet. The size of the photographs should not exceed the printing area (13 x 20 cm).
Allelements in the drawing should be prepared to withstand reductions. Drawings and line figures should be drawn
in black ink on tracing paper and should be prepared as indicated for the photographs. Colored illustrations are not
accepted.

Tables should be compiled on separate sheets with a descriptive title and numbered independently of the
figures using Arabic numerals. Please indicate with a soft pencil the approximate location of tables and figures in
the left margin of the pages of the manuscript.

NOTES. Notes should be restricted to 6 typewritten pages and are intended to present experimental
observations and descriptions of techniques or methodological changes of interest. They should be written
according to the guidelines given for articles, but without the heading divisions, and their abstracts should not
exceed 50 words. Figures and tables should be restricted to a maximum of 2 figures and 1 table or vice versa.

MINIREVIEWS. Minireviews articles should deal with microbiological subjects of broad interest. Specialists
will be called upon to write them. However, if some authors are interested in publishing minireviews, these will
be submitted for publication. They should not be longer than approx. 12 to 20 double-spaced typewritten pages,
including the space needed for figures and tables.

PROOFS CORRECTION. On acceptance of the article, galley proofs will be sent to the corresponding author
to check for typesetting accuracy. The corrected proofs should be duly returned within one week’s time. If delays
were observed, the proofs will be published as they have been sent. Broader changes implying recomposition of
the text will be at the author’s expense. Twenty five offprints of each article are supplied free of charge. Additional
reprints will be billed at cost price if requested upon returning the corrected galley proofs.

Articles must be submitted, original and two copies in paper, plus a diskette, to the following address:
Microbiologia SEM. Apartado 16009, 08080 Barcelona, Spain, or to one of the members of the Editorial Board
according to the discipline represented.
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