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Editorial”

Instituciones de apoyo a la microbiologia en Cuba

A principios de la década de1980, un grupo de cientificos de Estados Unidos y Cuba crearon el
NACSEX (Programa de Intercambio Cientifico Norteamericano—Cubano), cuyo objetivo, explicito
en el propio nombre, era establecer mecanismos de intercambio cientifico e informacién sobre el
desarrollo de la ciencia, especialmente biomédica, entre ambos paises. El programa, de cardcter no
gubernamental por parte de Estados Unidos, permitié que algunos de sus cientificos conocieran el
estado de la microbiologia en Cuba.

En 1981, con motivo de un programa sobre politica de investigacién publica, el Dr. Ernesto
Bravo, de la Facultad de Medicina de La Habana, visit6 la Boston University. Poco tiempo después
empezdbamos a organizar juntos el programa NACSEX. El Dr. Bravo, que habia emigrado desde
Argentina a Cuba, ha desempeflado un papel muy destacado en el establecimiento de programas de
investigacion biomédica y atencidn sanitaria, y también de politica cientifica, en Cuba. En el verano
de 1982, un grupo de cientificos de Massachusetts del drea de biomedicina organizaron, junto con
el Dr. Bravo, visitas periédicas a Cuba.

En 1983, varios investigadores y escritores cientificos de Estados Unidos pasaron una semana en
Cuba visitando la Universidad de La Habana y otros centros de investigacidn, invitados por la
Academia de Ciencias. Como presidente de la rama estadounidense de NACSEX, tuve oportunidad
de observar el desarrollo de las ciencias biomédicas y bioldgicas (incluida la microbiologia);
también pude seguir el desarrollo de la atencién sanitaria, y apreciar el quehacer de una comunidad
cientifica que se abria a las modernas investigaciones en biotecnologia. En 1984, en otro viaje a la
isla, se imparti6 un curso tedrico-practico sobre biologia molecular, al que asistieron investigadores

* Prosiguiendo con el andlisis de la situacidn cientifica en América Latina, en este nimero dedicamos el
editorial al desarrollo de la microbiologia en Cuba en los dltimos afios. Para ello hemos contado con la
inestimable colaboraciéon del Prof. Harlyn O. Halvorson (University of Massachusetts, en Dartmouth),
conocedor de primera mano del tema.
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jovenes y estudiantes de diferentes centros. Ese mismo afio, un grupo de microbiélogos de Estados
Unidos y Europa organizaron un curso sobre ecologia microbiana y evolucién de la vida, con trabajo
de campo incluido, que dio lugar a una publicacién conjunta entre los investigadores participantes.

El afio1985 nuevamente dos grupos del NACSEX, entre ellos escritores cientificos, asistieron al
Segundo Seminario Internacional sobre Biotecnologia e Interferén. Después, el Dr. Silva Rodriguez,
dnico cubano que consiguié visado de Estados Unidos, pasé tres meses en la University of
Massachusetts, en Amherst, aprendiendo técnicas de secuenciacién de acidos nucleicos con el
Dr. Robert Zimmerman.

Con alguna breve interrupcién por problemas administrativos, las visitas a Cuba promovidas por
NACSEX prosiguieron hasta junio de 1992. Durante el periodo de actividad de la organizacion,
aproximadamente ochenta investigadores y escritores cientificos impartieron conferencias, cursos
breves, seminarios y clases précticas sobre biologia molecular, oncologia, microbiologia,
biotecnologia, botdnica, ecologia y otras materias. Varios escritores cientificos publicaron diez
articulos sobre Cuba en revistas de Estados Unidos e Inglaterra. En materia de ciencia, durante la
década pasada, la tinica organizacién que ha ofrecido una via de intercambio entre Estados Unidos
y Cuba ha sido NACSEX.

Instituciones cientificas de Cuba que realizan investigaciones en microbiologia

En 1994 y en el curso de uno de mis viaje a Cuba, visité detenidamente diversas instituciones
cientificas. De la detallada memoria que realicé posteriormente, he extractado la informacién que
sigue sobre los centros existentes en las diversas dreas y la actividad que se lleva a cabo en ellos. Sin
duda, son muchas las dificultades, pero también es cierto que existe una comunidad cientifica en la
que cada vez son mds los jévenes que se preparan y participan en su desarrollo, del cual se saben
protagonistas. EI futuro de la ciencia en Cuba depende de ellos y del apoyo que la comunidad
cientifica internacional le preste, apoyo que, afortunadamente, se realiza desde bastantes paises.

La Academia de Ciencias de Cuba es el principal organismo financiador de la mayoria de centros
de investigacion. Otros son la Facultad de Medicina de La Habana y el Ministerio de Salud. La Dra.
Rosa E. Simeén Negrin, viréloga, es Presidenta de la Academia, que cuenta con un especialista en
cooperacién internacional cientifico-técnica. Las instituciones cientificas se organizan en cinco
Polos, que representan las regiones del pais.

El Centro Nacional de Investigacién Cientifica (CNIC), creado en 1965, constituye el pilar de la
investigacién basica. Sus investigadores han nutrido muchos de los institutos de mds reciente
creacion. Se organiza en diez Divisiones, que incluyen, entre otros, Productos Naturales, Quimica
Farmacéutica (sintesis quimica de drogas, transformaciones biolégicas, antibiéticos, fermentaciones),
Toxicologia, Servicios Analiticos, Neurociencia y Biologia (Biologia Molecular, Genética),
Enfermedades Infecciosas (vacunas contra el célera, vacunas BCG) y Botédnica. En todos los
departamentos se realiza ciencia basica. El CNIC publica unos 100 articulos anuales y envia
alrededor de 100 investigadores fuera del pais para realizar estancias de diferente duracién en
Francia, Inglaterra, Suiza, Espafia, México, Brasil y Chile. El estudio y control de una epidemia
virica (virus RNA) a gran escala, con sintomas neurolégicos y que afect6 a un nimero de entre 10.000
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y 20.000 personas, fue llevada a cabo por investigadores del Centro de Neurociencias. Sélo se tiene
noticia de una epidemia similar en Japén. La Organizacién Mundial de 1a Salud (OMS), y un equipo
de 15 cientificos del CDC (Centers for Disease Control, EE. UU.), participaron en la investigacion.
La epidemia fue detenida con suplementos vitaminicos. Los cubanos montaron 40 laboratorios con
140 personas (80 de la plantilla de investigadores) y disefiaron los instrumentos para el seguimiento
de la poblacién y poder controlar la epidemia. Este centro, que cuenta con un laboratorio de biologia
molecular, participa en el mapado del genoma humano y en el estudio de las bases moleculares de
la esquizofrenia.

El Centro de Ingenieria Genética y Biotecnologia (CIGB) se inauguré en 1986, bajo la direccién
del Dr. Manuel Limonta. Incorporé departamentos del CNIC y otras instituciones, entre ellos
Inmunologia, Biotecnologia y Farmacologia Industrial, Biotecnologia Animal y Vegetal, Divisién
Analitica, Division Clinica y la recientemente creada Divisién de Quimica Fisica. Su actual director
se ha formado en el Instituto de Proteinas de Osaka, en Jap6n. Se dispone de buen equipamiento para
secuenciar péptidos mediante espectroscopia de masas, microscopia electrénica y de barrido,
separacién de péptidos en geles y cromatografia de afinidad, modelado de proteinas y cinética
enzimdtica. Se desarrollan componentes de equipos de diagndstico —anticuerpos monoclonales,
proteinas recombinantes y péptidos sintéticos— para la validacion de sangre y productos sanguineos.
Sus productos clave incluyen interferones recombinantes y naturales, factor de crecimiento epidérmico
recombinante (rEGF), estreptoquinasa recombinante (para cuyo desarrollo Cuba obtuvo la primera
patente), y vacuna recombinante de la hepatitis B. Tuve la oportunidad de visitar la Divisién de
Biotecnologia Animal y Vegetal, donde se trabaja en los mecanismos de control de garrapatas de
ganado, se estudia el uso de organismos transgénicos para controlar la expresiéon de la glandula
mamaria y la embriogénesis temprana en animales pequefos, y se investiga en la manipulacién del
crecimiento en organismos acuaticos.

En 1994, la Academia de Ciencias inaugur6 el Instituto de Oceanografia, que estd bajo la
direccién del Dr. Mariano Bellota. Distribuidos en dos centros, tiene una plantilla de 90 trabajadores
entre técnicos, doctores, estudiantes de doctorado y demds personal. Dispone de los departamentos
de Farmacia, Electrofisiologia, y Aislamiento y Purificacién. Se estudian 74 especies de organismos
marinos, a la bisqueda de toxinas (especialmente neurotoxinas de canales de K y Na) en ratones y
cangrejos, compuestos antivirales y proteasas. Los estudios se realizan en colaboracién con el
Instituto de Medicina Tropical, y con la Facultad de Quimica para las determinaciones estructurales.
Otros proyectos incluyen la obtencién de antihepéticos, pigmentos, compuestos antitumorales,
emulsionantes de bacterias y acuicultura (ostricultura y piscicultura).

En 1991 se creé el Instituto de Vacunas Finley —nombre del cientifico cubano descubridor del
agente causante de la fiebre amarilla—. Incluye cuatro lineas de produccidn (tres bacterianas y una
virica) y las dreas de actuacién son: a) centro de referencia de control de calidad sobre la hepatitis
B; b) diagnéstico especial de Neisseria para comprobar la eficacia de su vacuna en paises del tercer
mundo; ¢) vacunas del célera, meningococo miultiple, BCG, DPT, antirrdbica, antitifoidea oral y
sida. Se estdn produciendo vacunas para el tétanos, difteria, sarampién, BCG recombinante y
leptospira celular completa.

El Centro Nacional de Bioproductos comenzé a funcionar en 1992. Situado a unos 60 quilémetros
de LaHabana, ocupa 11,6 hectareas. Bajo ladireccién del Dr. Silva Rodriguez, el centro trabaja sobre
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a) fabricacién de vacunas, medios de cultivo y equipos de diagnéstico a escala industrial;
b) desarrollo de procesos biotecnolégicos a gran escala; y ¢) formacién y perfeccionamiento de
investigadores.

El Instituto de Medicina Tropical tiene una larga historia. Fundado en 1937 por el Dr. Flori, un
virélogo del Departamento de Parasitologia de 1a Facultad de Medicina, particip6 en la década de los
cuarenta en programas de colaboracién con América Latina y Estados Unidos a través de la Cornell
Medical School. El hospital trata enfermedades infecciosas, parasiticas y sida. Los casos positivos
de HIV detectados en Cuba han sido 1.017, de ellos, 250 con sida, 1a mitad de los cuales han fallecido.
El centro cuenta con cuatro plantas para microbiologia y tres para parasitologia. Se imparten
enseflanzas en niveles universitario y de postgrado. Con ayuda de Unesco se imparten cursos cortos
del programa "Pan American Health". El Centro recibe financiacién del gobierno cubano, OMS,
gobierno francés y fundaciones interesadas en las enfermedades tropicales. Se han disefiado cuatro
equipos: a) antigenos toxopldsmicos para sida, ») ELISA fosfolipaticas de humanos y ganado,
c) deteccién de proteasas en amebas, toxoplasma, y d) deteccién del dengue.

Los estudios sobre anticuerpos monoclonales empezaron en Cuba en 1982, en el Instituto
Nacional de Oncologfa y Radiobiologia (INOR). El trabajo con anticuerpos anti-linfocitos T (CD6)
llevo a ensayos clinicos de anticuerpos t3 (anti CD3), usados en inmunosupresién en transplantes de
organos. Estos datos se obtuvieron en 1989 y al afio siguiente se decidié la construccién de un edificio
que albergaria el Centro de Inmunologia Molecular (CIMAB); el edificio fue finalizado en 1994. La
investigacion se centra sobre nuevos anticuerpos monoclonales, purificacion de antigenos y andlisis.
Disponen de instalaciones para la preparacién de medios, control de calidad, estabulario, biblioteca
y unidades de cultivos a gran escala, todo ello con un excelente equipamiento suizo. El disefio de
ingenieria se realizé en Cuba y es muy impresionante. Ademds, se estdn preparando equipos de
diagnéstico, incluyendo ELISA, para deteccién en suero o excrementos. Cabe destacar que todos los
centros visitados cumplen las normas OMS y FDA (Food and Drug Administration, EE. UU.) en
materia de control y seguridad a todos los niveles.

Todo lo expuesto, observado en los diversos viajes alaisla de Cuba por el autor, daidea del interés
en el desarrollo de la ciencia y en la formacién profesional de sus investigadores que muestran los
cubanos. Sin duda, es algo que, mas alld de consideraciones politicas, merece atencién, interés y
respeto por parte de toda la comunidad cientifica.

Harlyn O. Halvorson*
University of Massachussetts, Dartmouth
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Redaccién Microbiologia SEM
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Summary

Numerous antimicrobial agents have been developed which act at the molecular, cellular, and
organismal levels. However, few have been developed which act at the community-level. This results
largely from the failure of Darwinian selection theory to envision communities as units of proliferation
and evolution. Itis thus difficult to conceive of microbial communities as causative agents and to develop
antimicrobials which are effective against them. Consequently, we find it necessary to consider a more
comprehensive biological paradigm which envisions biofilm communities and other microbial associa-
tions (e.g. mixed infections, food spoilage, tooth decay) as units of existence, activity, ecology,
proliferation, survival, and evolution. These communities exist in the same sense that organisms exist as
units of ecological activity. This is a simpler, more comprehensive, and more unifying theory of ecology.
It is simpler in that it no longer requires convoluted explanations of altruistic behavior in terms of
individual selection. It is more comprehensive by not constraining evolution to the selection of any single
level of biological organization (genes, races, lineages, or groups). It unifies in that it bridges the
boundaries between microbial ecology, evolutionary ecology and ecosystem ecology. The basis for this
theory lies in recognizing that life consists of various forms of information (order) which evolve not only
through genetic recombination and mutation, but also through the recombination of organisms within
communities (as well as other mechanisms, some of which are considered beyond the realm of biology).
It also involves setting aside the concept of evolution through selection and competition, in favor of
evolution through proliferation and association.

Key words: Darwinian selection theory, proliferation theory, community theory, Gaia, autopoiesis
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Resumen

Hasta el presente, se han desarrollado muchos agentes antimicrobianos que actdan a los
niveles molecular, celular y del organismo. Sin embargo, se han producido muy pocos que
actden a nivel de comunidad. Esto es consecuencia, en gran parte, de la incapacidad de la teoria
de la seleccién natural darviniana para considerar las comunidades como unidades de prolife-
racién y evolucién. Por ello, es dificil imaginar las comunidades microbianas como entidades
causativas y desarrollar agentes antimicrobianos que sean efectivos contra ellas. En conse-
cuencia, se hace necesario ampliar el paradigma microbiolégico, que considera las comunida-
des de los biofilmes y otras asociaciones microbianas (p. ej. infecciones mixtas, degradacién
de alimentos, caries) como unidades de existencia, actividad, proliferacién, supervivencia y
evolucidn. Tales comunidades existen en el mismo sentido en que los organismos son unidades
de actividad ecoldgica. Esta teorfa ecoldgica es mds simple, mds comprehensiva y mds
unificadora. Es mds simple porque ya no necesita explicaciones rebuscadas de un comporta-
miento altruista de los individuos. Es mds exhaustiva porque no limita la evolucién a la
seleccién de un unico nivel de organizacién biolégica (genes, razas, linajes o grupos). Y mds
unificadora, porque difumina las fronteras existentes entre la ecologia microbiana, la ecologia
evolutiva y la ecologia de ecosistemas. La base de esta teoria reside en reconocer que la vida
comprende varias maneras de informacién (orden), que evolucionan no sélo a través de la
recombinacién genética y de la mutacién, sino también a través de la recombinacién de los
organismos dentro de las comunidades (asi como de otros mecanismos, algunos de los cuales
se considera actualmente que estdn méas alld de los limites de la biologia). La nueva teoria se
aparta del concepto de evolucién a través de la selecciéon y competencia y escoge la idea de que
la evolucién se produce mediante la proliferacién y la asociacidn.

Introduction formative stages of evolving and proliferating

not only as individuals but also as networks of

Bacteria proliferate and evolve as consortia,
bioaggregates, biofilms and other biological net-
works in which the synergisms between associ-
ated organisms determine the success or failure
of the entire association (12, 13, 14, 15, 17, 18,
19, 20, 21) as opposed to the success of solitary
individuals. Some of these have evolved to be-
come eukaryotic cells, each containing several
prokaryotic lineages (1, 39, 40, 41, 42, 43, 44).
This new perception of life and evolution raises
the question of whether bacteria are unique in
transcending Darwinian selection theory (22,
31), or whether eukaryotes might also be in the

organisms (13, 14). This includes a wide range
of associations from lichens and Ophrydium
versatile communities (25) to the possibility of
establishing ecosystems on Mars (45, 46).
Community-level bacterial processes include
biodegradation, gingivitis, calculus formation,
tooth decay, denitrification, methanogenesis,
biofouling, food spoilage, natural fermentations,
biologically mediated corrosion, wastewater
treatment, composting, sulfate reduction, and
other processes. In these situations, a solitary
species is not optimal and a consortium or com-
munity is required (14). If these organisms pro-
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liferate more effectively in association, then it
would be logical to study them as intact associa-
tions in the laboratory.. However, for the past
century microbiologists have been guided pri-
marily by Koch’s postulates and the germ theory
(32, 33). This requires that causative relation-
ships be determined exclusively through the study
of pure cultures and precludes the possibility of
culturing communities and consortia under con-
trolled laboratory conditions. This concept has
served the needs of microbiologists for more
than a century and was most succinctly stated by
Brefeld in 1881 (3): “Work with impure cultures
yields nothing but nonsense”.

However, if a bacterial community functions
as a causative agent, it is also the community
which succeeds or fails and survives or perishes
as a consequence of the network of interactions
among the organisms within it. Thus devising
antimicrobial systems which are effective against
pure cultures (at the cellular level) is no guaran-
tee that they will be equally effective against
biofilm communities (at the community level)
(13, 15, 20, 21). In this situation one member of
the community may be protected by the rest
through exopolymer production or other
synergisms, and this leads to false positive re-
sults in the testing of antimicrobial agents.

Under these circumstances an organism is
susceptible to an antimicrobial agent when tested
in isolation. However, the same organism is
resistant when protected by other members of its
normal community.

A false negative result can occur if the agent
being tested is functional at the community level,
and acts to inhibit the mechanisms of interaction
between synergistic organisms (blocking
chemoreceptors, inhibiting motility, etc.), as
opposed to being able to inhibit the growth of
organisms cultivated in isolation. Consequently,
when establishing cause and effect relationships

and testing antimicrobial agents, it is often neces-
sary to use communities as units of laboratory
study if community-level mechanisms are in-
volved.

Many technical barriers to the study of mi-
crobial communities have been removed due to
advances in microscopy, fluorescent molecular
probes, and genetic engineering. Community
culture methods have been developed (10,12,
50, 51, 52) and criteria have been established to
determine when communities have been suc-
cessfully cultivated as opposed to the cultivation
of mixed cultures and enrichments (15). Using
scanning confocal laser microscopy (SCLM) and
fluorescent molecular probes; the growth, bio-
chemistry, genetics, metabolism, and behavior
of microorganisms can often be studied non-
destructively, without uncoupling an organism
from its community and microenvironment (7, 8,
9, 14, 20). Communities are cultured by provid-
ing a well-defined steady-state microenviron-
ment. This allows individual organisms to or-
ganize into communities that are ultimately de-
fined by their environment (12, 57). Emigration,
immigration, and succession replace streaking
and aseptic technique when subculturing these
associations (along with their predators and par-
asites). Thus community culture has become a
necessary step in studying communities as func-
tional systems (12, 15), just as pure culture
(organismal culture) is used to understand or-
ganisms as functional systems.

Cultivation of bacterial communities

Community cultures are unlike enrichments,
or pure cultures. They are self-organizing net-
works, with member populations that are adapt-
ed to coaggregate, survive, and proliferate as a
unit. They are the consequence of specific be-
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FIG. 1. A benzoic acid versus phenol gradient showing two bacterial biofilm communities and the ecotone between them

(white dots).

havioral mechanisms (23, 34, 35,37, 38) involv-
ing chemotaxis, motility, chemoreceptors,
exopolymer production, phagocytosis, etc. These
community cultures are products of their envi-
ronment. Thus they are defined by defining the
environment, rather than by using aseptic tech-
nique to isolate one organism from others. The
controlled environment allows development of
an autopoietic network of individuals that opti-
mizes conversion of the abiotic to the biotic (14).
Confirming that a community culture has been
successfully obtained requires that criteria of
communality, synergy, autopoiesis, and home-
ostasis have been satisfied (15). Isolation of
communities under defined laboratory condi-
tions also requires that community inputs and
outputs be maintained to prevent the depletion of

substrates and the accumulation of toxic end-
products or intermediates (11).

Fulfilling the criterion of communality re-
quires that the culture be grown along an envi-
ronmental gradient, as shown in Fig. 1, to deter-
mine whether an ecotone (a sharp inflection in
community composition) occurs at some point
along the length of the gradient. Ecotones con-
firm the existence of communities, and define
their range as well as the boundaries between
them (5, 6). The presence of an ecotone indicates
that the community culture contains an interac-
tive network of interdependent organisms. If
each of the organisms in the culture were com-
pletely independent, then each would respond to
the gradient individually at a unique location
along the gradient, rather than responding in
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unison at the ecotone. However, if two or more
of the organisms represent an interactive net-
work, then they respond together at a single
location. Thus the existence of an ecotone con-
firms that the community is not simply a mixture
of unrelated organisms, but an interactive net-
work that must go through a reorganizational
transition to a new set of interrelationships while
responding to changing environmental condi-
tions. Wolfaardt et al. (58, 59, 60, 61) have
shown that in some cases degradative communi-
ties contain several consortia each of which
might go through a distinct ecological shift at a
unique location along a spatial or temporal envi-
ronmental gradient.

Meeting the criterion of synergy requires that
community members function more effectively
in association than individually. This can be
confirmed by comparing the performance of
organisms grown alone and in association.
Synergy can take many forms. These include; an
increase in the collective cell yield for the asso-
ciation as opposed to its isolated members, a
decrease in the half-saturation constant, an in-
crease the rate of proliferation, an increase in
habitat range, etc. Fulfilling the criterion of
autopoiesis requires that the culture be defined
by its physical environment rather than aseptic
technique. This also requires that it be capable of
forming spontaneously under septic conditions.

Fulfilling the criterion of homeostasis re-
quires that the community be equally resilient
when challenged by pure cultures which are
foreign to the association or when challenged by
changes in the ambient physical environment.

Enrichment theory versus community
theory

Enrichment culture is used primarily as a
method of isolating bacteria with specific phys-

iological capabilities (28). Enrichment culture
provides the specialized conditions often re-
quired to isolate organisms with a specific type
of physiology or behavior. For example, the
lack of fixed nitrogen in an enrichment medi-
um leads to the proliferation of organisms which
are capable of nitrogen fixation. Once these
organisms have become numerically dominant,
they can then be isolated on streak plates, pour
plates, or in dilution tubes. Each of these isola-
tion techniques relies primarily upon dilution to
obtain an effective separation. The primary ob-
jective of enrichment culture is not to preserve or
obtain diversity, but to decrease it as much as
possible by favoring the organism which is to be
isolated. As stated by Beijerinck in 1901 (2):

“Because of our very imperfect understand-
ing of the environmental requirements of the
majority of microbes, it is impossible in most
enrichment culture experiments to go further
than to bring about a relative increase in the
numbers of a desired form without leading to a
complete disappearance of the other species
present. Often this partial enrichment only oc-
curs at a particular stage of the experiment,
whereas earlier and later other forms predomi-
nate. Because of this, enrichment culture experi-
ments can be called “perfect” or “imperfect”. In
a perfect experiment a single species is isolated
in all its varieties.”

It is thus often assumed that the product of
evolution in a defined environment should be a
pure culture. However, it is clear from numerous
continuous culture experiments that microor-
ganisms tend to diversify when placed in a con-
stant environment over a prolonged period (4,
16,24,26,27,48,49, 55). Decreases in diversity
occur only as a transient phase during the early
stages of colonization when rapidly growing
organisms have the opportunity to colonize be-
fore a community network has yet become or-
ganized and established. Consequently, the ob-
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jective of enrichment culture is usually to reduce
diversity within a culture, while the objective of
community culture is to sustain or increase di-
versity.

Proliferation theory

Proliferation theory (13, 14, 15) postulates
that biological organization arises through
the association of evolving systems, as well as
through the mutation and genetic recombina-
tion of these systems. Higher levels of order
thus gradually emerge from lower levels as
shown in Fig. 2. Evolving systems at lower
levels of the hierarchy associate and result in
the formation of more complex systems. Sys-
tems which evolve at higher levels of organi-
zation thus originate through the adaptation
of individual systems as they proliferate, as
well as through the association of evolving
systems from lower levels of organization. As
stated previously (14):

“The proliferation hypothesis involves the
assumption that organisms proliferate more
effectively by adapting through genetic muta-
tion and genetic recombination. However, it
also assumes that self-replicating molecules
sometimes proliferate more effectively if they
associate and then propagate as macromol-
ecules (through covalent and ionic bonding),
that self-replicating macromolecules some-
times proliferate more effectively if they as-
sociate and then propagate as prokaryotic cells
(through formation of cell membranes and
walls), that prokaryotic cells sometimes pro-
liferate more effectively if they associate and
then propagate as eukaryotic organisms
(through endosymbioses and attachment), that
both prokaryotic and eukaryotic organisms
sometimes proliferate more effectively if they

associate and then propagate as communities
(through behavioral adaptations), and that
communities sometimes proliferate more ef-
fectively if they then associate to form eco-
systems and the biosphere as a whole”.

There is little possibility of a single ordered
subsystem evolving in isolation from the rest
through a process of gradual adaptation as cur-
rently envisioned by contemporary selection the-
orists (31). The distribution and abundance of
life in its totality, is a form of order which links
all of life together as a single, evolving, hierar-
chical system irrespective of the relative im-
portance of the various subordinate levels of
organization which occur within. However,
simple evolving systems must originate first
before they can then associate to form more
complicated systems which can then also
evolve simultaneously along with their subor-
dinate levels of organization (14). This im-
plies that there must be a chronology involved,
and that the simplest forms of life are more
likely to have had a longer period to associate
and then evolve at higher levels of organiza-
tion (the community and ecosystem level).
Thus itis possible that plants and animals may
not have developed obvious community-level
mechanisms of survival and reproduction.
They may still be in the formative stages of
developing these mechanisms. It is not that
these mechanisms do not exist or are inactive,
it is simply that they have not yet had time to
be fully expressed. Consequently, the evi-
dence for such systems of organization may
not yet be as easy to discern for plant and
animal communities as they are for microbial
communities.

Community theory is thus a special case of
proliferation theory and communities are only
one of many ordered systems capable of pro-
liferating by creating localized decreases in
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Evolving Molecules

association and increased collective proliferation through:
covalent, ionic, and hydrogen bonding
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Evolving Macromolecules

association and increased collective proliferation through:
formation of cell membranes and walls

\
Evolving Cells

association and increased collective proliferation through:
coaggregation and endosymbiosis

\/

Evolving Organisms

association and increased collective proliferation through:
behavioral adaptation

Evolving Communities

association and increased collective proliferation through:
behavioral adaptaton and shared environmental boundarie

Evolving Ecosystems

association and increased collective proliferation
(regrowth following die backs) through:
behavioral adaptations and shared planetary boundaries

Evolving Biosphere

FIG. 2. Life as an evolving hierarchy of nested information systems. The evolution of information in these systems
proceeds not only through the evolution of isolated systems (individuals) but also through the association of evolving
systems to form composite systems which then evolve as independent units, which may themselves associate yet again to
form another level in the hierarchy. Evolution is not restricted to any one level of this hierarchy and the evolution of the
subcomponents within this hierarchy also constitutes evolution of the hierarchy of life as a whole. This is due to the common
planetary boundary shared by all life forms. The importance of a common boundary in evolution (the membrane of a cell,
the cortex of a lichen, the basin of a lake, etc.) is that spatial positioning of systems within defined boundaries constitutes
a form of information and order which evolves in the same sense that the genetic code evolves. Boundaries also tend to link
the collective success or failure of the subsystems enclosed within, but this is not their only role in the evolutionary process.



354 CALDWELL, COSTERTON

MicrosioLoGia SEM

entropy at the expensive of their physical
environment. Bacteria have had 3.5 billion
years to develop community-level associa-
tions as compared to 0.4 billion for vertebrate
animals. Consequently, microbial systems are
more amenable to the formulation of testable
community-level hypotheses than are plant and
animal communities.

Proliferation theory is shown in Fig. 3 where
it has been illustrated as a Forrester diagram.
Isolated systems (units A, B, and C) evolve by
undergoing genetic mutation or recombina-
tion and increasing their probability of prolif-
eration as individual systems (units A’, B’,
and C’). They may alternatively undergo mu-
tation or recombination resulting in associa-

tion with one or more other systems to form a
composite system (unit ABC) which itself is
then capable of undergoing a mutation or re-
combination event which may occur within
one of the ABC subunits, but that affects the
reproductive success of the composite as a
whole rather than affecting only the subunit
carrying the gene.

Natural selection as a theory of bacterial
ecology and evolution

The driving force in ecology is the evolution
of information systems that optimize conversion
of the abiotic to the biotic. This is a question of

O

UNIT ABC' UNIT ABC

mut recomb ABC'

mut recomb A'

mut recomb B'

unit A unit A’
mut recomb A

unit B unit B'
mut recomb B

unit C unit C'

O

mut recomb C'

mut recomb C

FIG. 3. A Forrester diagram of proliferation theory. Each of the boxes represents a self-replicating, evolving unit (clay
minerals, genes, plasmids, cells, communities, ecosystems etc.) which is capable of proliferating. Each unit may evolve by
undergoing a genetic recombination or mutation event that improves the system’s probability of proliferation. Each unit may
also evolve by undergoing a genetic change that results in the association of two or more systems to form a composite which
then increases the composite’s probability of successful proliferation.
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the proliferation of life as a whole, as well as the
occurrence and proliferation of specific indi-
viduals. These information systems include re-
productive strategies (evolving concepts) that
arise simultaneously at all the levels of biologi-
cal organization. Consequently, life must be con-
ceived as an evolving hierarchy of nested sys-
tems. It is not plausible to consider the evolution
of one level of organization while denying the
evolution of the other elements.

There is no question that Darwin’s theory of
natural selection can be used to explain the
diversity of life at the organismal level (species).
However, proliferation theory is simpler and
more comprehensive. It explains not only the
diversity of species but also the diversity of
plasmids, genes, communities, ecosystems, hu-
man thought and language, as well as digital and
other forms of evolving information. Thus ac-
cording to the law of frugality (Ockham’s razor),
proliferation theory should be used preferen-
tially if bacterial communities and other systems
of organization are to be adequately studied and
understood.

Conclusions

Most evolutionary theorists base their under-
standing of ecology on the assumption that natu-
ral selection results in an optimal strategy for the
reproductive success of individual organisms
and that biological complexity at other levels of
organization (genes, plasmids, communities,
ecosystems, and the biosphere) is a coincidental
by product of this individual selection process
(22, 31). This assumption has been completely
rejected by some (14) and in part by others (29,
30, 40, 43, 44, 56). For many, the species con-
cept itself is inadequate to understand and for-

mulate hypotheses concerning the origin and
nature of life (43, 47, 53, 54).

Confocal laser microscopy, fluorescent mo-
lecular probes and digital image analysis (8, 12,
36) provide the opportunity to focus on alterna-
tive hypotheses which are readily amenable to
direct experimental testing using cultured mi-
crobial communities (10, 12, 15). Thus it is no
longer necessary to rely primarily on descriptive
studies and historical data (the fossil record,
genetic sequences, and studies of natural com-
munities) to resolve theoretical questions relat-
ing to ecology and evolution. The repercussions
of these advances in knowledge will be pro-
found. Darwin’s theory of evolution through
natural selection has become an integral part of
western culture and language, as well as its
political, economic, social, and educational in-
stitutions.
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Summary

Conventional strain improvement programs based on random mutagenesis and rational screening
have meant valuable results to the antibiotic producing companies. The development of recombinant
DNA techniques and their applications to the industrially-used cephalosporin-producing fungus
Acremonium chrysogenum has provided a new tool, complementary to classical mutation, promoting
the design of alternative biosynthetic pathways making it possible to obtain new antibiotics and to
improve cephalosporin production. Yield increases have been achieved by increasing the dosage of
the biosynthetic genes cefEF (deacetoxycephalosporin C expandase/hydroxylase) and cefG
(deacetylcephalosporin C acetyltransferase) or enhancing the oxygen uptake by expressing a
bacterial oxygen-binding heme protein (Vitreoscilla hemoglobin). New biosynthetic capacities such
as the production of 7-aminocephalosporanic acid (7-ACA) or penicillin G have been achieved
through the expression of the foreign genes dao (p-amino acid oxidase) coupled with cephalosporin
acylase or penDE(acyl-CoA:6-APA acyltransferase) respectively. Confined manipulation of the
above-mentioned recombinant strains must be performed according to standing rules.

Key words: Acremonium chrysogenum, 7-aminocephalosporanic acid (7-ACA), penicillin,
strain improvement, hemoglobin
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Resumen

Los programas de mejora de cepas basados tradicionalmente en mutacién al azar y seleccién
racional de mutantes han proporcionado valiosos resultados a las compaiifas productoras de
antibidticos. El desarrollo de las técnicas de DNA recombinante y su aplicacién en Acremonium
chrysogenum, hongo utilizado industrialmente para la produccién de cefalosporina, ha permitido
disponer de una nueva herramienta, complementaria de la mutacion clasica, que ha hecho posible
disefiar rutas biosintéticas alternativas, con la consiguiente sintesis de nuevos antibiéticos y el
incremento de la capacidad de produccidn de cefalosporina. Una gran mejora en la productividad se
ha conseguido mediante el aumento de la dosis génica de los genes biosintéticos cefEF (desacetoxi-
cefalosporina C expandasa/hidroxilasa) y cefG (desacetilcefalosporina C acetiltransferasa), o
aumentando la disponibilidad de oxigeno gracias a la expresién de una hemoglobina bacteriana
procedente de Vitreoscilla. La capacidad de biosintetizar 4cido 7-aminocefalosporanico (7-ACA) o
penicilina G se ha conseguido mediante la expresion heter6loga del gen dao (p-aminodcido oxidasa)
acoplado con cefalosporina acilasa o del gen penDE (acil-CoA:6-APA aciltransferasa) respectiva-
mente. La utilizacién confinada de las cepas recombinantes mencionadas anteriormente debe

realizarse de acuerdo con la normativa vigente.

Introduction

Antibiotics, as secondary metabolites, are
produced through multistep biosynthetic path-
ways, starting from intermediates of primary
metabolism to specific moieties. The component
moieties of secondary metabolites, activated as
adenylated, phosphorylated or CoA derivatives,
are finally linked to form the final products.
Biosynthetic steps are catalysed by specific en-
zymes for each antibiotic (38).

Strain improvement by random mutation and
screening has proven to be a rewarded process
over the past decades. This essential part of the
traditional programs of the improvement of an-
tibiotic production, has allowed to block unde-
sired enzymatic activities, remove negative reg-
ulations, increase gene dosage, etc. Strains to
produce new antibiotic can be selected to cover
specific purposes: to increase antibiotic produc-
tion, to use unexpensive raw materials, to mod-
ify cell morphology, to control temperature and

oxygen needs, etc. A classical example of this
strategy is the production of penicillin by the
fungus Penicillium chrysogenum: penicillin
yield has been increased more than two orders of
magnitude from the 1950s to present time.

The use of recombinant DNA techniques,
available from the 70s, is expanding the oppor-
tunities for human profit of living resources. The
application of genetics to industrial production
processes focuses in obtaining new products and
in a more efficient manufacturing of those al-
ready established. Reports on the cloning of
antibiotic biosynthetic genes from industrially
exploited fungi were first published in the mid-
1980s, and the first use of recombinant DNA to
improve an industrial antibiotic production in
1989 (52).

This article offers an overview of the applica-
tions of recombinant DNA technology to the
improvement of Acremonium chrysogenum
strains used in the industrial production of ce-
phalosporin.
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Cephalosporin biosynthesis

Cephalosporins are chemically characterized
by a cephem nucleus in which a B-lactam ring is
fused to a dihydrothiazine ring. Their biosyn-
thetic pathway (Fig. 1) has been subject of de-
tailed study over the last 20 years, but many
aspects of the reactions carried out by the differ-
entbiosynthetic enzymes remain still obscure.
B-lactam antibiotics come from the tripeptide
8-(L-a-aminoadipyl)-L-cysteinyl-p-valine (ACV)
synthesized from the amino acids L-a-aminoadipic
acid, L-cysteine and L-valine by the enzymatic
activity ACV synthetase (ACVS). Pioneer stud-
ies proved the presence of ACVS activity in
crude cell-free extracts of A. chrysogenum (3),
and afterwards this enzyme was purified and
characterized fromA. chrysogenum (2), Aspergil-
lus nidulans (56) and Streptomyces clavuligerus
(31). ACVS catalyzes the ATP-dependent acti-
vation of each L-amino acid precursor, the bind-
ing of the activated amino acids as thioesters, the
epimerization of L-valine to p-valine and finally
the two sequential transpeptidation reactions
giving ACV (56).

ACViscyclized by the isopenicillin N synthase
(IPNS) to form isopenicillin N (IPN), an inter-
mediate that has an L-0-aminoadipyl side chain
attached to the 6-aminopenicillanic (6-APA)
nucleus and shows weak antibiotic activity.
6-APA is structured by a B-lactam fused to a
thiazolidine ring. This reaction was first ob-
served in cell-free extracts of P. chrysogenum
(16); later on, the IPNS activity was described
and the enzyme purified from A. chrysogenum
(42), P. chrysogenum (44), S. clavuligerus (29),
Nocardia lactamdurans (7), etc. Because its
broad substrate specificity, IPNS has been used
for the synthesis of new penicillins from ACV
analogs (58).

IPN is transformed to penicillin N by the
isopenicillin N epimerase (IPNE), which isomer-

izes the L-o-aminoadipy! side chain to the D
configuration. This enzyme was first described
in cell-free preparations of A. chrysogenum (32),
and highly labile activity was observed (27).
However, the corresponding enzymes from
S. clavuligerus (28) and N. lactamdurans (34)
resulted more stable.

In A. chrysogenum, penicillin N is trans-
formed into deacetylcephalosporin C (DAC) by
the bifunctional enzyme deacetoxycephalosporin
C synthase/hydroxylase (so-called expandase/
hydroxylase) (49). This enzyme first converts
the five-membered thiazolidine ring of the pen-
icillin N into the six-membered dihydrothiazine
ring of cephalosporins, to form deacetoxycepha-
losporin C (DAOC), and then hydroxylates
DAOC rendering DAC. Both enzymatic activi-
ties are located in a single proteininA. chrysoge-
num (15), while in actinomycetes there are two
separate enzymes (10, 30).

Acetylation of DAC to form cephalosporin C
is the final reaction in cephalosporin producing
fungi (17). Cephalosporin C can be degraded to
DAC by acetylhydrolase activity present in
A. chrysogenum (23).

Cephalosporin biosynthetic genes

As proposed by Ingolia and Queener (24), the
common genes to the penicillin and cephalosporin
biosynthetic pathways are named pcb, the genes
that are only involved in penicillin biosynthesis
are named pen, whereas those only involved in
cephalosporin biosynthesis are named cef.

The pcbAB gene encoding ACVS has been
characterized from several filamentous fungi,
including P. chrysogenum (14, 55), A. chrysoge-
num (20) and Aspergillus nidulans (37). The
transcription direction of the above mentioned
pcbAB genes is opposite to that of the pchC gene.
In contrast, studies achieved in S. clavuligerus,
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N. lactamdurans, Flavobacterium sp. and Lyso-
bacter lactamgenus YK90 indicate that, in bac-
teria, the direction of transcription of the pcbAB
and pcbC genes is the same (38). ACVS contains
three domains with conserved amino acid se-
quences that are homologous to enzymes in-
volved in ATP-mediated amino acid activation.
The existence of three amino acid activating
domains in the ACV synthetases is consistent
with the organization in tyrocidine synthetase IT
and III, which activate 3 and 6 amino acids
respectively during tyrocidine biosynthesis.
IPNS activity is present in a polypeptide
encoded by the pcbC gene. This gene was first
cloned from A. chrysogenum and expressed in
E. coli, where it produced an enzyme with the
same kinetics and substrate specificity of the
fungal enzyme (46). The pcbC genes of several
other microorganisms which produce B-lactam
antibiotics have been cloned and characterized:
P. chrysogenum (4, 6), A. nidulans (43, 57),
Streptomyces clavuligerus (35), Streptomyces
lipmanii (50, 57), Streptomyces griseus (18),
Streptomyces jumonjinensis (50), Flavobacteri-
um sp. (50), N. lactamdurans (8), etc. The sim-
ilarity found between the IPNS from actinomyc-
etes and fungi suggests a close evolutive rela-
tionship. It has been proposed that the genes
encoding enzymes involved in -lactam biosyn-
thesis evolved first in Streptomyces, or other
bacteria, being later transferred to filamentous
fungi (6, 43, 57). All known IPNS enzymes,
except that of N. lactamdurans, contain two
conserved cysteine residues (8). Mutated A. chry-
sogenum IPNS lacking the cysteine-106 showed
a 5% specific activity as compared to the enzyme
derived from the native gene and the K, value
increased five-fold. However, the mutation in
the cysteine-225 produced only a small decrease
of enzyme activity (47). This second cysteine
corresponds to the cysteine absent in the
N. lactamdurans enzyme. The recently described

crystal structure of IPNS will allow in-depth
investigations on its catalytic mechanisms (45).

Amino terminal sequence of the purified IPNE
was used to clone the cefD gene from S. cla-
vuligerus. The gene was located immediately
upstream of the cefE gene, and both are ex-
pressed from the same transcript (33). The cefD
genes from S. lipmanii (54) and N. lactamdurans
(9) have also been characterized, and show broad
identity between them. Nevertheless, the puta-
tive cefD gene of A. chrysogenum has not been
identified yet. The cefEF gene encodes DAOC
synthase/hydroxylase in A. chrysogenum, a
36,460 Da bifunctional protein that includes
both expandase and hydroxylase enzymatic ac-
tivities (48). In S. clavuligerus and N. lactam-
durans cefE and cefF are individual genes cod-
ing for separate enzymes (38). Comparison of
the cefE and cefEF genes showed close identity,
which supports the hypothesis that the A. chrys-
ogenum cefEF gene has been originated by fu-
sion of separate primordial genes arised in Strep-
tomyces. In S. clavuligerus, genes pcbAB, pcbC,
cefE and cefF are physically linked in the ge-
nome, whereas in A. chrysogenum, the genes
encoding the first two enzymes of the cepha-
losporin biosynthetic pathway (pcbAB and pcbC)
are clustered in chromosome VI, and the genes
coding for the enzymes that catalyze the three
final steps of the pathway (cefEF and cefG) are
clustered in chromosome II (53).

cefG gene encoding DAC acetyltransferase
is linked to the cefEF gene in A. chrysogenum,
and is expressed in opposite orientation (21).
The expression level of the cefG gene in
A. chrysogenum is clearly smaller than that of
the cefEF gene (38, 39).

Cephalosporinyield increase in A. chrysogenum

The first recombinant DNA improvement of
a high producing industrial strain was described
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by Eli Lilly researchers on A. chrysogenum (52).
The approach involved: (i) identification of sig-
nificant accumulation of an intermediate (peni-
cillin N) by the highly productive strain, (ii)
isolation of the enzyme (expandase/hydroxyla-
se) that acts on that intermediate, (iii) cloning of
the corresponding gene (cefEF), (iv) introduc-
tion of a stably maintained copy of the gene into
the genome of the high producing strain, and (v)
sc;eening of a small number of transformants for
improved conversion of the accumulated inter-
mediate and cephalosporin overproduction.
During industrial scale cultivation, A. chrys-
ogenum strain 394-4 was observed to repetitive-
ly accumulate a substantial quantity of penicil-
lin N in the broth. Data from HPLC analysis of
33 fed-batch stirred cultivations were collected,
finding a ratio of penicillin N to IPN of about 5
to 1, and a molar ratio of penicillin N to cepha-
losporin C of 0.3. These results suggested that
expandase/hydroxylase activity encoded in cefEF
gene should be the limiting step in cepha-
losporin C synthesis in the strain 394-4. To test
this hypothesis, plasmid pPS56 was constructed
for the introduction of one or more extra copies
of cefEF gene in strain 394-4. The plasmid
included the hygromycin phosphotransferase
gene, as a dominant selection marker confer-
ring hygromycin B resistance, and the cefEF
gene in a 7 kb BamHI genomic DNA fragment.
Using previously described conditions (51),
pPS56 was used to generate hygromycin B re-
sistant transformants of A. chrysogenum. After
verification of hygromycin B resistance, 30 trans-
formants were selected for laboratory scale test-
ing of cephalosporin C and penicillin N produc-
tion. Five of these transformants ranged between
20 and 39% of cephalosporin C yield improve-
ment in shaked flasks. In every transformant
with cephalosporin C improved titer, the amount
of penicillin N in the medium was reduced in
comparison with the untransformed recipient strain.

The highest producing transformant, strain
LU4-79-6, was selected for expandase/hydroxy-
lase enzymatic level analysis, showing a near
two-fold increase in the specific activity of this
enzyme. Southern analysis of this transformant
strain showed the presence of a single heterolo-
gous integration event. Stability of the trans-
forming DNA was observed after laboratory
scale and pilot plant cultivations without selec-
tive pressure as could be expected for chromo-
somal integration. The 15% increase of cepha-
losporin C production at pilot scale was accom-
panied by an equivalent reduction of the penicil-
lin N accumulated with regard to the untrans-
formed recipient strain. Eli Lilly scientists re-
marked that this 15% improvement was found by
screening the first 8 isolates produced by genetic
transformation of the highly developed strain,
whereas no improved strains were found among
tens of thousands of nitrosoguanidine- and UV-
treated derivatives of the same production strain.

Nevertheless, posterior cloning of the cefG
gene (21) showed that it was linked to the cefEF
gene and included in the 7 kb BamHI fragment
used in the above mentioned transformations.
This point raised the possibility that the effects
observed in the transformants were probably due
to the enhanced expression of the cefG gene, as
its expression has been reported to be limiting in
A. chrysogenum (39).

Industrial scale cultivation of the strain
LU4-79-6 was examined and approved by the
National Institutes of Health following recom-
mendation of its Recombinant DNA Advisory
Committee.

Penicillin G production by A. chrysogenum
P. chrysogenum and other penicillin-produc-

ing fungi exchange the o.-aminoadipyl side chain
of IPN for aromatic acids, such as phenylacetic or



VoL. 12, 1996

PRODUCTION OF CEPHALOSPORIN 365

phenoxyacetic acids, by means of the isopenicil-
lin N acyltransferase activity (AAT) (1), encod-
ed by the penDEgene (5), following the biosyn-
thesis of penicillin G or V respectively (see
Fig. 1) (36). A. chrysogenum and other cepha-
losporin producers lack AAT activity, and no
DNA sequence homologous to the penDE gene
of P. chrysogenum was found in their genome.
Filamentous fungi produce either penicillins or
cephalosporins; however, none of the known
B-lactam producers is able to synthesize both
types of antibiotics.

The heterologous expression in A. chrysoge-
num of the penDE gene of P. chrysogenum caused
simultaneous production of benzylpenicillin
(penicillin G) and cephalosporin C in phenylac-
etate fed cultivation of the recombinant strains
(19). Northern analysis of the transformants re-
vealed a single 1.15 kb band indistinguishable in
size from the original transcript of P. chrysoge-
num. This result suggested that the gene should
be expressed in A. chrysogenum from its own
promoter, since the transcription signals and
expression motifs appear to be conserved in
filamentous fungi. Furthermore, the three in-
trons of the P. chrysogenum penDE gene were
properly processed by A. chrysogenum. The 40
kDa pre-AAT encoded by the penDE gene is
post-translationally processed in P. chrysoge-
num giving rise to two (11.5 and 28.5 kDa)
polypeptides. Itis not established if this process-
ing also occurs in A. chrysogenum.

The branching of the biosynthetic pathway to
penicillin G and cephalosporin C at the IPN step
resulted in a reduced level of cephalosporin C
accumulated, but approximately ‘the same total
production of B-lactam. The relative amounts of
each antibiotic were determined by the specific
activities and substrate affinities of the two com-
peting enzymes IPNE and AAT. A. chrysogenum
strains accumulating penicillin N may favor pen-
icillin production in this fungus, since.penicillin

N seems to be in balance with IPN. Inactivation
of the IPNE or expandase/hydroxylase activities
in AAT expressing strains of A. chrysogenum
might result in penicillin overproduction. An-
other possible industrial application of these
transformants could be the adipyl-cephalosporin
production (11), which would simplify the enzy-
matic production of 7-aminocephalosporanic acid
(7-ACA).

7-aminocephalosporanic acid production by
A. chrysogenum

7-aminocephalosporanic acid (7-ACA) has a
great industrial interest for the preparation of
clinically important semisynthetic cepha-
losporins, and has traditionally been produced
by complex chemical methods which imply the
use of organic solvents. The development of an
alternate enzymatic procedure, performed in
water, is a major goal of the pharmaceutical
companies. A two-step enzymatic procedure (Fig.
2) has been proposed (25), which involves the
conversion of cephalosporin C to 7-B-(5-car-
boxy-5-oxopentanamido)-cephalosporanic acid
(keto-AD-7-ACA) by the activity D-amino acid
oxidase (DAO). The keto-AD-7-ACA reacts
nonenzymatically with the hydrogen peroxide
coproduced in the above reaction to give 7-B-(4-
carboxybutanamido)-cephalosporanic acid, also
named glutaryl-7-ACA (GL-7-ACA). GL-7-
ACA, keto-AD-7-ACA and cephalosporin C are
hydrolyzed at different rates to 7-ACA by cepha-
losporin acylase activity (12, 40).

In a posterior report Isogai and coworkers from
Fujisawa Pharmaceutical Company (26) described
the construction in A. chrysogenum of a 7-ACA
biosynthetic gene cluster, consisting of the genes
encoding the enzymatic activities DAO from Fusar-
ium solaniM-0718 and cephalosporin acylase from
Pseudomonas diminuta V22. Both genes were
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FIG. 2. Enzymatic synthesis of 7-ACA from
cephalosporin C using the two-step enzymatic procedure
involving D-amino acid oxidase (DAO) and cephalosporin
acylase (GL-7-ACA acylase). Ketoadipyl-7-ACA reacts
nonenzymatically with the hydrogen peroxide coproduced
in the preceding reaction, giving glutaryl-7-ACA.

cloned under transcriptional control sequences of
A. chrysogenum alkaline protease gene together
with the hygromycin B resistance marker, and the

resulting plasmid pHDV11 was introduced in the
high cephalosporin-producing strain A. chrysoge-
numBC2116. Transformant strains expressing this
7-ACA biosynthetic pathway produced about 150
mg/ml of 7-ACA and no GL-7-ACA, but two side-
products were detected: 7-aminodeacetylcepha-
losporanic acid (7-ADACA) and 7-aminodeace-
toxycephalosporanic (7-ADCA). 7-ADACA and
7-ADCA have probably been synthesized from
DAC and DAOC respectively, two intermediate
compounds in the biosynthetic pathway of cepha-
losporin C.

Although the cephalosporin C to 7-ACA con-
version yield of pHDV11 transformants resulted
commercially insignificant (1.7%), and there was a
25% reduction in the cephalosporin C titer, this
represents the first report of 7-ACA microbial
production and proves the feasibility of introduc-
ing new biosynthetic capabilities into industrial
microorganisms by combining fungal and bacte-
rial genes. Yield decrease could be related with the
use of the B-lactamase gene as bacterial selection
marker in pHDV 11, as low level gratuitous expres-
sion of acloned 3-lactamase gene in Saccharomyces
cerevisiae transformants has been observed (52).

Improvement of oxygen availability and
cephalosporin production in A. chrysoge-
num

Cephalosporin C biosynthesis is regulated by
environmental factors including nutrients or
oxygen availability. A. chrysogenum cultivation
under low-oxygen conditions severely reduces
the overall rate of cephalosporin C synthesis,
possibly affecting the biosynthetic oxidation re-
actions of the pathway: ACV cyclization, thia-
zolidine ring expansion and DAOC hydroxyla-
tion, leading to the accumulation of penicillin N
in stirred tank reactor (22). The development of
technologies which improve the aerobic metab-
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olism of the fungus should have a positive effect
on cephalosporin C production.

Intracellular expression of a heme-binding
protein (hemoglobin) from the gliding bacteri-
um Vitreoscilla, a member of the Beggiatoa
group, in several industrial antibiotic-producing
microorganisms, resulted in improvements prob-
ably originated by the increment of the oxygen
flux to the respiratory apparatus. Expression of
this hemoglobin in A. chrysogenum under the
control of the TR1 promoter of Trichoderma
reseii originated recombinant strains that pro-
duced significantly higher yields of cepha-
losporin C than the untransformed parental strain
(13). Using standard cultivation programs, two
selected transformants produced 4.0 g/l cepha-
losporin C, significant productivity increase over
the untransformed strains (1-2 g/l). Reduced
aeration conditions resulted in this transform-
ants in 5-fold higher cephalosporin C levels than
the parental strain (3.0 g/l vs. 0.6 g/l).

Northern analysis of the overproducing trans-
formants revealed a poor level of hemoglobin
transcript when compared with highly expressed
genes as cefEF. Their expression under the con-
trol of stronger transcriptional promoters as well
as the replacement of unfrequent fungal codons
might increase its efficacy.

Future prospects

DNA fragments including regulatory and/or
structural genes that affect the biosynthesis of -
lactam antibiotics constitute a suitable source of
information that can be applied to strain im-
provement and to the design of new antibiotics.
Expression studies of cis-regulating promoter
sequences of cephalosporin biosynthesis genes
will provide additional information about possi-
ble bottlenecks in the pathway.

In this way, Menne and coworkers (41) per-

formed studies with the bidirectional pcbAB-
pcbC promoter region from A. chrysogenum,
using reporter gene fusions, concluding that the
pcbC promoter is at least five times stronger than
pcbAB gene promoter. These results address a
new direction in cephalosporin yield improve-
ment by the increase of pchAB gene expression.

Genetically manipulated organisms (GMOs)
so obtained must be wisely handled in order to
prevent adverse effects to both human health and
the environment. The European Union direc-
tives 90/219/CEE (confined manipulation) and
90/220/CEE (field release) regulate the GMOs
utilization. In Spain, the law 15/1994 (BOE 4
June 1994) rules the confined manipulation, field
release and commercialisation of GMOs in order
to prevent human health and environmental risks.
The potential of genetic engineering is great and
it must be safely exploited for the benefit of both
humans and the environment.
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Summary

Saccharomyces cerevisiae industrial yeast strains are highly heterogeneous. These industrial
strains, including bakers’, wine, brewing and distillers’, have been compared with respect to their
DNA content, number and size of chromosomes, homologies between their genes and those of
laboratory strains, and restriction fragment lengths of their mitDNA. A high variability, and the
presence of multigenic families, were observed in some industrial yeast groups. The occurrence or
the lack of chromosomal polymorphism, as well as the presence of multiple copies of some genes,
could be related to a selective process occurring under specific industrial conditions. This polymor-
phism is generated by reorganization events, that take place mainly during meiosis and are mediated
by repetitive Y’ and Ty elements. These elements give rise to ectopic and asymmetric recombination
and to gene conversion. The polymorphism displayed by the mitDNA could also result from specific
industrial conditions. However, in enological strains the selective process is masked by the
mutagenic effect that ethanol exerts on this DNA.

Key words: Saccharomyces cerevisiae, electrophoretic karyotype, chromosomal polymorphism,
mitDNA polymorphism, industrial yeast

Resumen

Las cepas industriales de Saccharomyces cerevisiae son muy heterogéneas. Cuando estas cepas
de utilizacién en la industria alimentaria (produccién de pan, vino, cervezay destileria) se comparan,
en cuanto al contenido en DNA, al nimero y tamaiio de los cromosomas, a las homologias de genes
con las cepas de laboratorio y a la longitud de los fragmentos de restriccién del DNA mitocondrial,
se observa una gran variabilidad, asi{ como la presencia de familias multigénicas en s6lo algunos
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grupos industriales de levaduras. La presencia o ausencia de polimorfismo cromosdémico, y la

presencia de copias multiples de algunos genes, podrian estar relacionadas con un proceso de

seleccién en condiciones industriales especificas. El polimorfismo se genera por reorganizaciones

producidas fundamentalmente durante la meiosis y mediadas por elementos repetitivos Y’ y Ty, que

originanrecombinaciones asimétricas y ectopicas y fenémenos de conversion génica. El polimorfismo

del DNA mitocondrial también podria responder a condiciones industriales concretas, aunque en

cepas enoldgicas el proceso selectivo se ve enmascarado por el efecto mutagénico que el etanol

ejerce especificamente en este DNA.

Introduction

Yeast are unicellular fungi which usually
grow and divide asexually by budding. Although
defined as unicellular, yeast can in fact be a
phase of the life cycle of a filamentous fungus
(5). Taxonomically, they are grouped under dif-
ferent genera of ascomycetes, basidiomycetes
and deuteromycetes. This diversity indicates
that “yeast” is a morphological structure which
has been favorably selected and which has re-
currently appeared throughout evolution. In fact,
there are yeast with sexual and asexual cycles,
very distinct metabolisms and even with chro-
mosome numbers that range from 3 to more than
20 (ref. 5). Even within a given species such as
Saccharomyces cerevisiae, great variations
among different strains are observed with re-
gards to their metabolic and molecular charac-
teristics, e.g., chromosome number. Some of
these characteristics could reflect the artificial
selection exerted by mankind on specific indus-
trial yeast groups through history.

Characteristics of industrial yeast

Traditional applications of industrial yeast
include the formation of important products, the
result of specific fermentation carried out by
strains of S. cerevisiae. These strains share
common features such as efficient sugar utiliza-

tion, high ethanol tolerance and production, aro-
ma and flavor formation, high yield and fermen-
tation rate, and genetic stability (8, 38). In addi-
tion, each industrial group possesses other spe-
cific properties, such as the capacity to utilize
trisaccharides, dextrins and starch (distillers’
yeast), flocculating capacity (brewers’ yeast),
low H,S production (wine yeast), high glycolyt-
ic potential, capacity to ferment maltose and
resistance to storage, freezing and desiccation
(bakers’ yeast), etc. (6, 8, 38). In spite of this
diversity, all the industrial processes could be
divided according to two main goals. Maximal
biomass/substrate yield (Y ) (2), which is the
first goal, (i.e., bakers’ yeast biomass forma-

x/s:

tion), require very specific conditions. The sec-
ond goal is the optimization of the product/
substrate yield (Y
In this review, we will discuss the mechanisms

p/S) (2) (i.e., wine production).
responsible for the heterogeneity found in the
different groups of industrial yeast strains. We
will also try to relate this heterogeneity to different
selective mechanisms, mainly those that aim at
either maximal Y 4 OF Yp,s, according to specific
industrial conditions

With regards to the first goal, let us take, as
an example, bakers’ yeast which are cultivated
in molasses, where the main carbon source is
sucrose (34). This is a fermentable sugar hydro-
lyzed by the enzyme invertase into glucose and
fructose (38). However, the production of bak-
ers’ yeast biomass takes place by a scale up
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process under strong aerobic conditions and lim-
ited addition of substrate (38). By maintaining
low substrate concentrations, yeast metabolism
is oxidative and biomass production is maximal
(glucose at low concentrations does not exert
catabolic repression on respiration) (38). Condi-
tions therefore favor good functional mitochon-
dria, even if the carbon source is fermentable.

In the second case, maximal ethanol forma-
tion is desirable. Therefore, the substrate is in
excess, and ethanol production is only limited by
the inhibitory effect of this compound on the
fermenting yeast (6, 10). Within a certain strain,
ethanol tolerance is an inheritable characteristic
genetically controlled (19). For this reason, ge-
netic improvement of wine yeast can be achieved
through the selection of those strains more etha-
nol tolerant and with the highest Yp,s values (8,
38). In addition to this efficiency in ethanol forma-
tion, in some cases, such as those of the elabora-
tion of Sherry wine, yeast (flor strains) are also
responsible for aging and are subjected to ex-
treme conditions. Ethanol concentration is over
16% and there is no fermentable sugar, so that
the metabolismis exclusively oxidative (9). These
conditions also favor the selection of strains
with good functional mitochondria.

Identification of industrial yeast

Traditionally, industrial yeast were charac-
terized according to morphological and metabol-
ic criteria such as capacities to ferment and/or
assimilate certain nitrogen and carbon sources,
variables easy to measure (5). These methods
allowed to differentiate genera and species, al-
though it was not possible to identify a strain
unequivocally. Interfertility followed the meta-
bolic criteria, with the inconvenience of the lack
of sexual cycles in most industrial yeast (5).
Recently, other variables are used, such as GC

content, percentage of hybridization DNA-DNA,
polymorphism in the length of the restriction
fragments after incubating purified DNA with
restrictases (RFLP), chromosome electrophore-
sis, polymorphism after hybridization with spe-
cific probes, etc. (38). These new procedures
allow unequivocally to identify a specific industri-
al strain, even in the absence of morphological or
biochemical indicators (industrial strains are poly-
ploids, lacking those markers which allow to radid-
ly identified a haploid strain) (38).

Electrophoretic karyotypes, which allow the
separation of individual chromosomes (12)
(Fig. 1), are particularly useful because most
industrial strains have their own characteristic
pattern (24). In combination with other tech-
niques, they allow to determine the number of
copies of a specific chromosome present in the
strain, the variations in the si'ze of homologous
chromosomes, as well as the presence of aneu-
ploidies, translocations, deletions, and so on (40).

The techniques to determine genomic consti-
tution are complemented with the analysis of
restriction fragments (RFLP) shown by mito-
chondrial DNA (mitDNA) (Fig. 2) (12). The
RFLP of mitDNA has been used successfully as
the best technique of individual characterization
in multipopulational processes such as wine elab-
oration, due to its efficiency, accessibility and
availability (34). This identification and control
has allowed researchers to establish the role that
a selected strain plays in the aroma, flavor, and
organoleptic characteristics of wine as compared
to the natural microbiota during the vinification
process (34).

Variability of the industrial yeast nuclear
genomes

DNA content. Some authors (1, 26, 33) have
reported great variations in the DNA content and
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FIG. 1. Electrophoretic profiles of laboratory and in-
dustrial yeast. Lanes 1 and 10: laboratory diploid strain
DS81.Lanes 2-8, bakers’ yeast: DADI (lane 2), VS (lane 3),
CT (lane 4), SB2 (lane 5), SB11 (lane 6), V1 (lane 7), and V2
(lane 8). Lane 9, wine strain: IFI256. (See ref.12.)

the chromosome number of different industrial
yeast, and have suggested that these variations
may respond to specific industrial environments.
However, when comparing simultaneously dif-
ferent industrial yeast groups, i.e., bakers’, dis-
tillers’, brewers’ and wine strains, similar vari-
ations in DNA content have been found among
yeast from the same group (i.e., bakers’) and
those from different groups (i.e., bakers’ vs.
brewers’) (13, and A. C. Codén, unpublished).
This indicates that, at least, the DNA content
does not reflect specific adaptation to industrial
environments.

Electrophoretic karyotype. The polymor-
phism found in the electrophoretic karyotype
patterns of the chromosomes from yeast strains
belonging to different industrial groups, is very
high (30). Whereas a standard haploid laborato-
ry strain of S. cerevisiae (or its isogenic diploid)
displays 15 bands corresponding to 16 chromo-
somes (ref. 15) (Fig. 1), great variations have
been found in industrial yeast, both in the number
and size of the chromosomes, resulting in varia-
tions both in the number and position of the
chromosomal bands (Fig. 1) (12, 13). These
differences in the number of chromosomal bands

is mostly the result of homologous chromo-
somes of different size. Polymorphism is so high
that nearly each industrial yeast strain can be
identified unequivocally by its specific chromo-
somal pattern (Table 1 and Fig. 1) (12). These
differences in size and number of chromosomal
bands have been displayed by yeast strains from
either the same (i.e., bakers’ yeast) (Fig. 1) (12)
or different industrial groups (10). This indi-
cates that global changes in the number and size
of the chromosomes do not reflect selection to
specific environments either.

Chromosomal polymorphism has been de-
scribed in all cases to be higher in industrial
yeast than in laboratory strains (30). Further-
more, whereas the literature concerning chro-
mosomal polymorphism of brewers’, bakers’ or
distillers’ yeast is very scarce (13), that of wine
yeast is more abundant and in all cases, a fairly
high chromosomal polymorphism among these
strains has been reported (39, 40). Exceptional-
ly, when flor yeast have been analyzed, an al-
most unique standard chromosomal pattern has
been found (27) (more than 85% of the strains
analyzed displayed the standard pattern). Flor
yeast are gathered in four races of S. cerevisiae,
and all the four showed this standard pattern
(27). It was indicated above that the conditions
under which flor yeast grow and survive are very
extreme, with ethanol concentrations over 16%
and a total absence of fermentable carbon source.
It is therefore expected that these selective con-
ditions have propitiated a unique chromosomal
pattern, the same for all the flor yeast, and differ-
ent from those of other industrial or laboratory
yeast (27). Alternatively, it has been suggested
that, in the absence of recombination, a popula-
tion becomes monomorphic (36). Some authors
supported this suggestion by describing sexual
isolation of wine yeast which stopped them from
mixing their taxonomical features (37). In a
similar way, flor yeast do not sporulate under
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FIG. 2. Mitochondrial DNA restriction analysis with three restriction endonucleases, Rsal, Hinfl and Alul. Lanes 1 and
12: size markers, in kb, which correspond to a mixture of lambda phage DNA fragments, obtained with HindIlI and EcoRI.
Lanes 2-8, bakers’ yeast: DADI (lane 2), VS (lane 3), CT (lane 4), SB2 (lane 5), SB11 (lane 6), Vi(lane 7), and V2
(lane 8). Lane 9: laboratory diploid strain DS81. Lanes 10 and 11: wine strains ACA21 (lane10) and ACA22 (lane 11).

(See ref.12.)

any tested condition (27); thus recombination
processes are very restricted, and this would
explain the single chromosomal pattern shown
by these strains.

Chromosomal location of specific genes.
To identify the different chromosomes specifi-
cally, they are usually hybridized, once they
have been separated by pulse-field electrophore-
sis, with probes corresponding to genes which
are known to be present once in the genome (11,
30). The chromosome of the industrial yeast,
bakers’, brewers’, distillers’ and wine strains,
have hybridized in all cases with probes from
laboratory strain genes, thus indicating that the
DNA homology with these genes is very high
(13, 30). Chromosome location is also the same
in both laboratory and industrial yeast. Hybrid-
ization with several bands, near to each other,
seemed to confirm the existence of several ho-
mologous chromosomes of different size (13).
Exceptionally, the fact that multiple bands hy-
bridized with the gene probe has clearly indicat-
ed translocation to other chromosomes (i.e., CUP
gene) (11, 12, 30).

When comparing brewers’ and wine yeast
with laboratory strains, other authors (24) have

found both interchromosomal (translocations)
and intrachromosomal (deletions, duplications,
inversions) reorganization, as well as a pair of
homologous chromosomes, one of them having
high homology with the corresponding chromo-
some of the laboratory strain, whereas the other
homologous had none (23). This homology has
been such that, after hybridizing brewers’ and
laboratory strains (33), one chromosome was
able to complement auxotrophic markers of its
homeologous (homologous chromosomes from
different species), but there was no recombina-
tion between them (33).

If, as suggested (1, 38), polymorphism of
industrial yeast chromosomes reflects selection
under specific environmental conditions, in bak-
ers’ yeast, the procedure for biomass production
would favor any chromosomal reorganization
which resulted in an increase in the growth rate.
In fact, if there is a limited addition of the
substrate (molasses), amplification of the SUC
gene which codes for invertase would resultin a
more efficient utilization of the sucrose (38).
When hybridization of the SUC gene probe and
chromosomal bands of industrial strains was
carried out (11, 26), in bakers’ strains, SUC gene
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seemed to be amplified and translocated to sev-  in molasses with S. cerevisiae strains, biomass
eral chromosomes, as judged by the many bands  production increased by adding fungal invertase
which hybridize with the probe (11, 31) (Table to the culture medium (32), indicating that the
1). This phenomenon occurring in just bakers’  capacity to hydrolyze sucrose is the limiting step
and distillers’ yeast could therefore be interpret-  for growth and productivity.
ed as an adaptive mechanism in specific indus-
trial environments. In fact, some wine strains
(which in their natural environments ferment Chromosomal reorganization as a source of
glucose and other fermentable sugars but not  variability
sucrose) have a single band (12) (or even no
detectable band able to hybridize with the SUC Chromosomal reorganization is a natural
probe, these yeast being totally unable to metabo-  phenomenon in the life cycle of many organ-
lize sucrose) (7, 18, 28). isms, and, in some cases, it is part of their
The reasons in favor of amplification of the  development pattern (3). As an example, we
SUC gene to be a true adaptive mechanism are ~ may consider the de novo telomere formation in
the following: (i) When measuring invertase of  S. cerevisiae, the reposition of the surface anti-
numerous bakers’ yeast strains as an average, gen genes in Trypanosoma, the mating type
this activity is 11-fold or above that of labora-  switch in fungi, the fragmentation of the chro-
tory strains. Distillers’ yeast also have about mosomes occurring in the somatic nucleus of
11-fold the activity of the laboratory strains. ciliate or, in higher eukaryotes, chromosome
Wine yeast have an increase of only 2-fold reorganization of the immunoglobuline genes
(A.C.Codon, unpublished). (ii) When grownin (3, 22, 25, 26). Besides, there are other non-
molasses, laboratory strains reduced their growth ~ programmed genome reorganizations which in-
rate by 80%, as compared to that in laboratory  clude deletions, translocations etc., of amazing
media; wine yeast did so by 45% (18) or 30%  consequences, such as dramatic changes in the
(28). Bakers’ yeast, however, grew at a higher  viability of the meiotic products of a strain het-
growthrate in molasses than in laboratory media  erozygous for one of these reorganization. Apart
(12). (iii) Other authors found that, during growth ~ from changes in chromosome structure (size),

TABLE 1. Characteristics of some industrial yeast groups and the environment were they are ususally isolated

Origin of the strains CP  mitDNA TY SPO MI INV SucC ETH
Laboratory yeast (control) + NR +++ +H++ +/— + + +/-
Bakers’ yeast ++++ +/— ++++ + ++++ ++++ ++++ +/-

Brewers’ yeast + + ++ +/— NR ++ +++ ++

Distillers’ yeast +++ NR ++ +/— NR +++ +++ +++
Wine yeast ++ +++ + ++ ++ +/— +/— +++
Flor yeast +/- ++++ ++ +/- +/- +/- +/— e+

Columns: Variability of the chromosomal electrophoretic pattern (chromosomal polymorfism) (CP) and of the
restriction fragment length polymorphism of the mitochondrial DNA (mitDNA); frequency of Ty and Y’ repeat elements
(TY); frequency of sporulation and meiosis (SPO); variation of the chromosomal patterns at meiosis (meiotic instability)
(MI); copy number of SUC genes coding for invertase (INV); sucrose (SUC) and ethanol (ETH) concentration in their
environment.

Symbols: NR, not reported; ++++, very high; +++, high; ++, medium; +, low, +/—, very low or absent.
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there are also changes in chromosome number as
a consequence of lack of pairing and recombina-
tion of homeologous chromosomes (with low
homology), and non-disjunction at meiosis,
which results in an unequal distribution of the
chromosomes in the progeny, low viability and
aneuploidies in the surviving products (15, 22).

InS. cerevisiae, genomic reorganization takes
place via recombination, and this phenomenon
occurs between homologous sequences. There-
fore, the substrate for recombinations leading to
genome reorganization are repeat sequences
which, in yeast, are very scarce: telomeric and
subtelomeric Y’ and X regions, Ty transposable
elements and, to a lesser extent, lRNA and tRNA
genes (3, 22). The recombination frequency be-
tween Ty elements present in the same (allelic or
asymmetrical) or different (ectopic) chromo-
somes (Fig. 3) in diploid cells has been estimated
to be 1% in meiosis and 1077 in mitosis (26),
whereas the transposition frequency was of 10
to 107® per generation, in equilibrium with exci-
sions to maintain a stable copy number (26).
Those Ty elements of the same family (i.e., the
Ty1 family) are highly homologous. The reason
is that they become homozygous due to gene
conversion mechanisms (22), which take place
in addition to those described of transposition
and recombination. In fact, it seems that most
“recombination” events occurring between Ty
elements result in gene conversion.

The best characterized subtelomeric regions
are the X and Y’ regions, which possess replicat-
ing ARS origins (Fig. 3) and which appear re-
peated 4 to 5 times at the end of the chromo-
somes. Because of these tandem repetitions, there
are reports of genome reorganization at meiosis,
as a consequence of telomeric interactions, and
of mitotic recombinations between Y’ regions
giving to duplications, deletions and insertions
(Fig. 3) (3). The fact that some gene families
such as SUC, MAL, MEL, etc., are located at the

telomeric regions, made believe that it had fa-
vored genome reorganization of these genes, so
that they appear in a variable copy number ac-
cording to the strain (39). These gene families
are examples of non-lethal genomic reorganiza-
tion leading to chromosome polymorphism (39).

As indicated for the Ty elements, when the
Y’ sequences were analyzed, they displayed a
degree of homology superior to that expected for
independent evolution, and the reason has also
been attributed to allelic, asymmetrical or ectopic
recombination events which have resulted in
gene conversion (23). In addition, the Y’ ele-
ments possess replication origins, so that they
can exist as circular autoreplicative elements,
which can insert in any chromosomes which
possess any Y’ elements (Fig. 3) (22). When
there is a different copy number of the Y’ ele-
ments in two homologous chromosomes, recom-
bination between them resulted in unequal dis-
tribution of the Y’ elements and therefore in
changes in the size of the chromosomes involved
in the event (Fig. 4). The estimated frequencies
of recombination events are of 2 x 107 per
generation in mitosis, and 2% in meiosis (22, 24,
25, 26).

Molecular bases for the chromosomal
polymorphism found in industrial yeast

Both Ty transposable elements and Y’ subte-
lomeric regions have been described then to
contribute to chromosome reorganization and
therefore to introduce variability in chromo-
some size and number (Figs. 3 and 4) (3, 14, 23,
25, 26, 29). Thus, whereas hybridization with
gene probes represented once in the genome
allows to identify a specific chromosome, the
use of probes of Ty transposable elements (3, 41)
as well as subtelomeric Y’ regions, which have
multiple location in the yeast genome (23, 25),
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could render information about the degree of
polymorphism of industrial yeast.

Tyl and Ty2 are highly represented in most
industrial yeast, but these transposable elements
are more frequent in bakers’ than in the remain-
ing yeast groups (11). Different intensities of the
hybridization signals have been suggested to
result from amplification (whether in tandem or
not) of these elements in some chromosomes
(11). Furthermore, copy number of Ty elements
progressively diminished in laboratory yeast re-
spect to bakers’ strains, and in brewers’, distill-
ers’ and wine yeast respect to laboratory strains,
flor yeast being the group with the lowest Ty
copy number (Table 1) (11).

With regards to the subtelomeric Y’ regions
(30), great differences among industrial yeast
groups respect to the number of chromosomal
bands able to hybridize with these Y’ sequences
have been described (11), but again, they seemed
to be much less abundant in wine yeast (mostly
flor yeast) than in the other industrial groups
(33). Bakers’ strains have shown once more to be
the group whith the maximal hybridization, in
relation to both the number of chromosomal
bands able to hybridize and the intensity of
hybridization (Table 1) (11).

Consequences of meiosis on the polymor-
phism of industrial yeast

Hybridization of specific gene probes with
parental industrial yeast (bakers’ strains) and
their meiotic products (complete tetrads) have
sometimes indicated the correct distribution of
homologous chromosomes of different size in
the corresponding four meiotic products (13).
However, the appearance of new bands absent in
the parental, the total absence of chromosomal
bands of the parental in any of the meiotic prod-
ucts as well as bands which, being in the paren-
tal, segregate in a totally abnormal manner have
frequently been seen (A. C. Codén, unpublished).
These changes have been attributed to the many
copies of Ty and Y’ elements found in bakers’
strains (11). Reorganization at meiosis has been
observed both in all the tetrads of the same
bakers’ strains, and in all the bakers’ yeast ana-
lyzed; these reorganizations differ according to
the gene probe used and the specific tetrad ana-
lyzed (13). The fact that these reorganizations
seem to be limited to the meiotic period is partic-
ularly worth noticing, as judged for the repeti-
tive pattern found in the electrophoretic karyo-
type of these yeast when maintained for succes-

® lf»(% -

FIG. 3. Chromosomal reorganizations caused by Ty and Y’ repeat elements. 1: Allelic recombination, 2: intrachromosomal
recombination, 3: ectopic recombination, 4: recombination between tandem repeats, 5: asymmetrical recombination,

6: excision, 7: insertion.



VoL. 12, 1996

INDUSTRIAL YEAST 379

sive mitotic generations (12). If there seems to
be such a high frequency of reorganization at
meiosis, undergoing meiosis should have major
consequences for these industrial yeast. For in-
stance, the following:

Increase or appearance of aneuploidy. Most
industrial yeast analyzed have shown to be highly
polyploid and/or aneuploid (13, 27). To start
with, this aneuploidy could account for the lack
of complete tetrad formation (5to 10%) (11) and
viability of the meiotic products (0 to 10%) (11)
of those strains able to undergo meiosis and
sporulation. Tetrad analysis of genetic markers
such as auxotrophies, petite phenotype, ability
to sporulate and/or conjugate and so on, indi-
cates a very significant uneven distribution of
chromosome number among the meiotic prod-
ucts (13). The presence of several bands of dif-
ferent size in only some of the meiotic products
confirm the inheritance of unequal chromosome
copy number.

Increase of appearance of differences in
chromosome size. The presence of so many Ty
and Y’ repeat elements in bakers’ yeast (13)
introduce polymorphism in their chromosomal
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pattern. But this polymorphism of chromosome
number and size highly increases if the strain
undergoes meiosis. Comparisons have been made
only with complete tetrads (i.e. those that allow
the four meiotic products to survive), which
represents a small fraction of the total meiotic
processes. Incomplete tetrads probably showed
even more dramatic reorganization than those
where all the four meiotic products are viable.

How do the cells tolerate genome reorgani-
zation

Limitation of large reorganizations.
Whereas Ty and Y’ elements in laboratory strains
have undergone many reorganizations which
could have resulted in translocations, deletions,
insertions and so on, of chromosomal fragments,
most genes have not undergone such changes, so
that they are usually localized at specific posi-
tions in the chromosomes. The frequency of
gene conversion due to recombination between
Ty elements located at different chromosome
position, is only 2 X107, This suggests that there
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FIG. 4. Recombination occuring between two homologous chromosomes of different size (P1 and P2) results in four
meiotic products, two of the same size as the two parentals (P1 and P2) and two whose sizes differ from those of the parentals

(R1 and R2).
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are some mechanisms which repress ectopic ex-
changes. The reason for this could be that most
of the resulting recombinants are not viable.
However, there is at least one gene (EDRI,
presently TOP3) whichisknown to repress meiotic
recombination events in chromosomal regions
which are near a § element (23). On the contrary,
allelic recombination between Ty elements is nei-
ther repressed at meiosis nor at mitosis (23).

With regards to industrial yeast, the mitotic
stability shown by the repetitive pattern of the
electrophoretic karyotypes could be explained
by a similar process, so that ectopic recombina-
tion between repeat sequences could also be
repressed (23, 36). In addition and in contrast to
laboratory strains, meioses are very scarce in most
industrial yeast (brewers’, bakers’) and are practi-
cally absent in flor yeast (27). However, if meiosis
takes place, the reorganizations are numé;rous,
as if those mechanisms repressing ec'top‘icvrre—
combination in laboratory yeast were not present,
or did not function, in industrial yeast (17).

Reorganization of non-essential sequences.
Polymorphism in size and number of yeast chro-
mosomes is a common feature (so that these
variations within populations belonging to the
same species is the rule rather than the excep-
tion), from which the concept of “genome plas-
ticity” has been developéd. This concept refers
to spontaneous reorganization happening at a
very high frequencies without the phenomenon
seriously affecting strain fitness, as if the possi-
bilities of adaptation of the strains to specific
environments were very high (1).

In addition, when analyzing the telomeric
regions of the chromosomes, a variable number
of repeat regions have been found in most cases.
This indicates that, either there are selective advan-
tages in having these repeat sequences or, rather,
there are common mechanisms which lead to their
accumulation and maintenance in the chromo-
some (26). It has also been demonstrated that, in

some cases, repeat sequences are advantageous
for the organisms which have them. In est] yeast
mutants the senescence caused by telomeric
shortening is avoided by a massive proliferation
of Y’ subtelomeric elements which takes place at
the extremes of the chromosomes (26). Besides,
repeat subtelomeric regions protect adjacent unique
sequences from heterochromatinization and there-
fore, gene inactivation (26).

Favorable selection of reorganized chro-
mosome regions. Reorganization mediated by
Ty and Y’ elements, giving rise to deletions,
inversion, duplications and translocations are
not reciprocal and the result is a heterozygous
cell. Under certain circumstances, these
reorganizations are favored and maintained be-
cause heterozygosis, that is, the presence of
more than one allele in the reorganized region,
allows a better fitness to specific environments
(14, 29). Alternatively, reorganization can be
unfavorable with regards to the wild type, or
even lethal under the same environmental condi-
tions, but can also allow to colonize new envi-
ronments, not available to the wild type (29).

Attenuation of the negative effects caused
by chromosomal reorganization

Besides the fact that reorganization can be
advantageous, yeast can palliate those situations
under which the effects of the reorganization are
negative or unfavorable:

Apomixia. Apomictic yeast are those which
have undergone mutations which impede them
to complete either the first or the second meiotic
division (16). As a consequence, the resulting
asci form diads instead of tetrads, and the two
meiotic products have the same DNA content as
the parental. This mechanism sensibly reduces
the loss of viability of the meiotic products of
those numerous industrial yeast strains whose
DNA content vary between 1 and 2n (7, 19).
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Homothallism. Most S. cerevisiae yeast
strains isolated from wild or industrial environ-
ments are homothallic (22). A meiotic product
from a homothallic strain undergoes a mating-
type switch when it has divided once. This change
allows the cell to mate with cells from the same
population and therefore to double its DNA con-
tent, and becomes homozygous for all the genes,
except the mating type locus. Homozygosis at-
tenuates the possible deleterous effect which
could cause a meiotic reorganization when it is
present in heterozygosis, for instance a translo-
cation or achange in chromosome number, which
would stop recombination and the correct chro-
mosome separation. Homothallism of an aneu-
ploid strain guarantees that, after meiosis, the
products will have an even number of extra
chromosomes, decreasing enormously the fre-
quency of non-disjunction of the chromosomes
and of viability. In wine yeast, as a consequence
of their homothallism (19), the increase in via-
bility for some strains has been from 60% in the
first generation to 80 to 100% in the second
generation.

Variability of the mitochondrial genome of
industrial yeast

Variability in the length of the restriction
fragments generated from the mitDNA has open
the way to identify unequivocally specific strains
from some industrial yeast groups, such as wine
yeast (35). However, bakers’ strains displayed
exactly the same RFLP pattern of their mitDNA
(Fig. 2) (12). Whereas the interaction within the
same cell of gene products from nuclear and
mitochondrial genomes would predict these
genomes to coevolve (35), comparison between
mitochondrial and nuclear genomes in bakers’
strains suggests that the mitDNA is very stable
whereas the nuclear DNA is highly unstable.

With regards to the wine yeast, these strains
display both a high tolerance to ethanol and
temperature as well as to the mutagenic effect
that ethanol exerts on mitDNA as compared to
other yeast groups (20, 21). The fact that the
transference of mitochondria from wine to labo-
ratory strains confer to the laboratory recipient
yeast a considerable increase in tolerance to
these variables, indicates that the mitochondrial
is the main responsible for this tolerance rather
than the nuclear genome (20, 21).

In spite of the fact that mitochondria from
wine yeast have undergone a selective process of
adaptation to ethanol, and in consequence are
particularly tolerant to this compound, they are
permanently exposed to its mutagenic effects
which are specific for the mitDNA but do not
affect the nuclear genome (20, 21). In conclu-
sion, the differences of the industrial conditions
could account for the differences found between
the mitDNA of bakers’ yeast (strongly selected
and invariable because their mitDNA is never in
the presence of ethanol) and the mitDNA of wine
yeast (also strongly selected but always in the
presence of high concentrations of ethanol) (see
Table 1). The mutagenic effect of the ethanol is
always masking the selective process.

The paradox of the genomes of industrial
yeast

When flor yeast were analyzed, their nuclear
genomes displayed a unique chromosomal pat-
tern whereas the RFLP of the mitDNA was
highly variable (27). However, bakers’ yeast
showed enormous variations of their nuclear
DNA patterns whereas the RFLP of their
mitDNA was identical (see Table 1 and Figs. 1
and 2) (12).

A possible explanation non-related to the
sensitivity of the method of analysis is the fol-
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lowing: an optimal karyotype has been selected
in flor yeast. The conditions are so extreme that
most strains analyzed showed identical DNA
chromosomal patterns (27). These conditions
have also allowed the selection of an optimal
mitDNA. However, the presence of high ethanol
concentrations (over 16%) are permanently in-
troducing variations in the mitDNA, so that the
patterns of the RFLP are highly variable (27).
The level of spontaneous petite mutants (unable
to respire) increases 10-fold when a strain is
maintained in 24% ethanol (4). With regards to
the nuclear genome, flor yeast display an almost
unique chromosomal pattern which probably is
the best selected under the extreme conditions
which support these yeast (27). Thus, both mitD-
NA and nuclear genomes are subjected to strong
selective conditions. But in contrast to the mitD-
NA (4), ethanol does not affect nuclear DNA and
therefore variations of this DNA are minimal.

Other industrial yeast such as bakers’ strains
also undergo selective conditions leading to the
best mitochondrial pattern, which is maintained
because ethanol is absent. Limited addition of
molasses leads to an exclusive respiratory me-
tabolism, where good functional mitochondria
and maximal Y , yield (which drops dramati-
cally in petite mutants) are selected (38). There-
fore, although petite mutants could survive un-
der these conditions, the drop of their growth
rate and yield would eliminate these mutants in
few generations (2, 28). Data supporting the
strong selection exerted on the mitDNA of the
bakers’s yeast are the following: (i) the fre-
quency of spontaneous petite mutants in bakers’
strains is about 0.1% (12). This frequency is
extremely low, when compared with the usual
frequencies found in other yeast groups (1-5%)
(20). (ii) The RFLP of the mitDNA is identical
for bakers’ strains isolated from places geo-
graphically very distant, but sharing similar en-
vironmental conditions.

Polymorphism of the nuclear DNA of bak-
ers’ yeast is, however, very high (11) and could
indicate either that the conditions for this nucle-
ar DNA are not so selective (absence of ethanol),
as they are for other industrial yeast (27), or the
possible existence of several nuclear patterns,
compatible with similar degrees of adaptation
(fitness). Another explanation is that bakers’
strains are able to undergo meiosis, sporulate
and produce viable meiotic products, although
with very low frequency (11, 12, 13). From data
given above, it seems that whereas mitoses are
very stable, the presence of Ty and Y’ elements
originate many reorganization at meiosis (13).
The possibility of undergoing meiosis only once
is enough for a bakers’ strain to completely and
extensively alter its chromosomal pattern. Poly-
morphism could therefore be the result of the
meioses which these bakers’ strains might have
undergone, followed by the selective process
which the resultant meiotic products underwent,
in order to support the specific conditions of
industrial bakers’ strains. These phenomena of
reorganization of the nuclear genome are almost
absent in flor and other industrial yeast, unable
to conjugate or undergo meiosis and sporulation.

Conclusions

Variability shown by industrial yeast, with
regards to the number and size of the chromo-
somes, seems to be generated at meiosis, and to
be the result of asymmetrical recombinations
between homologous chromosomes of different
size or ectopic recombinations between non-
homologous chromosomes. These recombina-
tions seem to be mediated by Ty and Y’ repeat
elements. Polymorphism seems therefore to de-
pend on both the number of Ty and Y’ elements
present in a strain and its capacity to undergo
meiosis.
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Variability generated at meiosis is not ex-
empt from further selection. This can be demon-
strated by the presence of SUC genes, which
appear in multiple copies only in those industrial
yeast cultivated in molasses where high levels
of invertase are required; by contrast, there is
just one or none SUC genes in other industrial
yeast groups.

Mitochondria undergo a strong selection in
the industrial yeast groups. These yeast need a
very high respiratory capacity either to exclu-
sively respire the carbon source and give maxi-
mal Y , yield, to grow at maximal growth rate, to
survive in high concentrations of ethanol in the
absence of fermentable carbon source and oth-
ers. This selection is not always obvious. The
mutagenic effect of the ethanol in the DNA
increases with increasing ethanol concentrations.
As a result, mutagenicity masks the selective
procedure, and variability of the RFLP of the
mitDNA depends on the ethanol concentration.
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Detection of enterohaemorrhagic Escherichia coli
O157:H7 in minced beef using immunomagnetic
separation
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Summary

Enterohaemorrhagic Escherichia coli (EHEC) O157:H7 has been recently recognized as a
human pathogen associated with haemorrhagic colitis and haemolytic uraemic syndrome. Most
outbreaks of haemorrhagic colitis resulted from the consumption of undercooked minced beef
or raw milk. Dairy cattle have been identified as a reservoir of EHEC O157:H7. In this study
E. coli 0157 specific antibody, coated on magnetic beads, was used to concentrate and release
EHEC 0O157:H7 from meat samples. A survey of retail fresh minced beef and hamburger
samples using this procedure revealed that 3 (5%) of 58 beef samples were positive for EHEC
O157:H7. Two of the strains produced both VT1 and VT2 verotoxins, and one produced only
VT2.Immunomagnetic separation is a sensitive and simple technique for the isolation of E. coli
0157 from food, and could be useful for a further elucidation of the epidemiology of this
organism. The relatively high prevalence of EHEC O157:H7 in beef samples may constitute a
risk for public health. Thus, a suitable epidemiologic control and effective methods of
prevention should be applied.

Key words: Escherichia coli, enterohaemorrhagic strains, serotype O157:H7, verotoxins,
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Resumen

Escherichia colienterohemorragica (ECEH) del serotipo O157:H7 representa un nuevo patégeno
humano asociado con la colitis hemorragica y el sindrome urémico hemolitico. La mayoria de los
brotes epidémicos de colitis hemorragica se han asociado con el consumo de carne de vacuno poco
cocinada o de leche no pasteurizada, estando claramente identificado el ganado bovino como el
principal reservorio de ECEH O157:H7. En el presente estudio se ha empleado la separacién
inmunomagnética para concentrar y recuperar ECEH de muestras de carne picada y hamburguesas
de vacuno. Se ha logrado aislar ECEH O157:H7 en 3 (5%) de las 58 muestras de carne investigadas.
Dos de las cepas resultaron ser productoras de las verotoxinas VT1y VT2, y una tercera de solamente
VT2. Los resultados indican que la separacién inmunomagnética es una técnica sencilla y sensible
que puede ser titil en los laboratorios de diagndstico rutinario y en los estudios epidemioldgicos. La
relativamente alta frecuencia de aislamiento de ECEH O157:H7 en carne de vacuno puede suponer
un grave riesgo para la salud piblica, por lo que se deben extremar las medidas preventivas de

vigilancia y realizar un control epidemiolégico adecuado.

Introduction

Verotoxin (VT)-producing enterohaemor-
rhagic Escherichia coli (EHEC) O157:H7 is
now recognised as a new enteropathogen that
causes haemorrhagic colitis (HC) and the haemo-
lytic-uraemic syndrome (HUS) in humans (7, 8,
9,21, 23, 24, 25, 29, 38).

Inthe USA, Canada, and UK, EHEC O157:H7
has been reported as the major cause of bloody
diarrhoea (15% to 41%), and as the second or
third bacterial pathogen more frequently iso-
lated from stool specimens, after Salmonella
and Campylobacter (21, 38). Lately, an expo-
nential rise has been observedin E. coli O157:H7
infections. In Scotland, for example, only 10
cases identified from 1984 to 1986 were fol-
lowed by 202 in 1991 (38). The highest rates of
infection by EHEC O157:H7 have been ob-
served in Canada, where most testing laborato-
ries perform routinely the detection of this patho-
gen; 1342 cases were identified in 1987, which
means 5.2 cases per 100,000 inhabitants (21). In
Scotland, with rates of infection slightly lower
(4.0 cases per 100,000 inhabitants in 1991), 17

outbreaks of HC were reported between 1989
and 1992. In the USA, the number of cases of
diarrhoea from E. coli O157:H7 is estimated at
10,000-20,000 cases per year, with 16 outbreaks
reported during 1993 and other 11 reported dur-
ing the first 6 months of 1994. The most serious
outbreak happened in 1985 in an elderly peo-
ple's home in Ontario (Canada); 55 of 169 resi-
dents and 18 of 137 employees were affected.
Nineteen (35%) of the affected residents died
as a result of the infection associated with
eating minced beef sandwiches (16). Most
outbreaks have been associated with eating ham-
burgers; thatis why HC is known as “hamburger-
illness” in Anglo-Saxon countries (1, 24, 36, 37).

Cattle appear to be a major reservoir of EHEC
O157:H7. This microorganism is found as part of
the normal intestinal microbiota of 1% of ani-
mals (4, 8, 11, 12, 14, 17, 42). During slaughter-
ing and especially during skinning and eviscerat-
ing, E. coli strains present in the intestines of
cattle inevitably contact the carcasses.

By using high sensitive immunologic and
genetic techniques, some studies showed that
contaminated food products associated with out-
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breaks may contain ten O157:H7 bacteria per
gramme only. These bacteria have the ability to
survive in acidic conditions (pH 2.5 to 3.0), to
grow at very low temperatures (7°C), and to
remain viable for months in frozen meat at
—20°C. However, they can be easily eliminated
by heating (68.3°C). Hamburgers and minced
meat are specially dangerous, for microorgan-
isms remain viable if affected meat is not thor-
oughly cooked (3, 24, 27, 32, 39).

Unlike other E. coli strains, EHEC O157:H7
do not ferment sorbitol and are B-glucuronidase
negative. These differences make it easy to iden-
tify O157:H7 strains in food products and clinic
samples, though some sorbitol positive or H-
strains have been detected.

We found EHEC O157:H7 or H in 4 (0.8%)
out of 510 calves from some farms in Spain (4, 8,
11, 12, 13). So, we decided to complete this
epidemiologic study with the sampling of beef
meat which was aimed to human consumption.

Materials and methods

Sample collection. A total of 58 samples (33
mince beef and 25 beefburgers) were collected
from 20 local markets in Lugo city during May
and July 1995. All meat samples were packaged
individually in sterile plastic bags, refrigerated
for transportation to the laboratory and proc-
essed within 2 h of collection. Results were
compared with those obtained in a previous sam-
pling, from 1994.

Immunomagnetic separation of Esche-
richia coli O157. A 25 g portion of each meat
sample was homogenized in a stomacher with
225 ml of buffered peptone water supplemented
with vancomycin (8 mg/1), cefixime (0.05 mg/1)
and cefsulodin (10 mg/1) (Fig. 1). After mixing,
broths were incubated at 37°C for 6 h, and 1 ml
of broth was added to 20 pl of magnetic beads

coated with an antibody against O157 antigen
(Dynabeads anti-E. coli O157; Dynal, Oxoid,
Hampshire, UK) in a 1.5 ml microcentrifuge
tube for detection of E. coli O157 by
immunomagnetic separation (IMS). The IMS
was performed as previously described by
Chapman et al. (17). The beads were suspended
evenly in the broth culture by vortex mixing and
were placed in a rotating mixer so that they were
mixed by inversion every 2-3 s for 30 min at
room temperature. Tubes were placed in a mag-
netic separator rack (MPC-10; Dynal, Oxoid)
and the magnets were placed in position and left
for 5 min. The culture supernate was removed by
aspiration with a Pasteur pipette, the magnetic
slide was removed from the rack, the beads were
washed by resuspension in 1 ml of PBS, pH 7.2,
with Tween 20 0.002% v/v (PBST) and the
magnetic slide was replaced for 3 min. The beads
were washed in PBST in this way a further two
times, the magnetic slide was replaced for 3 min,
the supernate was removed, and the beads were
resuspended in 50 pul of PBS. The beads were
inoculated on to sorbitol MacConkey (SMAC)
and cefixime (0.05 mg/l), tellurite (2.5 mg/l),
sorbitol MacConkey (CT-SMAC) media. After
incubation overnight at 37°C, eight sorbitol non-
fermenting colonies and two sorbitol positive
colonies were selected.

Characterization of isolates. (i) Biotyping.
Identification was based on biochemical tests,
including fermentation of glucose (+) and lac-
tose (+ or —), H,S production (-), citrate (-),
urease (-) and indole (+). O157 strains were
confirmed as E. coli using the API 20E system
(BioMérieux, Marcy L'Etoile, France). B-
Glucuronidase activity was established on SMAC
with MUG (Biolife, Milano, Italy).

(ii) Serotyping. Presence of O157 and H7
antigens was determined by the method described
by Guinée et al. (22) and modified by us (6) with
antisera obtained from the Dutch National Insti-
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tute of Public Health and Environmental Protec-
tion (Bilthoven, the Netherlands). The antisera
were adsorbed with the corresponding cross-
reacting antigens to remove the unspecific ag-
glutinins.

(iii) Production of verotoxins and detection
on cells. One loopful of each E. coli strain was
inoculated into a 50 ml Erlenmeyer flask con-
taining 5 ml of tryptone soya broth with mitomy-
cin C (5) and incubated for 20 h at 37°C in an
orbital shaker (200 rpm). Detection of verotox-
ins was performed on Vero and HeLa cells as
described in previous papers (5, 11). Briefly,
Vero and HeLa cell assays were performed on
cell monolayers grown nearly to confluence in
plates with 24 wells. At the time of assay, the
growth was changed (0.5 ml per well) and 75 pl
of undiluted filtrate of culture treated with mito-
mycin C was added. Vero and HeLa cells were
incubated at 37°C in 5% CO, atmosphere, and
morphological changes in cells were observed
under a phase contrast inverted microscope after
24 and 48 h of incubation.

(iv) PCR for amplification of VT1 and VT2
genes. DNA to be amplified was released from
whole organisms by boiling. The pairs selected
to amplify VT1 and VT2 gene segments (5°-3’):

VT1: CAGTTAATGTGGTGGCGAAG and
CTGCTAATAGTTCTGCGCATC; and

VT2: CTTCGGTATCCTATTCCCGG and
GGATGCATCTCTGGTCATTG,
have been used as previously described (31).
The VT1 primers amplify a 894-bp fragment
(nucleotides 215 to 1109 of the VT1 gene) and
the VT2 primers amplify a 478-bp fragment
(nucleotides 288 to 766 of the VT2 gene). Oligo-
nucleotide primers were synthesized by using a
Gene Assembler Special (Pharmacia, LKB Bio-
technology, Inc., Uppsala, Sweden) according
to the protocol provided by the manufacturer.
Amplification of bacterial DNA was performed
with 50 pl volumes containing 10 pl of the

prepared sample supernatant; the oligonucle-
otide primers (150 ng for VT1 primers, and 90 ng
for VT2 primers); 0.2 mM (each) dATP, dGTP,
dCTP, and dTTP; 10 mM Tris HCI (pH 8.8); 1.5
mM MgCl,; 50 mM KCI; and 1 U of DynaZyme
DNA polymerase (Finnzymes OY, Finland). The
reaction mixtures were overlaid with an equal
volume of mineral oil. The PCR was performed
with a thermal cycler (model Gene ATAQ Con-
troller; Pharmacia, LKB Biotechnology, Inc.) at
94°C for 2 min for 1 cycle, followed by 30 cycles
of 94°C for 1 min, 55°C for 1 min, and 72°C for
1 min. The amplified product was visualized by
standard submarine gel electrophoresis of 10 pl
of the final reaction mixture on a 2% agarose gel.
Amplified DNA fragments of specific sizes were
located by UV fluorescence after staining with
ethidium bromide. Molecular size markers (Hael-
IT digest of $X 174 DNA) were included in each
gel. The above described procedure(s) is sche-
matized in Fig. 1. :

Most probable number determination and
detection of verotoxigenic Escherichia coli by
conventional methods. Most probable number
(MPN) determination was performed in BRILA
broth with MUG (Fluorocult BRILA-Bouillon,
Merck, Darmstadt, Germany) by inoculation of
1 ml of each decimal dilution (1/10, 1/10?, 1/10%)
into three BRILA-MUG tubes. Decimal dilu-
tions were made in peptone water. After incuba-
tion (37°C/48 h) each tube was examined for
gas (lactose fermentation), fluorescence
(B-glucuronidase action) and indole production.
Only the tubes with these three characteristics
were considered positive for the presence of
E. coli (33).

Detection of verotoxigenic E. coli (VTEC)
by conventional methods included: (i) resuscita-
tion in peptone water, (ii) selective enrichment
in MacConkey broth, (iii) selective plating on
Lactose MacConkey agar and on SMAC with
tellurite. A total of 25 colonies with typical
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25¢ of minced beef or beefburgers,
225 ml of buttered peptone water supplemented with
vancomycin, cefixine and cefsulodin
37°Cl6h

|

Immunomagnetic separation of £scherictia colf 0157

!

Isolation on sorbitol-MacConkey ( SMAC%
and cefixime tellurite sorbitol MacConkey (CT-SMAC),
overnight at 37°C

!

Selection of 8 sorbitol non-fermenting colonies
and 2 sorbitol positive colonies

!

Biotyping of £scherichia coli
(Glu +, Lac #, HyS -, Cit~-, Ure -, Ind +)

!

Serotyping: determination of presence of the 0157 antigen

!

Production of verotoxins in presence of mitomycin C
and detection on Vero and Hel a cells

!

Polymerase chain reaction (PCR) for detecting VT1 and VT2 genes.
Determination of H7 flagellar antigen in O157 strains VT+*

FIG. 1. Methodology for the detection of ECEH O157 in food.

morphology of E. coli were selected per sample,
including lactose-positive, lactose-negative,
sorbitol-positive, and sorbitol-negative colonies.
After identification, E. coli colonies were inves-
tigated for verotoxin production on Vero and
HeLa cells.

Results

E. coli colonies were isolated from 100%
(33/33) of the minced meat samples and from

96% (24/25) of the hamburgers. More than 10?
E. coli per gramme were detected in 45% (15/
33) and in 20% (5/25) of the samples, respec-
tively. VT-positive EHEC O157:H7 were de-
tected in three minced meat samples, two of
which gave 480 E. coli colonies per gramme and
one gave more than 2,400 E. coli colonies per
gramme (Table 1). The three positive samples
(with EHEC O157:H7) came from the same
supermarket. The first sample (CP22) was ob-
tained on May 25, 1995, the second (CP44) on
June 21, and the third (CP47) was obtained on
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TABLE 1. Frequency of EHEC O157:H7 in relation
to the most probable number (MPN) of Escherichia
coli per gramme of meat

No. of samples

MPN E. coli
Total EHEC O157:H7
< 10? 38 0
> 10 <10° 12 2 (17%)
> 10° 8 1 (13%)

June 27. A total of 11 minced meat samples and
5 hamburgers were investigated from this super-
market. The last month of the study, we obtained
samples only from this supermarket: 10 minced
meat samples (two of which were positive for
EHEC O157:H7) and five hamburgers.

The IMS appeared to be decisive for the
detection of EHEC O157:H7 strains, which would
have not been detected if we had applied
conventional methods (Table 2). From one of the
positive samples, 111 E. coli colonies obtained
from conventional methods were assayed for
toxins without detecting EHEC O157:H7 strains
(Table 2).

The three O157 strains isolated showed the
features of EHEC: O157:H7 serotype, sorbitol-
negative and B-glucuronidase-negative. Toxi-
genicity determined in Vero and HeLa cells and
confirmed by PCR showed that one strain had
the VT2 gene (strains CP22) and two strains had

both VT1 and VT2 genes (strains CP44 and
CP47). The titles obtained for the O157 antigen
were: 1/2560 (strain CP47), 1/5120 (strain CP22)
and 1/10,240 (strain CP44).

Discussion

Two samplings were performed during 1994
and 1995. During 1994 we investigated the pres-
ence of EHEC O157:H7 in 72 fresh beef samples
(54 hamburgers and 18 minced meat samples).
The resuscitation of the E. coli was realized in
tryptone soy broth, the selective enrichment in
MacConkey broth, and the isolation on SMAC
with tellurite. Though a special selective medi-
um for the isolation of sorbitol-negative EHEC
O157:H7 strains was used, we found no evi-
dence of O157:H7 strains in the 72 samples
examined (Table 3) (10). IMS was included in
the study of 1995. This technique allows to
recover EHEC strains at concentrations as low
as one bacterium per gramme and mixed with
other E. coli strains or bacterial species (17, 30).
Furthermore, the most adequate conditions for
the recovery of EHEC O157 were applied:
(i) enrichment in buffered peptone water supple-
mented with vancomycin, cefixime and cefsulo-
din, and (ii) isolation on CT-SMAC (17). This
procedure let us to detect sorbitol and

TABLE 2. Detection of EHEC O157:H7 by conventional methods and by immunomagnetic separation

No. of EHEC O157:H7 colonies /

No. of total E. coli colonies investigated

Positive samples Conventional Immunomagnetic

for EHECO157:H7 methods separation
CP22 0/21 8/10 (1%)*
CP44 0/111 1/10 (25%)°
CP47 0/20 1/10 (60%)“

« Percentage of sorbitol non-fermenting colonies grown on CT-SMAC after immunomagnetic separation.
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TABLE 3. EHEC 0157 in beef: comparison of results obtained in different countries

No. with EHEC 0157/

Method used for detection

Location (country) Year Reference
No. total of samples of EHEC 0157
Manitoba (Canada) 1988 0/71 (0%) ELISA-O157¢ 37
1989 4/164 2%) ELISA-O157¢ 37
Ontario (Canada) 1988 0/225 (0%) Verocytotoxin neutralization assays® 35
Calgary (Canada) 1985 5/17 (29%) HGMF-immunoblot® 18
Wisconsin (USA)  1985-86 1/147 (0.7%) HGMF-immunoblot* 18
Wisconsin (USA)  1990-91 3/107 (3%) ELISA-O157¢ 32
Bangkok (Thailand) 1989 0/93 (0%) DNA Hybridization-VT1 and
VT2 genes (5 colonies) 40
London (UK) 1992 0/310 (0%) DNA Hybridization-VT1 and
VT2 genes” 41
Madrid (Spain) 1993 2/75 (3%)* Serotyping (0O157) 2
Lugo (Spain) 1994 0/72 (0%) Vero and HeLa cells (20 colonies) 10
1995 3/58 (5%) Immunomagnetic separation (10 col.)  This work

“Cultures with up to 1000 colonies were tested for the presence of Escherichia coli 0157 or verotoxin-producing E. coli.

b In this study the production of verotoxins was not investigated.

ELISA-0157, Enzyme-linked immunosorbent assay with an antibody specific for E. coli 0157 antigen; HGMF- )
immunoblot, Hydrophobic grid membrane filter-immunoblot procedure using antiserum to E. coli 0157:H7 culture filtrate.

B-glucuronidase negative EHEC O157:H7 strains
in 3 (5%) of the 58 samples investigated in 1995
(see Table 1). This high percentage of detection
has been improved only by Doyle and Schoeni
(18) in Calgary (Alberta, Canada), where the
rates of EHEC O157:H7 infection are the highest
found in the world. Nevertheless, it must be
considered that our three EHEC O157:H7 sam-
ples came from the same supermarket, though
they were obtained within a month. It seems to
be two different types of O157:H7 strains, one
VT2*and two VT1* VT2*. However, they might
come from the same clone, for VT1 and VT2
genes can be easily lost. Specific epidemiologic
markers should be studied to identify the strains.
Benezet et al. (2) investigated the presence of E.
coli O157:H7 in 125 fresh beef and pork sam-
ples, and also in 20 boiled ham samples. Most of
those samples came from factories in Madrid.
E. coli O157:H7 strains were isolated from 2

(3%) of the 75 beef samples, and from 1 (2%) of
the 50 fresh pork samples. Nevertheless, it can-
not be assured that these strains are VT*, as they
were not probed for verocytotoxicity. It must be
pointed out that IMS was conclusive for the
detection of EHEC O157. Padhey and Doyle
(32) found EHEC O157:H7in 3 (3%) of 107 beef
minced meat samples by immunoassay, using a
policlonal antiserum specific for the O157 anti-
gen. They also determined the MPN of EHEC
0157:H7 for the three samples, which ranged
from 0.4 to 1.5 bacteria/g. Our study confirms
these results, as the concentration of EHEC
0157:H7 in one sample (CP44) was so low that
we could not recover it after testing 111 colonies
by conventional methods (see Table 2). Our
results show that IMS may be a useful technique
for routine detection of EHEC O157:H7 from
outbreaks in microbiological laboratories. The
reactives for IMS (Oxoid), as well as the O157
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and H7 antisera (Difco) are available. Sorbitol
and B-glucuronidase negative O157:H7 strains
may be considered presumptively as verotoxi-
genic, but it is advisable to send them to a
reference laboratory to confirm the production
of verotoxins.

Considering that EHEC O157:H7 strains have
been isolated from beef meat with a relative
frequency, and that they have been found in the
intestinal content of several cows and calves
from farms in Spain, outbreaks in humans could
be expected to happen frequently too. Marne et
al. (26), Gaztelerrutia et al. (20), Elcuaz et al.
(19), Canut et al. (15), and Navarro et al. (28)
studied the presence of sorbitol-negative EHEC
O157:H7 strains in 17,843 stool specimens,
which were recovered from only 9 cases. This
means a rate of incidence of 0.05% (7, 34). We
have recovered them from three (0.6%) of the
514 stool specimens obtained from patients of
the Complejo Hospitalario Xeral-Calde (Lugo)
during 1995, from January to September (data
not published).

The low incidence of human infection in
relation to the potential reservoir can be ex-
plained by the fact that bovine strains isolated in
Spain might lack pathogenic factors for human
infection, or because meat processing and cook-
ing habits inactivate them. It is also possible that
contact with this bacterium for many genera-
tions has made the population immune against it.
However, adequate control measures and an ep-
idemiologic screening should be considered,
since this problem broke out suddenly in Cana-
da, the USA, and UK in the early eighties. So,
consumers need to be informed about hazards
from undercooked beef meat. The most effective
measure is to cook meat adequately until an
internal minimum temperature of 68.3°C. To
reduce the incidence of pathogenic microorgan-
isms in meat products, a series of Hazard Anal-
ysis and Critical Control Point (HACCP) pro-

grammes should be developed and implemented
in farms, slaughter facilities, and postlaughter
meat processing operations, as well as at further
points along the system from the farm to food
consumption. Economic analyses show that the
public health benefits expected from the reduced
number and severity of foodborne diseases re-
sulting from the use of irradiation are greater
than the costs associated with the implementa-
tion of the irradiation process. Detection of ani-
mal carriers has also been suggested to reduce
their occurrence in farms (27).
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Summary

Verotoxin-producing Escherichia coli strains (VTEC) cause hemorrhagic colitis and hemolytic-
uremic syndrome in humans. Laboratory diagnosis by conventional methods is slow and cumber-
some. The results of a new rapid enzyme immunoassay (EIA Premier EHEC) for verotoxin detection
both in isolated strains and in clinical samples are presented, and they are compared with cell culture
(CC) and polymerase chain reaction (PCR) techniques. Fifty-four strains have been analyzed by both
EIA and PCR, and 33 by all three methods. The kit has also been evaluated for experimentally
infected stool samples directly and after their enrichment on MacConkey broth. Nineteen, out of the
54 strains, were positive by EIA and 20 by PCR. The results of the 33 strains evaluated by the three
techniques were coincident with one exception. The latter was uninterpretable by CC, negative by
EIA and positive by PCR. The sensitivity of the kit for experimentally infected stool samples was
approximately 5 X 107 bacteria/ml in the direct test, and 5 x 10 bacteria/ml after broth enrichment.
EIA sensitivity and specificity were similar to those of CC and PCR. The diagnostic times were 18h
for EIA, 3 days for PCR and 5 days for CC. Sensitivity, rapidity and ease of performance make this
technique especially valuable for clinical diagnosis.
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Resumen

Las cepas de Escherichia coli productoras de verotoxina (VTEC) causan colitis hemorragicas y
sindrome hemolitico urémico en los seres humanos. El diagnéstico por métodos convencionales
resulta lento y engorroso. En este trabajo se presentan los resultados de un inmunoensayo rédpido con
enzimas (EIA Premier EHEC) para la deteccién de la verotoxina en cepas aisladas y en muestras
clinicas, y se comparan con los resultados obtenidos con células de cultivo (CC) y con la reaccién
en cadena de la polimerasa (PCR). Se analizaron 54 muestras mediante EIA y PCR, y 33 aplicando
los tres métodos. También se evalué el “kit” en muestras de heces infectadas experimentalmente,
directamente y tras su enriquecimiento en caldo MacConkey. De las 54 muestras analizadas, 19
resultaron positivas en el inmunoensayo (EIA). Los resultados de las muestras evaluadas mediante
las tres técnicas coincidieron, excepto en un caso, que no pudo interpretarse mediante CC, y que
resulté negativo en EIA y positivo en la PCR. La sensibilidad del “kit” en las muestras de heces
infectadas experimentalmente fue de aproximadamente 5 x107 bacterias/ml en la prueba directa y de
5% 10*bacterias/ml después del enriquecimiento en el caldo de cultivo. La sensibilidad y especificidad
de EIA eran similares a las de CC y de PCR. Los tiempos de diagndstico fueron 18 horas para EIA,
3 dias para PCR y 5 dias para CC. La sensibilidad, rapidez y facilidad de empleo hace que esta técnica

sea especialmente valiosa para el diagnéstico clinico.

Introduction

Verotoxin-producing Escherichia coli
0157:H7 strains (VTEC) have been tradition-
ally associated with hemorrhagic colitis (3,
20), the hemolytic-uremic syndrome (8) and
thrombotic thrombocytopenic purpura syn-
dromes (7).

Other verotoxigenic serotypes have also
been associated with these clinical symptoms,
although less frequently, such as O4:H-,
026:H11, 045:H2, O111:H-, O128:H- and
0145:H-, as well as O157:H-, that may corre-
spond to non-motile variants of O157:H7,
among others (2). VTEC strains produce two
types of verotoxin: verotoxin 1 (VT1) and

verotoxin 2 (VT2), that can be synthesized
simoultaneously or independently, and are
codified by different bacteriophages. VT1 is
similar to the Shiga toxin of Shigella
dysenteriae type 1 (16, 22). Four different
VT2 variants are currently known. VTEC
strains that cause hemorrhagic colitis are also
known as enterohemorrhagic E. coli (EHEC)
strains.*

A conventional method for the detection of
E. coli O157:H7 serotype (usually associated
with verotoxin production) is the coprocul-
ture isolation of the microorganism, followed
by the use of biochemical markers, such as
sorbitol or B-glucoronidase (which are char-
acteristically negative in these strains) (12,

* See Blanco et al., at pp. 385-394, this issue. (Editor's note.)
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13), and by the determination of the serotype
by specific antisera.

Production of verotoxin (11) is determined
by cell culture, the “gold standard” technique.
However, this method is usually slow and
cumbersome. Besides, cell lines sensitivities
are variable, the interpretation of the results is
subjective, and the loose of verotoxin produc-
tion by subcultures has been demonstrated.

Taken together, the diagnosis of E. coli
0157:H7 infection and the confirmation of
verotoxin production require S days approxi-
mately and, besides, it cannot detect other
verotoxigenic serotypes.

Polymerase chain reaction (PCR) has been
used for some years as a quick method for the
detection of verotoxin-codifying genes in bacte-
rial strains, both from culture (17) and directly
from feces, with excellent results (14). This
technique has the disadvantage of the non-avail-
ability of commercialized reagents, together with
the general limitations of the method (4, 21, 24,
25).

As far as serological tests are concerned,
they are not rapid and cross-reactions with
other microorganisms have been described (5,
6, 9, 26).

Alternative tests are necessary to establish
a rapid diagnosis from direct sample. In the
last years enzyme immunoassays (EIA) have
been experimentally developed for the detec-
tion of both verotoxins, altogether or each one
independently (1, 15, 18). Similar results have
been obtained by EIA with respect to cell
culture, even though some difficulties have
arisen for the detection of some VT2 variants
(15).

Recently, a kit (Premier EHEC) for the
detection of both verotoxins, directly from
clinical samples or from isolated bacterial
strains, has been commercialized (Acheson,

D. W. K. et al., 1994. 2nd International Sympo-
siumon Verocytotoxin Producing Escherichia
coli Infections. Bergamo, Italy). The aim of
this study was to compare the results for the
detection of VT1 and VT2 by EIA with those
of cell culture and PCR from bacterial strains
and stool specimens.

Materials and methods

Bacterial strains. (i) Problem strains. We
studied 39 E. coli strains obtained from patients
with enterocolitis from different hospitals in
Spain (19). Thirteen of them belong to 0157:H7
serotype, 8 to E. coli O157:H-, 1 to E. coli
O128:H-, 5 to E. coli 026:B6, 2 to E. coli
O111:B4, 1 to E. coli O157:H2, 1 to E. coli
0O157:H26,1toE. coliO157:H39 and 7 to E. coli
of undetermined serotype. Besides, ten
Citrobacter freundii strains were included be-
cause the presence of VT2-related gene sequences
had been described in this species.

(ii) Control strains. E. coli 933 (O157:H7
VT1 and VT2 producer) and a S. dysenteriae
type 1 strain were included as positive controls.
A2 (E. coli O157:K88:H19 non-verotoxigenic)
and 2 S. dysenteriae strains, that agglutinated
with polyvalent A2 antiserum, were used as
negative controls.

Detection of verotoxins by Cell Culture
and Polymerase Chain Reaction (PCR).
Verotoxin production was assessed by the method
described by Konowalchuk et al. (11), in which
ATCC CCL 81 Vero cell line was used. Thirty-
two E. coli and one S. dysenteriae type 1 strains
were studied by this method.

VT1 and VT2 codifying genes were analyzed
independently by the method described by Olsvik
(17), which amplifies a specific 895 bp VTI
sequence and a specific 479 bp VT2 sequence.
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The confirmation of PCR results was done by
restriction enzyme digestion. Our experience
with this method has been published previously
(14). All 54 strains described in the materials
and methods section were studied by this proce-
dure.

VT1 and VT2 verotoxin detection by En-
zyme Immunoassay (EIA). The Premier EHEC
kit (Meridian Diagnostics, Inc., Cincinnati, OH,
USA) was used for the detection of both
verotoxins in culture isolates and in stool speci-
mens. The kit, based on a capture EIA, is com-
posed of plastic microwell strips coated with a
mixture of two monoclonal antibodies: HD3,
directed against the VT1 B subunit, and HD1,
which recognizes both verotoxin B subunits.
Afterwards, a specific polyclonal antibody
was added. Positive reaction was visualized
by incubation with an enzyme conjugate
(polyclonal anti-IgG antibody conjugated to
horseradish peroxidase) and the following
addition of a chromogenic substrate (urea
peroxidase). The reaction was read by
spectophotometric determination at the wave-
lengths 450/630 nm.

Sample preparation. Two methods were
used to treat bacterial strains in order to com-
pare the sensitivity and specificity of both
procedures: solid medium and broth culture.
Fourteen strains were analyzed by both meth-
odologies and the other 40 were only evalu-
ated by cultivation on solid medium. Twenty-
one of these 40 strains were checked on dupli-
cate to determine the test reproducibility.

(i) Plate culture. Two bacterial colonies
were transferred from a MacConkey agar over-
night culture into a tube containing 200 pl of
the kit sample diluent and was subsequently
homogenized with a mixer.

(ii) Broth culture. 50 pl from a Luria
Bertani (LB) overnight culture was put into an

Eppendorf tube containing 200 ul of the kit
sample diluent and was also homogenized.

The evaluation of the kit Premier EHEC
with stool samples was done through experi-
mental contamination of the specimens. Stool
samples with different characteristics were
selected to check the efficiency of the com-
mercial reagent: liquid stools, pasty stools,
mucous stools and stools containing erythro-
cytes and leucocytes. Different concentrations
(10°%-10%) of VT1, VT2 and VT and VT2
positive bacterial strains were added respec-
tively to different characteristic stool sam-
ples. All non-fluid stool samples had to be
diluted previously to obtain valuable results.
As negative controls, the same stool samples
were analyzed without the addition of VT-
producing strains.

A mixture of stool specimens and bacterial
suspensions at ca. 5 X 10* bacteria/ml concen-
tration was tested directly and with a previous
enrichment on MacConkey broth for 4 and
18 h, respectively.

Enzyme immunoassay technique (Pre-
mier EHEC). The EIA technique was per-
formed following the manufacturer’s instruc-
tions. The isolated bacterial strains were
analyzed by adding 100 pl of every bacterial
suspension, obtained from solid medium or
broth culture, to each microwell of the
microtiter plate.

The stool samples were tested by the addi-
tion of 200 pl of the diluent sample to150 pl
and 50 pl, respectively, of the mixtures ob-
tained by the direct and enrichment method.
100 pl of each sample were transferred to each
corresponding microwell. A positive and a
negative control were included on each run.
Results were read between 5 to 15 min of the
incubation with the stop solution. The optical
density (OD) of the negative control should
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TABLE 1. Detection of verotoxins on culture isolates. Results obtained by Cell Culture (CC), Polymerase
Chain Reaction (PCR) and Enzyme Immunoassay (EIA) techniques in cultures isolates of several species
and bacterial serotypes

Species and serotypes No. strains cc PCR® EIA°
+ - + - + -
Control strains:
Escherichia coli O157:H7 VT1
and VT2 positive 1 1 0 1 0 1 0
Shigella dysenteriae type 1 VT1 positive 1 1 0 1 0 1 0
Escherichia coli 0157:K88:H19 VT1
and VT2 negative 1 0 1 0 1 0 1
Shigella dysenteriae non type 1*, VT1
and VT2 negatives 2 ND* ND 0 2 0 2
Problem strains:
Escherichia coli O157:H7 13 11 2b 12 1 11 2
Escherichia coli O157:H- 8 5 3 5 3 5 3
Escherichia coli 026:B6 5 ND 1 0 5 0 5
Escherichia coli O111:B4 2 ND ND 0 2 0 2
Escherichia coli O128:H- 1 1 0 1 0 1 0
Escherichia coli 0157:H2 1 0 1 0 1 0 1
Escherichia coli 0157:H26 1 0 1 0 1 0 1
Escherichia coli 0157:H39 1 0 1 0 1 0 1
Escherichia coli (undetermined serotype) 7 ND 4 0 7 0 7
Citrobacter freundii 10 ND ND 0 10 0 10

' CC, positivity refers to observation of morphologic alteration on cultured cells, compatible with the ones produced by

verotoxins.

2 PCR, positivity refers to the presence of specific sequences of VT1 and/or VT2, confirmed by restriction enzyme

digestion.

* EIA, a result was considered positive when the optical density at 450/650 was 20.150.

2ND, not done.® One result by CC was uninterpretable.
* Positive agglutination with A2 polyvalent antiserum.

be <0.150 and the OD of the positive control
=20.150. All samples with an OD >0.150, were
considered positive and those with an OD
<0.150 were considered negative.

Results

Detection of verotoxin production by CC
and EIA and the presence of its codifying
genes on bacterial cultures by PCR. All
thirty-three strains described on the materials

and methods section, including the controls,
were studied by PCR and EIA. The results
obtained by cell culture, PCR and EIA are
shown on Table 1.

Control strains had the expected results in
all runs. The data obtained from isolated
strains, which are shown in Table 1, corre-
spond to solid medium. The strains simulta-
neously studied from solid and liquid media
by EIA produced the same qualitative re-
sults, although the average OD obtained from
solid culture (OD = 2.661) was higher than
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the one obtained from broth culture (OD =
1.814) (data not shown). The results obtained
from the 21 strains, that were analyzed on
duplicate by the plate method, were also coin-
cident (data not shown). ~

Table 2 shows the results obtained for the
33 strains studied by using the three methods.
Nineteen out of these strains were EIA Pre-
mier EHEC, cell culture and PCR positive,
and thirteen were negative by using the three
methods. One strain was negative by using the
EIA technique, uninterpretable by cell culture
and PCR positive.

Detection of verotoxin production di-
rectly from stools. Stool samples experimen-
tally infected. Stool specimens experimen-
tally infected were checked by using the EIA
technique following two methods: the direct
method and after their enrichment on culture
medium (see materials and methods).

Results from the samples directly studied,
and the controls incorporated (non-infected
stools), are shown in Table 3. Positive results
were obtained at concentrations higher than
5 X 107 bacteria/ml. The average OD, .o
obtained from mixtures of feces with differ-

“ent VT'1-producing strains concentrations was
twice the one obtained from VT2-producing
strains (O D =0.532 for VT1 and OD = 0.244
for VT2), and this one was slightly higher to

the one obtained from the mixtures with both
VT-producing strains (OD = 0.187 for
VT1+VT2).

Results obtained with experimentally in-
fected samples incubated for their enrichment
for 4 and 18 h are shown in Table 4. The three
mixture types were negative after a 4 h
MacConkey broth enrichment; on the other
hand, they had positive results after their en-
richment on this medium for 18 h.

Discussion

The EIA Premier EHEC method has been
useful for the detection of VT from enterohe-
morrhagic E. coli and S. dysenteriae type 1
strains, both in plate and in broth cultures.
However, the sensitivity of the technique has
been higher by the first procedure. Besides,
the reproducibility of the plate culture has
been demonstrated. These results coincide
with the preliminary data shown in the afore-
mentioned International Symposium held in
Bergamo (Italy), in 1994. We cannot compare
these results with our data because the proce-
dures used were different in each case.

The EIA Premier EHEC method is also
suitable for the detection of verotoxin in stool
samples of various characteristics. Those with

TABLE 2. Results obtained on comparison of the three evaluated techniques

Cell Culture PCR
Premier EHEC-EIA Positive Negative  Uninterpretable Positive Negative
Positive 19* 0 0 19%* 0
Negative 0 13 1 1 13
Total 19 13 1 20 13

This table shows the comparison of the results obtained for the 33 analyzed strains by the EIA, PCR and CC techniques.

* A Shigella dysenteriae type 1 strain is included.
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TABLE 3. Detection of verotoxins by the EIA technique in stool samples. Results show the optical density
values obtained by the EIA Premier EHEC technique on the detection of VT from the mixtures of stool

samples and verotoxigenic bacterial suspensions

Concentration of verotoxigenic bacteria per ml

Negative controls”

Stools(VT)? 100 5% 107 10°

Liquid (VT1) 0.139 (-)¢ 0.408 (+) 0.610 (+) 0.106 (-)
Pasty (VT1) 0.157 (+) 0.592 (+) 0.918 (+) 0.094 (-)
Mucous (VT1) 0.144 (=) 0.568 (+) 0.978 (+) 0.093 (-)
Leucoc+Eryth (VT1) 0.127 () 0.559 (+) 0.920 (+) 0.082 (-)
Liquid (VT2) 0.107 (=) 0.207 (+) 0.327 (+) 0.106 (-)
Pasty (VT2) ND? 0.287 (+) 0.449 (+) 0.094 (-)
Mucous (VT2) ND 0275 (+) 0.407 (+) 0.093 (-)
Leucoc+Eryth (VT2) 0.107 (=) 0.207 (+) 0.327 (+) 0.082 (-)
Liquid (VT1+VT2) 0.120 (-) 0.166 (+) 0.159 (+) 0.106 (-)
Pasty (VT1+VT2) 0.133 () 0.199 (+) 0.178 (+) 0.094 (-)
Mucous (VT1+VT2) 0.100 (-) 0.198 (+) 0.201 (+) 0.093 (-)
Leucoc+ Eryth (VT1+VT2) 0.106 (-) 0.185 (+) 0.157 (+) 0.082 (-)

¢ These results concern to the stool samples analyzed by EIA withouth the addition of verotoxigenic bacteria.
b Characteristics of the stool specimens used for EIA and type of verotoxin produced by the added strains.
The interpretation of the results appears inside the parenthesis, next to the optical density, () negative and (+) positive.

4 ND, not done.

pasty and mucous consistence needed a previ-
ous dilution in order to obtain positive results.
The higher positivity obtained from the mix-
tures that contained VT1-producing strains
versus those with VT2-producing strains is
correlated with the sensitivity described by
the manufacturer for each verotoxin (7 pg for
VT1 and 15 pg for VT2), and is coincident
with the fact that two monoclonal antibodies
are used, which recognize the VT1 B subunit,
HD1 and HD3, whereas only one, HD1, rec-
ognizes VT2 B subunit. This fact can be a
disadvantage for the analysis of the VT2-
producing strains, especially because the con-
cern of the high prevalences of these infec-
tions in the studied area (19). '

We can emphasize that OD results ob-
tained with strains which produce both vero-
toxins were lower than those obtained with
the strains that produce only one of them.
This could be the consequence of some kind
of competition between the two verotoxins
for the binding to their specific receptors. Our
data show a higher sensitivity (about 5 x 107
bacteria/ml) than those described on the kit
(6 x 10® bacteria/ml), in order to obtain pos-
itive results in feces. Moreover, the commer-
cial kit does not show the results obtained
with a lower concentration of bacteria. Ac-
cording to our data, we did not obtain positive
results with the concentration of 10° bacteria/ml.
This emphasizes the value of performing a
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TABLE 4. Verotoxin detection from enriched stool samples on broth culture. Results show the optical
density values obtained by the EIA Premier EHEC technique on the verotoxin detection from the mixtures
of the stool samples and the suspensions of verotoxin-producing bacterial strains after broth enrichment

Stools (VT)*

Concentration of the bacterial suspensions added to stool specimens per ml

5 x 10* MacConkey 4 h®

5 x 10* MacConkey 18 h°

Liquid (VT1) 0.045 (-)
Liquid (VT2) 0.042 (-)
Liquid (VT1+VT2) 0.041 (=)

0.167 (+)
1.933 (+)
2.488 (+)

“Characteristics of the stool specimens used for EIA and type of verotoxin produced by the added bacterial strains.
b Results obtained by EIA for the strains previously enriched on MacConkey broth for 4 h.
‘Results obtained by EIA for the strains previously enriched on MacConkey broth for 18 h.

preliminary incubation of the sample in order
to increase the initial inocula and to guarantee
the reliability of the results. In fact, the pres-
ence of verotoxin has only been shown after
the prolongation to 18 h, of the samples incu-
bation time on MacConkey medium which
limits the rapidity of the diagnosis by using
this technique.

The optical densities obtained whith the
mixtures containing VT2-producing strains,
and on enriched MacConkey broth, were higher
than those with VT 1-producing strains. Those
results might depend on arandom enrichment,
that should be favourable for VT2-producing
strains, or might be related to pH variation
(23) that can occur on 18 h incubation peri-
ods, which could alter VT1.

Premier EHEC method has shown a sensi-
tivity similar to PCR technique, even though
one strain was positive by PCR and negative
by EIA. These contradictory results might be
due to repression of the verotoxin-codifying
genes or to structural differences of the ex-
pressed protein that could alter the binding to
specific receptors. This hypothesis is consist-
ent with the uninterpretable result obtained
by this strain in cell culture.

Besides, this technique does not require
skilled workers nor additional equipment to
that available in any laboratory. The sample
preparation is easy and does not need purify-
ing methods that are sometimes necessary to
remove PCR inhibition substances (25).

In contrast with PCR, the analyzed tech-
nique does not allow the identification of the
type of verotoxin produced, although the im-
portance of this is not determined.

Positive results obtained by cell culture
and EIA Premier EHEC methodologies are
concordant, although the theoretical sensitiv-
ity of the first method is higher for verotoxin
detection (1 pg and 7-15 pg, respectively)
(10). In comparison with cell culture, the re-
sults of EIA method are not subjective and we
have not had indeterminate results.

Besides, the diagnosis time of enzyme
immunoassay is outstandingly lower than that
of cell culture (it takes 18 h and 5 days,
respectively) and does not require special ma-
nipulation measures nor cabinet hoods to guar-
antee the sterility of cell cultures.

In conclusion, the technique analyzed in
this study has been useful for the detection of
verotoxin from isolated strains and from ex-
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perimentally performed stool samples. Its ra-
pidity, the objéctivity of the interpretation of
the results obtained, and its easy performance
make it an advantageous method compared
with cell culture and PCR.

References

1. Basta, M., Karmali, M., Lingwood, C. (1989).
Sensitive receptor-specified Enzyme-Linked
Immunosorbent Assay for Escherichia coli
verocytotoxin. J. Clin. Microbiol. 27, 1617-1622.

2. Blanco, J., Blanco, M. (1993). Escherichia coli
enterotoxigénicos, necrotoxigénicos y vero
toxigénicos de origen humano y bovino. Servicio
de Publicaciones de la Diputacién Provincial de
Lugo. Lugo. Spain

3. Centers for Disease Control. (1993). Update:
multistate outbreak of Escherichia coli O157:H7
infection from hamburguers-Western United
States, 1992-1993. Morbid. Mortal. Week. Rep.
42, 258-263.

4. Cone, R. W, Hobson, A. C., Huang, M. L. W.
(1992). Complified positive control detects inhi-
bition of polymerase chain reactions. J. Clin.
Microbiol. 30, 3185-3189.

5. Chart, H., van der Kar, N. C. A., Tolboom, J. J.
M., Monnens, L. M. H., Rowe, B. (1993).
Serological detection of verocytotoxin-produc-
ing Escherichia coli in patients with haemolytic
uraemic syndrome in Western Europe. Eur. J.
Clin. Microbiol. Infect. Dis. 23, 707-709.

6. Greatorex, J. S., Thorne, G. M. (1994). Humoral
responses to Shiga-like toxins and Escherichia
coli 0157 lipopolysaccharide in hemolytic-uremic
syndrome patients and healthy subjects. J. Clin.
Microbiol. 32, 1172-1178.

7. Griffin, P. M., Ostroff, S. M., Tauxe, R. V.,
Greene, K. D., Wells,J. G., Lewis, J. H., Blake, B.
A. (1988). Ilinesses associated with Escherichia
coli O157:H7 infections. A broad clinical spec-
trum. Ann. Intern. Med. 109, 705-712.

8. Karmali, M. A., Petric, M., Lim, C.,
Fleming, P. C., Arbus, G. S., Lior, H. (1985). The
association between idiopathic hemolytic uremic
syndrome and infection by verocytotoxin-pro-

10.

11.

12.

13.

14.

15.

16.

17.

18.

ducing Escherichia coli. J. Infect. Dis. 151, 775-782.
Karmali, M. A., Petric, M., Winkler, M.,
Bielaszewska, M., Brunton, J., van de Kar, N.,
Morooka, T., Nair, G. B., Richardson, S. E., Arbus,
G. S. (1994). Enzyme-Linked Immunosorbent as-
say for detection of Immunoglobulin G antibodies
to Escherichia coli vero cytotoxin 1. J. Clin.
Microbiol. 32, 1457-1463.

Kongmuang, V., Honda, T., Miwatani, T. (1987).
Enzyme-linked Immunosorbent Assay to detect
Shiga-like toxin of Shighella dysenteriae and re-
lated toxins. J. Clin. Microbiol. 25, 115-118.
Konowalchuk, J., Speirs, J. I., Stavric, S. (1977).
Vero response to a cytotoxin of Escherichia coli.
Infect. Immun. 18, 775-779.

Krishnan, C., Fitzgerald, V. A., Dakin, S. J.,
Behme, R. J. (1987). Laboratory investigation of
outbreak of hemorrhagic colitis caused by
Escherichia coliO157:H7.J. Clin. Microbiol. 25,
1043-1047.

March, S. B., Ratnam, S. (1986). Sorbitol
MacConkey medium for detection of Escherichia
coli0157:H7 associated with hemorrhagic colitis.
J. Clin. Microbiol. 23, 869-872.

Margall, N., Frias, C., Gaztelurrutia, L., Prats, G.
(1994). Hemolytic-uremic syndrome caused by
Escherichia coli O157:H7 verotoxin codifying
gene detection in a direct sample. Med. Clin. 104,
344-348.

Milley, D. G., Sekla, L. H. (1993). An enzyme-
linked immunosorbent assay-based isolation pro-
cedure for verotoxigenic Escherichia coli. Appl.
Env. Microbiol. 59, 4223-4229.

O’Brien, A. D., Newland, J. W., Miller, S. F.,
Holmes, R. K., Smith, H. W., Formal, S. B. (1984).
Shiga-like toxin converting phages from Es-
cherichia coli strains that cause hemorrhagic col-
itis or infantile diarrhea. Science 226, 694—-696.
Olsvik, @., Strockbine, N. A. (1993). PCR detec-
tion of heat-stable, heat-labile, and Shiga-like
toxin genes in Escherichia coli. In Persing, D. H.,
Smith, T. F., Tenover, F. C., White, T. J. (ed.),
Diagnostic Molecular Microbiology. Principles
and Applications, pp. 271-276. American Soci-
ety for Microbiology, Washington, D. C. ’
Pouch Downes, F., Green, J. H., Greene, K.,
Strockbine, N., Wells, J. G., Wachsmuth, I. K.
(1987). Development and evaluation of Enzyme-
Linked Immunosorbent Assays for detection of



404 FRIAS ET AL.

MicrosioLocia SEM

19.

20.

21.

22.

Shiga-like toxin I and Shiga-like toxin II. J. Clin.
Microbiol. 27, 1292-1297.

Prats, G., Frias, C., Margall, N., Llovet, T.,
Gaztelurrutia, L., Elcuaz, R., Canut, A., Bartolomé,
R. M., Torroba, L., Dorronsoro, I., Blanco, J.,
Blanco, M., Rabella, N., Coll, P., Mirelis, B.
(1996). Hemorrhagic colitis by verotoxigenic
Escherichia coli. Presentation of 9 cases. Enf.
Infecc. Microbiol. Clin. 14, 7-15.

Riley, L. W., Remis, R. S., Helgerson, S. D.,
McGee, H. B., Wells, J. G., Davis, B. R., Hebert,
R. ], Olcott, E. S., Johnson, L. M., Hargrett, N.
T.,Blake,P. A., Cohen, M. L. (1983). Hemorrhagic
colitis associated with a rare Escherichia coli
serotype. N. Engl. J. Med. 308, 681-685.
Sarkar, G., Sommer, S. S. (1990). Shedding light
on PCR contamination. Nature (London) 343, 27.
Strockbine, N. A., Marques, L. R. M., Newland, J.
W., Smith, H. W., Holmes, R. K., O’Brien, A. D.
(1986). Two toxin-converting phages from Es-
cherichia coli O157:H7 strain 933 encode anti-

23.

24.

25.

26.

genically distinct toxins with similar biologic
activities. Infect. Immun. 53, 135-140.

Tesh, V. L., Burris, J. A., Owens, J. W., Gordon,
V. M., Wadolkowski, E. A., O’Brien, A. D,
Samuel, J. E. (1993). Comparison of the relative
toxicities of Shiga-like toxins type I and type II
for mice. Infect. Immun. 61, 3392-3402.
Wiedbrank, D. L., Werner, J. C., Drevon, A. M.
(1985). Inhibition of PCR by aqueous and vitre-
ous fluids. J. Clin. Microbiol. 33, 2643-2646.
Wilde, J., Eiden, J., Yolken, R. (1990). Removal
of inhibitory substances from human fecal speci-
mens for deteccion of group A Rotaviruses by
reverse transcription and polymerase chain reac-
tions. J. Clin. Microbiol. 28, 1300-1307.
Yamada, S., Kai, A., Kudoh, Y. (1994).
Serodiagnosis by passive hemagglutination test
and verotoxin enzyme-linked immunosorbent as-
say of toxin-producing Escherichia coli infec-
tions in patients with hemolytic-uremic syndrome.
J. Clin. Microbiol. 32, 955-959.



MICROBIOLOGIA SEM 12 (1996), 405-410

Buffering capacity and membrane H* conductance of
Halobacterium halobium

Nidria Rius, José G. Lorén*

Departament de Microbiologia i Parasitologia Sanitaries, Divisié de Ciéncies de la Salut,
Universitat de Barcelona, Barcelona, Espafia

Received 12 March 1996/Accepted 17 May 1996

Summary

Buffering capacity and membrane H* conductance were measured in Halobacterium halobium
suspensions in the light and in the dark over a wide range of external pH. The values of both variables
for this archaeobacterium were significantly higher than those found for eubacteria in other reports.
It appears from our results that the special chemical composition of the cell envelope and the
movement of ions, mainly protons, may influence the magnitude of the buffering power and the H*
membrane conductance of these cells.

Key words: Halobacterium halobium, buffering capacity, H* conductance, halophilic bacteria,
membrane permeability

Resumen

En este trabajo determinamos la capacidad de tamponamiento y la conductancia de la membrana
a los protones de suspensiones de Halobacterium halobium iluminadas y en la oscuridad en un
amplio rango de pH externos. Los valores de ambas variables para esta arqueobacteria fueron
significativamente superiores a los encontrados para eubacterias en otros trabajos. De nuestros
resultados se desprende que la especial composicién quimica de las envueltas celulares y el
movimiento de iones, principalmente protones, puede influenciar la magnitud de la capacidad de
tamponamiento y de la conductancia de la membrana de estas células a los protones.
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Introduction

The extremely halophilic bacterium Halo-
bacterium halobium, which thrives in nearly
saturated salt solutions (5), possesses a thin,
very fragile cell envelope which is composed of
an S layer and an inner membrane structure. The
cell envelope consists of 75% of highly acidic
proteins and 25% of lipids (2, 7). H. halobium
also develops purple membranes on its cell en-
velope. The purple color of the membranes is
due to the protein-linked chromophore all-trans-
retinal. These membranes function as a light-
activated proton pump to mediate photophos-
phorylation and they are composed of two rho-
dopsin-like proteins, bacteriorhodopsin and hal-
orhodopsin, and various polar lipids derived
from isopranyl diethers (18). Studies on bacteri-
orhodopsin and halorhodopsin indicate that they

Red membrane

Cell wall

Purple membrane

function as light driven proton and chloride
pumps, respectively. Bacteriorhodopsin converts
light energy into an electrochemical potential
difference of protons across the membrane of the
cells. This proton gradient directly drives ATP
synthesis (Fig. 1) (1,19, 20).

The buffering capacity is the amount of pro-
tons that can be neutralized. It has two compo-
nents: the buffering capacity of the cell surface
(Bo) and the cytoplasmic buffering capacity (Bi).
The membrane H* conductance is the rate at
which proton can transverse a membrane. Since
both the special chemical composition of the cell
envelope and the proton translocating capacity
of bacteriorhodopsin may influence the magni-
tude of buffering capacity and membrane con-
ductance to protons, it was of interest to deter-
mine both values for H. halobium in the light and
in the dark.

ATPase

FIG. 1. Scheme of protons transport across the membrane of Halobacterium halobium. Based on Ronald M. Atlas
(1988), Microbiology: Fundamentals and Applications, p. 142. MacMillan Pub. Co., New York.
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The experiments reported here provide quan-
titative estimates of buffering capacities and
membrane conductance to protons over a wide
range of pH (5.3 to 8.3) of H. halobium suspen-
sions. This bacterium, both in the light and in the
dark, presented higher values of these variables
than any of the bacterial species studied (3, 4, 10,
12, 13, 14, 15, 16, 17, 21).

Material and methods

Bacterial strain and growth conditions.
Halobacterium halobium CCM 2090 was used
in these experiments. Cells were grown with
vigorous shaking in M, medium (8). They were
kept as agar slope cultures stored at 4°C.

Chemicals. Valinomycin and carbonic

15,000

Light

12,000+

9,000

6,000+

3,000

Buffering power (nmol H* / pH unit/mg prot)

pH

anhydrase were from Sigma Chemical Co. All
other chemicals were obtained from commercial
sources. Valinomycin was used at a final con-
centration of 10 uM and added to cell suspen-
sions as small volumes of concentrated stocks in
acetone; final acetone concentrations did not
exceed 0.2%. Carbonic anhydrase was prepared
at 20 mg/ml in 3 M KCL

Preparation of non-proliferating cell sus-
pensions (NPC). Cells were harvested in the
early stationary phase of growth and washed
three times in 3 M KCI. The washed cells were
treated with 3 mM EDTA in 3 M KClI (12) and
resuspended in 3 M KCl to a final concentration
of 0.5 to 2.5 mg of cell protein per ml. Light
samples were illuminated with a 100 W lamp
(light intensity 2 x 10° ergs cm™ s7!). Dark
samples were kept in the dark for the time re-

30,000

A Dark

25,0001

20,0001

15,0001

10,000 4

Buffering power (nmol H*/ pH unit/mg prot)

5,000+

0

6 657 758 85 9
pH

T 1
45 5 55

FIG. 2. Buffering capacity of the external surface (Bo) and total buffering capacity (Bt) of Halobacterium halobium

suspensions in the light and in the dark.
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quired for collection of data (several hours). The
temperature of samples was 25-30°C, both in
the light and in the dark.

Measurement of cell protein. Protein con-
tent was determined according to the method
described by Lowry et al. (9).

Measurement of buffering capacity and
membrane H* conductance. Experiments were
conducted on 7-ml samples of cell suspensions
in 10-ml glass vials, which were magnetically
stirred. The buffering capacity and membrane
conductance to H* of these bacteria were meas-
ured by an acid-pulse technique, as described
and discussed elsewhere (10, 12, 13, 14, 15, 16,
17). Buffering capacity and membrane H* con-
ductance are presented as functions of external
pH. The smooth curves that describe the behav-
iour of these variables were obtained from a
polynomic regression.

Results

Buffering capacity and membrane conduct-
ance to protons of Halobacterium halobium CCM
2,090 were measured in the region pH 5.3 t0 7.8
in the light. The pHrange studied for titrations of
the cells in the dark was 5.3 to 8.3.

Fig. 2 summarizes measurements of Bo (buff-
ering capacity of the cell surface) and Bt (total
buffering capacity) as a function of pH for both
suspensions studied. Illuminated cells presented
a maximum value of Bo of 9,809 nmol H*/pH
unit per mg of protein at pH 5.3 and a minimum
value of 2,352 nmol H*/pH unit per mg of protein
at pH 7.8. The Bt value of these suspensions at
pH 5.7 was 11,920 nmol H*/pH unit per mg of
protein, and Bt at pH 7.8 it was 3,627 nmol H*/
pH unit per mg of protein. The suspensions of
H. halobium in the dark presented higher values
of Bo and Bt than those found for the illuminated
suspensions. H. halobium in the dark had a maxi-

mum value of Bt of 26,514 nmol H*/pH unit per
mg of protein at pH 5.9 and a minimum value of
Bt of 2,837 nmol H*/pH unit per mg of protein at
pH 8.3.

Values for the cytoplasmic buffering capac-
ity (Bi) were calculated from smooth curves that
describe the behaviour of Bo and Bt and are
shown in Fig. 3. Cells in the dark exhibited Bi
values that were 6-fold those of cells in the light
in the acidic range of pH. Illuminated cells pre-
sented a maximum value of Bi of 5,473 nmol H*
/pH unit per mg of protein at pH 7.35. Cells in the
dark had a maximum value of Bi of 10,952 nmol
H* /pH unit per mg of protein at pH 5.9.

Fig. 4 shows that illuminated suspensions of
H. halobium exhibited values of membrane con-
ductance to protons (C* ) from 20.9 to 27.9 nmol
H* /s per pH unit per mg of protein in the region
pH 5.3 to 7.4 (data from the smooth curve).
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FIG. 3. Cytoplasmic buffering power of Halobacterium
halobium cells.
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FIG. 4. Membrane H* conductance of Halobacterium halobium in the light and in the dark.

AbovepH7.4C" _ofthese suspensions decreased
to 7.9 at pH 7.8. Passive proton conductance of
suspensions of H. halobium in the dark, as well
as buffering capacity, was sensitive to the abso-
lute external concentration of protons. These
suspensions had a maximum value of C*_of 67.8
nmol H*/s per pH unit per mg of protein at pH 5.9
and a minimum value of C¥ _of 4.4 nmol H*/s per
pH unit per mg of protein at pH 8.3.

Discussion

The results reported here give an estimate of
the buffering capacity and membrane H* con-
ductance of H. halobium under illumination and
in the dark. The most important finding was the
observation of significantly higher values of
these variables in H. halobium than in any

eubacteria studied. (3, 4, 10, 12, 13, 14, 15, 16,
17, 21). These high differences could be due to
different factors: (1) the special cell envelope
structure which consists of 75% of highly acidic
proteins and 25% of lipids; (2) the acidity of
ribosomal proteins, and (3) the high intracellular
salt concentration (2, 5, 7).

H. halobium cells in the dark exhibited high-
er values of buffering capacity and H* membrane
conductance than illuminated cells. It has been
shown that light induced a net outward proton
translocation from the cells and that the release
of protons from the cell in every photocycle in
cell suspensions depended on pH values. Very
closely related to proton translocation were the
light-induced pH changes of the medium. The
complex kinetics seen in cell suspensions may
be due in part to the presence of another light-
driven ion pump, halorhodopsin, and gated ion
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channels (6, 11, 19). Our results suggest that the
movement of ions, mainly protons, across the
cell envelope of H. halobium influenced the
buffering capacity and H* membrane conduct-
ance values for illuminated cells, diminishing
them. Therefore, the results obtained for H. halo-
bium cells in the dark reflected well the buffer-
ing power and the passive proton conductance of
this archaeobacterium.
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Summary

The production of lactic acid, lactic acid dehydrogenase (LDH) and single cell protein (SCP) from
dried whey by fermentation with Lactobacillus delbrueckii subsp. bulgaricus 369 was investigated.
A medium consisting of dried whey and supplements which enabled exponential growth of the
organism was developed. Maximum lactic acid production was achieved using enriched whey
(8% wl/v), at pH 5.5 for 24 h. Addition of yeast extract plus MnCl, gave the highest production of
lactic acid (1.71 g/1-h), specific activity of LDH (1.03 U/mg protein) and SCP (32.8%). In batch
culture, the addition of 20 g/l glucose plus 0.75 g N/1, as (NH,),SO,, achieved the highest enzymatic
activity. By contrast, when xylose and cellobiose were used as a source of fermentable carbohydrates
all variables were repressed.

Key words: Lactobacillus delbrueckii, lactic acid, lactic acid dehydrogenase (LDH), dried whey,
single cell protein (SCP)

Resumen

Se ha estudiado la produccién de acido lactico, dcido lactico deshidrogenasa (LDH) y proteina
unicelular (PUC) a partir de suero de queso por fermentacién con Lactobacillus delbrueckii
subsp. bulgaricus 369. Se disefi6 un medio de fermentacién que contenia suero desecado y
suplementos, el cual permiti6 el crecimiento exponencial del organismo. La maxima produccién de
dcido lactico se consiguié usando suero enriquecido (8% p/v), a pH 5,5 durante 24 h de incubacién.
La adicion de extracto de levadura mds MnCl, dio los valores mds elevados de dcido ldctico
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(1,71g/1'h), de actividad especifica de LDH (1,03 U/mg proteina) y de PUC (32,8%). En cultivo
discontinuo, la adicion de 20 g/l de glucosa mds 0,75 g N/, en forma de (NH,),SO,, consigui6 la
actividad enzimatica mds alta. En contraste, cuando se utilizaba xilosa o celobiosa como fuente de

carbohidratos fermentables fueron reprimidas todas las variables del cultivo.

Introduction

Lactic acid (LA) is considered to be an impor-
tant product in pharmaceutical and cosmetic indus-
tries (19). Krische et al. (11) reported that LA is a
useful compound in the food industry as a biologi-
cally produced acidulent and preservative. LA can
be made from glucose, sucrose, cereals and agri-
cultural wastes, which are all reducible to mono-
saccharides by lactic acid bacteria (i.e. Lactobacillus
delbrueckii), with low productivity (10). An addi-
tional problem in LA fermentations is the require-
ment of the bacteria for several growth factors.
Therefore, the productivity and substrate conver-
sion of the process depend on the composition of
the medium (1, 5, 17). Much effort has been put
into the optimization of LA production. Melzoch
and Konopaskova (14) have proposed that the
highest LA productivity was that of 9.6 g/1-h by
Lactobacillus acidophilus, in continuous culti-
vation under aerobic conditions, whereas by us-
ing batch culture system LA productivity was
4.0 g/1-hfor Lactobacillus amylovorus (22). Whey
powder from bovine milk is a convenient raw
material for LA fermentation, since it contains a
high concentration of lactose (65%) and protein
(13%). The present research was a trial to im-
prove the quality of dried whey for production of
LA, lactic dehydrogenase (LDH) and single cell
protein (SCP) by L. delbrueckii.

Methods' -

Organism and incubation. The bacterium
used throughout the present work was isolated

[al TR TR
wnlie

from whey and identified as Lactobacillus
delbrueckii subsp. bulgaricus No. 369 by CRNZ
(France). Stock cultures were maintained on
nutrient agar slopes at 4°C. Active cultures for
inoculation were prepared by growing the
organism on MRS medium (13). This medium
contained 10 g peptone, 10 g beef extract, 5 g
yeast extract, 20 g lactose, 1 ml Tween 80, 2 g
K,HPO,, 5 g sodium acetate-3 H,0, 2 g tri-am-
monium citrate, 0.2 g MgSO,-7 H O, and 0.2 g
MnSO4-4 H,0, in 1 liter deionized water. The
initial pH was adjusted to 6.2. Culture flasks
were agitated for 24 h at 37°C.

Culture medium. Dried whey from bovine
milk was purchased from Sigma (St. Louis, MO,
USA). It contained 65% (w/w) lactose, 13%
protein and 2% LA.

Deproteinized whey solutions were prepared
as described previously (8) and supplemented,
unless otherwise indicated, with: yeast extract
(Difco), 20 g/1; KH,PO,, 5 g/1; (NH,),SO,, 1 g/1;
MgSO,-7 H,0, 5 g/l; and MnCl,, 2 g/l. Cultiva-
tion was performed in 250 ml Erlenmeyer flasks
(equipped with a rubber septum and screw caps)
containing 100 ml of the cultivation medium,
autoclaved for 20 min at 121°C. Cultures were
inoculated with 2% v/v of a preculture at the
final exponential phase, and incubated at 40°C.

Growth measurements. Cell concentrations
were estimated by measuring optical density
(OD) at 600 nm and relating the readings to
biomass dry weight with a calibration curve.

Analyses. Lactose was determined enzymati-
cally according to Bergmeyer (4). LA was mea-
sured by titration with NaOH, using bromethymol
blue as the indicator.
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LDH activity was estimated by measuring
the rate of reduced nicotinamide adenine
dinucleotide (NADH) oxydation at 340 nm. The
decrease of absorbance (A,
minute. The standard assay mixture contained
(in a total volume of 3 ml): 0.1 M phosphate
buffer pH 6.9; 0.1 mM NADH; 8 mM sodium
pyruvate; and 0.05 ml enzymatic extract. Enzy-
matic extract was diluted to get absorbances
lower than 0.08/min. One unit of enzyme activity
is defined as a rate of 1 mM of NADH oxidation
per min. Specific activity was expressed as U/mg
protein.

Protein content in the supernatant was deter-
mined by the method of Lowry et al. (12), with
bovine serum albumin as standard, and in whole
cells by the microkjeldahl method (3). Protein
hydrolysate amino acids were determined by an
amino acid analyzer (6).

Results and discussion

Upon increasing the concentration of whey
from 2 to 8% (w/v), the biomass of L. delbrueckii,
(SCP), LA production, specific activity of LDH
and lactose utilization increased. Above 8%,
there was a drop in all these variables.

The growth and LA concentration by
L. delbrueckii in batch culture, at controlled pH
varying from 3.5 to 6.5 by using 1 N HCl or IN
NaOH, are shown in Fig. 1. It was found that pH
affects the growth curve of L. delbrueckii only
after the exponential growth phase (Fig. 1A).
During this period, the death rate increased at
higher pH values. The death phase occurred in
culture media where LA concentration was high-
er than 27 g/l (Fig. 1B). This observation was
found for all pH values. Therefore, the increase
in death rate could be mainly due to autodiges-
tion or to LA toxicity (17). It is also known that
the concentration of products often exerts an
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FIG. 1. Batch culture in the whey medium at different
pH values. (A) Biomass production. (B) Lactic acid
production. All data are average values from three repetitive
experiments.

influence on the fermentation pattern (23). Max-
imum yield of SCP is influenced by the pH of
culture medium. All variables increased linearly
with the increase in pH through the range 3.5 to
6.5 (Fig. 2). These results are in agreement with
those obtained with L. bulgaricus 2217 (16), but
differ from those of L. helveticus and L. casei
(11, 17). An initial pH value of 5.5 was selected
for subsequent experiments because death rate is
higher with pH 6.5.

The type and concentration of fermentation
products of homofermentative lactic acid bacte-
ria is known to be highly dependent on culture
conditions (7, 18, 20). In batch experiments
several supplements for culture media were test-
ed. Because nitrogen content of whey is low
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FIG. 2. Effect of pH on LA production, LDH synthesis,
lactose utilization and SCP production in batch culture of
whey medium. All data are average values from three
repetitive experiments.

(approximately 2.1%) for producing sufficient
biomass, different nitrogen sources were added
to the whey medium, each one in a concentration
of 50 mg N/100 ml medium; pH was adjusted to
5.5. It was found that (NH,),SO, offered the best
fermentation yields, with increases of LA pro-
ductivity (1.5 g/1-h) and specific activity of LDH
(0.93 U/mg protein), correlated with high SCP
(23.9%; g/100 ml). Ammonium chloride, sodi-
um nitrate and urea repressed LA production.
None of the tested amino acids was able to
enhance LA synthesis. These results are differ-
ent from those obtained by Mistry et al. (15),
who reported that non essential amino acids as a
group were more stimulatory for acid produc-
tion than essential amino acids. However, lactic
acid bacteria are known as very fastidious con-
cerning their nutritional requirements, especial-
ly for nitrogen (2). However, lactobacilli have a
complex requirement for manganese, which was
proved to be an essential growth factor because
of its role as constituent of lactate dehydroge-
nase (11).

Addition of tryptone and casitone showed

growth-stimulating activity. Yeast extract (5 g/1)
and MnCl, (Mn**; 0.22 mM) proved to be an
effective source of nitrogen/growth factor (LA,
41.0 g/l; specific activity of LDH, 1.03 U/mg
protein; SCP, 32.8%). The growth-promoting
effect of yeast extract has been investigated by
Aeschlimann and Stockar (1), who reported on
optimum concentration of 10 g/l for a strain of
L. helveticus, while the best growth of L. casei in
a short cultivation time occurred with a combi-
nation of yeast extract and hydrolyzed reten-
tate (11).

The fermentation process was directed to
improve the production of SCP, together with
the improvement of whey assimilation for LA as
well as LDH production. A complex medium
was tested with increasing amounts (0.25; 0.50;
0.750r 1.0 g/1) of (NH,),SO, as a nitrogen source.
Glucose, xylose or cellobiose were added at 10,
20 or 30 g/l concentration, respectively. Fig. 3
shows that L. delbrueckii produces the highest
amount of LA (56 g/l) from glucose and
(NH,),SO,, in a C/N ratio of 20 g/l to 0.75 g/l.
However, the LDH activity increased markedly
in accordance with the initial glucose concentra-
tion. When the glucose concentration changed
from 10 to 20 g/l, the LDH activity increased
from 0.84 to 1.24 U/mg protein, and a good yield
(48.6%) of SCP was obtained. High concentra-
tions of glucose (30 g/l) seem to repress the
synthesis of LA and LDH during fermentation
under the prevailing experimental conditions.
These findings are in accordance with those
found in Clostridium thermohydrosulfuricum (9)
and Lactobacillus amylovorus (22).

On using xylose and cellobiose as carbon
sources, the fermentation yields decreased.
Westby et al. (21) confirmed that Lactobacillus
plantarum NCIMB 8026 grows on pentose only
in the presence of glucose.

The good nutritional quality of the tested
bacterium proteins had been assessed through
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FIG. 3. Production of LA (O), LDH activity (®), SCP (A) and biomass () by L. delbrueckii at different C/N ratios.

the chromatographic analysis of their amino acid
constituents. Fifteen amino acids were detected
in adequate levels. The tested proteins have a
profile that compares with the FAO reference
with regards to isoleucine (4.2 g/100 g). Rela-
tively higher amounts of leucine (11.4; g/100 g)
lysine (10.2 g/100 g), methionine (5.7 g/100 g),
phenyl alanine (4.9 g/100 g) and threonine
(5.3 g/100 g) were detected. The tested protein
sample proved to be rich in the acidic amino
acids: glutamic and aspartic acids (5.8 and 8.9
g/100 g, respectively). These results revealed a
marked improvement in nutritional value of
whey. In this respect, it should be emphasized

that the first indicator of the nutritive potential of
a SCP product is its chemical analysis, which is
followed by biological testing with small ani-
mals and then large ones to ascertain non-toxic-
ity, digestibility, fair energy output, desirable
protein and fat contents, and inclusion of indi-
vidual amino acids.
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Effect of heavy metals on soil denitrification and CO,
production after short term incubation
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Summary

The toxicity of three heavy metals, Cd, Zn and Cu, has been tested in a Mediterranean soil. The
soil was incubated (108 h) with mixed solutions of those metals before evaluating denitrification and
CO, production, both by gas chromatography. These activities were used as biological indicators of
heavy metal toxicity, and compared to non-treated control soil samples. Statistical analyses showed
no significant differences in CO, production between treated and non-treated control soils. The
lowest levels of respiration were observed in soils treated with the largest amounts of Zn and Cd.
Denitrification increased significantly in soils treated with solutions containing 100 pg/mlof Cu and
1000 pug/ml of Cd or Zn.

Key words: heavy metals toxicity, denitrification, soil respiration, soil microbiota, statistical
analysis

Resumen

Se ha ensayado la toxicidad de tres metales pesados (Cd, Cu y Zn) en un suelo mediterraneo. Tras
la incubacién (108 h) del suelo con soluciones mixtas de dichos metales, se evalud, mediante
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cromatografia de gases, la desnitrificacién y la produccién de CO,. Dichas actividades se utilizaron

como bioindicadores de la contaminaci6n, y se compararon con controles no tratados. En el caso de

la produccién de CO,, no se han encontrado diferencias significativas entre los distintos tratamientos

y el control. Los menores niveles de respiracion edéfica se observaron en los tratamientos con

mayores concentraciones de Zn y Cd. La desnitrificacién aumenté significativamente en los
tratamientos con 100 pg/mlde Cuy 1000 pg/ml de Cd o Zn.

Introduction

Heavy metals in high concentration are toxic
to organisms. Soil microorganisms are not dif-
ferent in this respect; heavy metals affect micro-
bial growth and survival, and can induce a natu-
ral resistance in bacteria (15). Nowadays, heavy
metal contents in soil are the result of natural
concentrations plus accumulated pollutants. The
presence of those elements in fungicides affect
agricultural soil management, which also con-
cerns many industries that, as a matter of course,
must handle their sewage sludges (1). Neverthe-
less, data of the maximum permissible limits for
heavy metals concentrations in soil are still
scant. Due to the noxious effects of heavy metals
on crop yield, among other things, those limits
should be determined according to a directive
from the Commission of European Communi-
ties (11).

Different aspects of heavy metal toxicity to
the microorganisms involved in soil dynamics
have been reviewed earlier by Marks et al. (26),
Brookes et al. (8, 9) and Lorenz et al. (25). An
approach based directly on microbiological re-
sponses has been proposed for evaluating bio-
logical toxicity (23, 34). Since nitrogen cycling
processes (22) are good biological indicators of
heavy metal toxicity, they have been studied for
this purpose, and nitrogen processes in soil have
attracted particular interest. Previous studies
focused on the effect of a single heavy metal in

solution, when added at different times during a
long term incubation. However, few studies per-
formed short term incubation using a single mixed
heavy metal solution that is added at one time to
see its immediate effects in Mediterranean soils.
This information would help to identify the most
resistant bacteria to toxicity; CO, production and
denitrification are considered to be good toxicity
indicators in this kind of studies.

This work gives an experimental basis for the
definition of the limits of tolerance of heavy
metals in soil. Nowadays, this information is
crucial for international organizations in chang-
ing the designing of prevention policies for envi-
ronmental pollution. Both the heavy metals and
the general variables selected to assess the heavy
metals toxicity on the biological activity of soil
were carefully chosen.

The aim of this paper is to study the effect of
asingle addition of a mixed heavy metal solution
to a characterized Mediterranean soil, on
denitrification and CO, production after a short
term incubation.

Material and methods

Soil. Seven soil samples were taken from a
Quercus ilex subsp. ballota grove near Madrid.
Atmospheric deposition is the main source of
heavy metals in these soils. Sampling was done
to a depth of 15 cm in September 1993. All soil



Vor. 12, 1996

EFFECT OF METALS IN SOIL 419

samples were mixed, sieved (<2 mm) and then
stored in the dark at 4°C. Texture was determined
following the Bouyoucos method (7); pH was
determined in distilled water:soil 1:1, with a
Beckman 12 P/N 123134 pHmeter and a Radio-
meter GK 2401 electrode. Total nitrogen and
ammonium were determined by the Jaworski
colorimetric method (19, 20, 32), after a
Kjeldahl digestion or with a KC12M extraction
solution (33), respectively. Nitrates [following
Milham et al. (27)] were determined with a
Crison digit 501 mV/pHmeter and specific
electrodes. Organic carbon was determined
following the modified Walkley and Black
method (38). As a result, the soil was
characterized as having: 7.30 £ 0.01 pH, 1.84
+ 0.04 % organic carbon, 12.5 + 0.22 total
nitrogen mg/g of soil, 2.68 = 0.31 N-
ammonium pg/g, 1.53 £ 0.14 N-nitrate ug/g,
and 1.6 (ml:g) water holding capacity (WHC).

Experimental design. Three heavy metals
were assayed, (Cu, Zn and Cd) as CuSO,, ZnSO,
and CdCl,. Mixed solutions were made in differ-
ent proportions (in mg/ml, Cu:Cd:Zn): T,
10:100:1000; T, 100:10:1000; T,, 10:1000:100;
T,, 1000:100:10; T,, 100:1000:10; T,
1000:10:100. Each solution constituted one treat-
ment. Each of the six treatments plus its con-
trol were performed in triplicate. 100 g of
sieved soil (<2 mm) was brought to 100%
WHC in 250 ml hermetic flasks with a sili-
cone septum, with the corresponding treat-
ment solution or with distilled water in the
control sample. The incubation was carried
out at 25°C, in the dark.

CO, and N, O production, as respective indi-
cators of total biological activity and denitrifica-
tion, were determined by the acetylene inhibi-
tion method (39), under the conditions given in
Vinther (36) and modified by Llinares et al. (24).
Glucose (4 g/100 g of soil) was added as a source
of carbon. Water saturation allowed the coexist-

ence of aerobic and anaerobic microenviron-
ments, while carbon was a substrate that opti-
mized microbial denitrification (17, 28, 31, 37).
A KNK-3000 HRGC gas chromatograph,
equipped with a thermal conductivity detector
(KNK 019-501), was used to determine CO, and
N,O production every 12 h for 108 h.
Statistical analysis. Regression curve slopes
ANOV As (35) were done for CO, and N, O pro-
duction for each treatment and control. A unidi-
rectional ANOVA with replicates was done for
the net total amounts of N,O and CO, after 108 h
incubation. If the ANOVA results showed sig-
nificant differences, averages were compared with
an Least Significant Difference (LSD) analysis.

Results and discussion

Many reports on heavy metal toxicity refer to
soils of different climatic regions (21), but little
is known about Mediterranean soils. The infor-
mation from other soils can not be extrapolated
to Mediterranean soils because they have differ-
ent metal buffering capacities and, consequently,
different metal bioavailabilities (16). Besides,
most of the existing articles reported the effects
of metals added, either as a single dose or in
successive additions of small doses.

The basic difference between these two meth-
ods of addition has been discussed. Elsewhere
soil pollution is a more or less continuous diffu-
sion process, while metals are often added in-
stantaneously in a single dose. Since our aim was
to study the short term inhibition effects of
metals, additions were made at one time in labo-
ratory experiments. Other studies have shown
that serial additions of heavy metals in small
doses have a stronger inhibitory effect on soil
respiration than addition at a single time (16).
This suggests that our results probably underes-
timate the in vivo effect.
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Another question is that metal pollution in
the field is usually due to more than one metal
(2). Combinations of three metals in different
concentrations have been assayed in our experi-
ments. These concentrations have been chosen
in accordance with reports on sludges and soils
studied by different authors (12, 29, 30). Never-
theless, and as Angle et al. (1) have pointed out,
the effect of heavy metals depends not only on
their concentrations but mainly on their avail-
ability; pH and cation exchange capacity play an
important role (4). The experimental determina-
tion of the effects of adding specific concentra-
tions of heavy metals to soils is a complex
process, because any soil characteristics will
modulate metal availability and toxicity.

There were significant differences in the
ANOVA slopes for N,O production (F = 6.29,
df=6.42, P <0.05), and in the ANOV A for total

N,O production (F = 14.75, df = 6.14, P <0.01),
due to treatments. All LSD interactions for the
ANOVA slopes are significant. The LSD results
for the total N,O production appear at the bottom
of Table 1.

Little is known about the effect of heavy
metals on denitrification, perhaps because the
results are difficult to interpret (13). Our results
show that only treatments T, and T, produced
significant differences with respect to the controls
(higher values than controls). Both treatments have
the same Cu concentration (100 pg/ml). This sug-
gest that Cu in concentrations around 100 pg/ml
permits denitrification or biosynthesis of the
enzymes involved in the process, and indicates
that Cd and Zn are not toxic at those concentra-
tions. It is important to point out that nitrate
reductase of some denitrifying bacteria contains
Cu* (10).

TABLE 1. N,O values (means * standard error) obtained each 12 h for 108 h of incubation (nmol per g
of soil per hour). LSD tests did not show significant differences in treatments with the same letter
(a or b) at the bottom line

Time Treatments
(h) T, T, T, T, T, T, C
12 NA* NA NA NA NA NA NA
24 8.34+0.00 10.42+0.00 NA NA 12.14 £0.00 9.06 £0.00 10.09£0.71
36 10.20£0.06 13.92+0.35 2.20%£0.16 1.56+0.15 14.30+0.31 11.24+0.00 11.17£0.01
48 12.22+0.38 1596+0.10 3.31+0.23 16.00+12 16.21+£0.21 12.94+0.06 12.30%0.01
60 4845+3.8 61.13+12 50.74+64 5470+3.3 90.00+15 2530£2.6 39.00+5.7
72 56.30+4.0 80.39+t99 51.77+22 6043%+54 97.18+x15 3230%2.2 4550%6.3
84 7224+7.0 107.75+16 52.98%+73 70.64+48 132.64%x19 5390+7.9 47.90%5.0
96 92.02+27 115.11%£23 7456+2.1 78.80%£5.9 14567+24 5622+21 5520%6.7
108 104.60 £23 214.76+24 110.80+4.9 117.67+29 22330%41 61.42+0.00 92.43+0.00
LSD a b a a b a a

* NA, not available.
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All the treatments produced significantly dif-
ferent ANOVA slopes. The T, and T, treatments
have the highest growth rate; the T, and T,
treatments the lowest; and T, T6 and control
treatments have similar intermediate rates. Due
to the lack of literature on the effect of heavy
metals on denitrification, it is difficult to com-
pare our data with those of other authors. Bollag
and Barabasz (6) assayed single doses of Cd, Cu,
Zn and Pb on sandy soils at pH 6.9. They found
Cd to be the most active inhibitor. In our study,
treatments with the highest concentrations of
this metal presented either no inhibition (T,) or
an activation (T,) when compared with the non-
treated controls. Perhaps this toxic effect of Cd
on denitrification could be due to a drop in the
production of a substrate necessary for the proc-
ess. This could be related to alterations in other
steps in the cycle, such as nitrogen fixation and
nitrification; that is to say, to disfunctions in the
cycle. For this reason, the effects on de-
nitrification might be cancelled in long-term
incubations. Modifications in the nitrogen circu-

lation rates have been demonstrated: accelera-
tion or deceleration depend on the concentra-
tions of different heavy metals (2). Also the
effects of soil characteristics on heavy metal
solubilization could affect denitrifying popu-
lations in different ways.

The results of CO, production appear in Ta-
ble 2. Neither the CO, production ANOVA slopes
(F=2.61, df=6.42, P <0.05) nor the total CO,
ANOVA (F =2.26, df = 6.14, P <0.05) showed
significant differences.

Soil respiration is one of the most studied
variables in relation to heavy metal toxicity. In
our experiments, three treatments (Tl, T3 and TS)
seem to have an inhibitory effect on soil respira-
tion, but there were no significant differences
with respect to the controls. These treatments
have the highest combination of Cd and Zn,
while their Cu concentration is lower (10 or 100
ptg/ml). Many authors such as Premi and Corn-
field (29), Bhuiya and Cornfield (5) and Doelman
and Haanstra (16), have pointed out that the
inhibitory effect of this metal appears at higher

TABLE 2. CO, values (means + standard error) obtained each 12 h for 108 h of incubation
(nmol per g of soil per hour). Every value should be multiplied by a 107? factor

Time Treatments

(h) T, T, T, T, T, T, C
12 0.80£0.09 1.04+£0.12 0.96+0.04 1.26+0.10 0.79+0.08 1.24%£0.10 0.98+0.07
24 1.61%x0.01 2314023 1.76%+0.15 232+0.26 1.65+0.20 2.37+0.20 2.00+0.20
36 3.17+0.81 4.70%1.2 1.84+020 580+046 331+1.1 6.33+095 4.00+0.30
48 26.29t4.1 4331%58 32.70+0.86 42.14+1.9 2949+34 4426%53 36.09%3.2
60 4573+32 6872+10 54.81+2.8 7047+1.6 51.10+64 46.00£3.6 61.92+7.2
72 66.70 £ 3.1 95.73+7 66.53+0.78 7598+4.8 56.60+8.8 80.93+84 71.30%£9.0
84 10537+3.1 11896+6 102.40+0.86 125.01+6.4. 87.16 12 119.79+13 104.12+ 10
96 106.06+2.4 1343111 10695+3.2 12638+23 90.54+18 132.00%+17 11643+ 16
108 111.92+10 13536+ 11 124.62+3.2 14993+6.3 10543+ 11 14551+£20 153.92+0.0
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concentrations. That is why we conclude that Cd
and Zn are responsible for the inhibition found
here. Other authors found these metals not so
toxic as our results suggest. Clay is an abiotic
factor that was found to be the dominant one in
decreasing the toxicity of Cd, and, to a lesser
extent, that of Zn. This agrees with Babich and
Stotzky (3), who reported that the toxicity of Cd
(which was measured as the growth rate of sev-
eral fungi in soil) decreased with increasing
montmorillonite content. This conclusions were
based on studies of soils with higher contents of
clay than the soil used in our work. The second-
ary abiotic factor which decreased Cd toxicity
was the organic matter content. Due to its ex-
treme diversity, the effects of organic matter on
heavy metals in soil are difficult to predict (18).

The CO, formation rates do not show any
significant differences (ANOVA slope). Baath’s
results (2) seemingly contradict ours, but this
difference could be related to soil characteris-
tics, such as pH and cation exchange capacity,
and the reactions of the microorganisms. One of
the factors mainly affecting heavy metal soil
toxicity is pH. The pH of the soil assayed by us
is higher than that in the soils studied by Baath’s,
and favours metal binding. Additionally, heavy
metal bioavailability can change in the course of
an experiment, as a result of changes in soil pH
or in microorganisms metabolic activity. Our
results also differ from those reported by Doelman
and Haanstra (16), who related a decrease in soil
CO, emission to an increased incubation time.
This findings could be related to two factors: (i)
a fall in the amount of organic matter in the
course of the incubation, and (ii) the survival of
a few microorganisms able to live in the pres-
ence of a given concentration of heavy metals.
Nevertheless, our results on CO, emission are
similar to those results reported by Cornfield (14).

From our data, it may be concluded that the

inhibitory effects of Cd, Cu and Zn affect more
than one step of the nitrogen cycle. Modifica-
tions of denitrification rates may be the results of
the effect of these metals on the first steps of the
nitrogen cycle. The heavy metals that have been
assayed do not clearly affect soil respiration.
However, 108 h after adding heavy metals to the
soils, respiration tends to drop. Abiotic factors
probably affect the toxicity of heavy metals in
these processes, but the interaction between the
factors may have unpredictable effects on the
global biological activity.
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batches using sepiolite of different particle size
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Summary

The addition of support materials, such as sepiolite, to fluidized-bed anaerobic digesters
enhances the methane production by increasing the colonization by syntrophic microbiota. However,
the efficiency in the methanogenesis depends on the particle size of the support material, the highest
level of methane production being obtained by the smaller particle size sepiolite. Because of the
porosity and physico-chemical characteristics of these support materials, the anaerobic microbial
consortia formed quickly (after one week of incubation). The predominant methanogenic bacteria
present in the active granules, detected both by immunofluorescence using specific antibodies and
by scanning electron microscopy, were acetoclastic methanogens, mainly Methanosarcina and
Methanosaeta.

Key words: methanogenic bacteria, anaerobic digestion, sepiolite, fluidized-bed digesters,
biofilms

Resumen

Se ha determinado que la adicién de un soporte mineral, como la sepiolita, a digestores de lechos
fluidificados incrementa la produccién de metano debido a un favorecimiento de la colonizacién de
la microbiota sintréfica. Sin embargo, la eficiencia de la metanogénesis depende directamente de la
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granulometria del material soporte (sepiolita); los mejores rendimientos y procesos de colonizacién

se obtienen cuando el tamafio de particula es menor. La porosidad y caracteristicas fisico-quimicas

de estos soportes permiten un rapido desarrollo de los consorcios microbianos metanogénicos (una

semana). Las bacterias metanogénicas predominantes presentes en los granulos activos, detectadas

tanto por inmunofluorescencia con anticuerpos especificos como por microscopia electrénica de

barrido, son metanobacterias acetoclasticas, principalmente Methanosarcina y Methanosaeta.

Introduction

Anaerobic digestion, using fluidized-bed
digesters, has been considered one of the most
efficient processes for the degradation of domes-
tic sludges in wastewater treatment. This biolog-
ical process involves the participation of several
microbial groups, associated with support
materials and forming a functional unit named
microbial consortia (10, 18). These consortia
may appear as biofilms or granules, which
transform organic matter into carbon dioxide and
methane (17).

Previous works have indicated the role of
several bacterial species in the development of
stable biofilms and granules (17). Generally,
acetate is the main substrate for the acetoclastic
methanogens (24); the two genera of acetoclastic
methanogens most frequently detected in these
anaerobic digesters are Methanosarcina and
Methanosaeta (formerly Methanothrix).

However, the knowledge of the colonization
of the support materials, stages of biofilm devel-
opment, composition of methanogenic consortia
and influence of different factors on microbial
attachment have not been completely elucidated
yet (10, 14, 29, 30). In addition, the cellular and
molecular composition of consortia, as well as
their functions, are poorly understood (25).

For these reasons, the scope of this work is to
study the biofilm development in pilot-scale flu-
idized-bed batches, using as support material
sepiolites with different particle size distribution.

Materials and Methods

Media and culture conditions. All the ex-
periments were performed following the tech-
nique previously described by us (18), using
50-ml capacity serum vials (batches). The op-
erations were carried out while the samples were
gassed with a 70% nitrogen—30% carbon diox-
ide atmosphere. The composition of the culture
medium was described by Sanchez et al. (23).
The batches, stoppered with butyl rubber plugs
and sealed with aluminium caps, were incubated
at 37°C for 30 days.

Characteristics of the support material.
The support material tested was the sepiolite
supplied by Tolsa (Madrid, Spain):
[Si ;Mg O, (OH,),(OH),-8H,0]. The particle
size distribution selected was the following.
Sepiolite 15/30: 8% humidity, 560 g/1 of appar-
ent density, specific surface of 270 m%g, and pH
8.5. Sepiolite 30/60: 8% humidity, 570 g/l of
apparent density, specific surface of 240 m?%g,
and pH 8.8. Sepiolite 60/120: 8% humidity, 610
g/1 of apparent density, specific surface of 240
m?%g, and pH 8.6. Sepiolite 120, 10% humidity,
545 g/1 of apparent density, specific surface of
240 m?%g, and pH 8.5. And Pansil: 10% humid-
ity, 60 g/l of apparent density, specific surface
of 240 m?%g, and pH 8.5.

Methane and volatile fatty acid analysis.
The volatile fatty acids (VFA) and methane
were monitored over time using a Perkin Elmer
(Autosystem GC, Cheshire, UK) gas chromato-
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graph. The methane in the gas phase was deter-
mined by thermal conductivity, using a 60/80
Carboxen 1000 column (Supelco, Bellafonte,
PA, USA); and the temperatures of the injector
and detector were 250°C, using helium as carrier
gas. VFA in the liquid phase were extracted by
centrifugation of the samples (24,000 x g for 15
min) and by addition of oxalic acid 1 M. VFA
were determined by flame ionization chroma-
tography with a Nukol column (Supelco). The
temperatures of the injector and detector were
250°C, using nitrogen as carrier gas.
Analytical methods. The extracellular poly-
meric substances (EPS) of the microbial strains
were extracted following the technique described
by Fukuzaki et al. (9). The proteins and carbohy-
drates of these EPS were determined by the
Bradford (2) method and by the phenol-sulfuric
method described by Dubois et al. (7), respec-
tively. Bacterial hydrophobicity was analyzed
by the Bath test (adherence to n-hexadecane) (22).
Microscopic counts. Before filtering the sam-
ples, they were homogenized using the tech-
nique described by Camper et al. (3). Samples
were filtered through 0.2 pm-pore size polycar-
bonate filters (GTTP type, Millipore Ibérica,
Madrid, Spain). Samples were fixed with 2.5%
of glutaraldehyde (Merck, Darmstadt, Germa-
ny), in 0.1 M cacodylate buffer (pH 7.2) , and
centrifuged at 8,000 X g (30 min at 4°C). The
pellet was resuspended in the following dead-
sorption buffer: Zwittergent 3—12 (Calbiochem,
LaJolla, CA, USA), 105M; EGTA (ethylengly-
col-bis-B-aminoethyleter) N”,N",N”, N-tetraace-
tic acid (Sigma), 10~ M; Tris-hydroxymethyl-
aminoethane (Tris buffer) (Sigma), 102 M; pep-
tone (Difco), 0.01%; pH, 7.0. The homogeniza-
tion was achieved at 24,000 rpm for 3 min at 4°C
(Ultra-Turrax T25, Janke & Kunkel, Ika-
Labortechnic). Enumeration of total bacteria and
total methanogenic bacteria were carried out
using a Nikon Labophot-2 epifluorescence mi-

croscope (100 W Hg halogen lamp). Total bacte-
ria were counted after staining with DAPI (4°, 6-
diamidino-2-phenylindole dihydrochloride) (Sig-
ma, St. Louis, MO, USA), as described by Porter
and Feig (20). Total methanogenic bacteria were
determined by counting the number of natural
fluorescent (due to cofactor F,, ) cells without
staining with DAPI

Scanning electron microscopy (SEM). Sam-
ples were prepared for SEM by a modification of
the methods described by McCoy et al. (16),
which consists in the fixation of the samples
with 2.5% glutaraldehyde in 0.1 M cacodylate
buffer (pH 7.2), for 12-24 h at 4°C. Samples
were filtered through 0.2 pm-pore size polycar-
bonate filters (GTTP type, Millipore), previous-
ly treated with an aqueous 1% polyethylen-
imine solution (PEI, Sigma). Then, the filters
were dehydrated in a graded ethanol series (50°,
70°, 80°, and twice 96°) for 10 min each, and two
steps with absolute ethanol for 15 min each one.
The dehydrated samples were critical-point dried,
and then they were sputter-coated with gold for
examination with a Jeol scanning electron mi-
croscope (JSM-840, Japan), at 20 kV accelerat-
ing potential. The micrographs were performed
using Ilford HP4 film.

Indirect immunofluorescence. Polyclonal
antibodies against glutaraldehyde-fixed whole
cells of the microorganisms studied were ob-
tained by the technique described by Castro et al.
(4) using rats (Wistar race) supplied by Panlab
(Madrid, Spain). For immunofluorescence as-
says, antisera were diluted in phosphate buffered
saline (PBS), with 0.7% carrageenan (Sigma)
and 0.01% sodium azide (Sigma), to achieve a
1:100 dilution. The indirect immunofluorescence
was performed on 0.2 um-pore size polycarbonate
filters using a 1:40 dilution in PBS of rabbit anti-
rat IgG FITC conjugate (Sigma) to detect the
immunoreactivity following the technique de-
scribed by Enger and Thorsen (8).
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Results

The results shown in Fig. 1 indicate that there
is no methane production in batches without
support materials (control). In the batches sup-
plemented with sepiolite of different particle
size, the methane production starts after 4 days
of incubation, and the maximum methane pro-
duction is achieved after two weeks of incuba-
tion. At this moment, the highest methane pro-
duction correspond to the sepiolites with lower
particle sizes (Pansil and S 120).

The changing of VFA over time is very simi-
lar among the different support materials used,
two peaks being observed on the 6th and 17th
day of incubation, depending on the sepiolite
considered. For all the support materials, acetate
was the main component of the VFA produced,
with values ranging between 4 g/l for S 30/60
and 6 g/ for S 15/30.

Methane and VFA productions over time, in
the anaerobic fluidized-bed batches, were con-
sistent with the formation of the microbial biofilm
on the support surface, and with the bacterial
counts by epifluorescence. Numbers of both to-
tal bacteria and methanogens increased after one
week of incubation. The variation of the total
bacteria/methanogens ratio was not significant
in that incubation period (one week).

The predominant methanogens which colo-
nized support materials at the end of the incuba-
tion period (one month) were Methanobrevi-
bacter smithii and several strains from Meth-
anosarcina, especially M. mazei S-6. They were
detected by indirect immunofluorescence. The
colonizing methanogens found in the lowest con-
centration were several strains of Methanosaeta
(formerly Methanothrix) soehngenii (Fig. 2).
However, it must be borne in mind that the
counts refer to filaments and not to individual
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FIG. 1. Methane production, over time, in batch cultures with and without support materials.
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FIG. 2. Immunological counts obtained at the end of the incubation period (28 days) by indirect immunofluorescence
on polycarbonate membrane filters (0.2 um-pore size). Strains: Bacteroides succinogenes BL2% Ruminococcus albus SY3%
Eubacteria limosum®, Syntrophomonas wolfei LYB (OCM 65)°; Desulfovibrio G11 (OCM 18)<; Methanobacterium
formicicum MF (OCM55)¢; Methanobrevibacter smithii PS (DSM 861)%; Methanothrix soehngenii Opfikon (DSM 2139)¢;
Methanothrix soehngenii FE (DSM 3013)4, Methanosaeta concilii GP6 (OCM 69)°; Methanosarcina mazei S-6
(DSM 2053)%; Metanosarcina barkeri MS (OCM 38)¢; and Methanosarcina thermophila TM-1 (DSM 1825)“.

Strains supplied by: ¢ A.J. Richardson (Rowett Research Institute, Scotland, UK); * N. D. Lindley (Centre de Transfer
en Biotechnologie et Microbiologie, UPS-INSA, Tolouse, France); ¢ Oregon Collection of Methanogens (USA); and

4 Deutsche Sammlung von Mikroorganismen (Germany).

cells. SEM observations of different steps of
support material colonization evidence an in-
crease in the number of hydrolytic-fermentative
bacteria in the first hours of incubation, mainly
Bacteroides succinogenes and Ruminococcus
albus; however, Methanosaeta was the most
frequently observed methanogenic bacteria in
this first step of colonization (Fig. 3A). In the
consolidated biofilm, the predominant morpho-

types observed were sarcina, small cocci and
long filaments, corresponding to Methanosarci-
na, Ruminococcus and Methanosaeta, respec-
tively (Figs. 3B-D).

The microbial colonization of support mate-
rials depends on the type and amount of poly-
meric substances released by the bacterial cells
which form the anaerobic consortia. These poly-
meric materials, named extracellular polymeric
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FIG. 3. Scanning electron micrograph of fluidized-bed batch: (A) supplemented with Pansil; (B) supplemented with
Sepiolite 120 (S 120); (C) supplemented with Sepiolite 60/120 (S 60/1 20); and (D) initial colonization steps of Methanosaeta sp.
on Sepiolite 60/120 (S 60/120).

substances (EPS), can serve as links between the
support material and cells. According to previ-
ous research conducted in our laboratory (data
not shown), these substances are synthesized in
the first hours of incubation. The EPS produced
enclose the bacterial nucleus of granules devel-
oped on the surface of the support, especially in
the crevices and pores of the support materials.
Therefore, the particle size of the support can
affect both the efficiency and the time of bacte-
rial colonization.

The analysis of the protein and carbohydrate
contents of EPS produced under different ex-
perimental conditions is given in Table 1. The
contents of carbohydrates and proteins in micro-
bial EPS varied over time depending on the
support material, the highest methane produc-

ers (Pansil and S 120) presenting a maximum
in the protein content of EPS at the end of the
studied period. A close and direct relationship
(r = 0.999, p <0.0001) was achieved between
protein/carbohydrate ratio and methane produc-
tion in Pansil, although for other support materi-
als this relationship was not statistically signifi-
cant.

Besides, a significant relationship between the
concentration of carbohydrates in the EPS and the
methane production was found in the sepiolites
S 30/60 and S 15/30 (r = 0.998 and p = 0.99,
respectively). Only for Pansil the protein content
of EPS was related to the methane production
(r=0.976, p <0.0001).

The hydrophobicity of the methanogenic con-
sortia, measured as percentage of adherence to
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TABLE 1. Chemical composition of the EPS (extracellular polymeric substances) synthetized by the
bacterial consortia with different support

Incubation time

Two weeks Three weeks Four weeks
Support Proteins® Carbohydrates® Proteins  Carbohydrates Proteins  Carbohydrates
Control 64.21 40.95 51.48 52.62 77.59 220.34
S 15/30 92.24 107.43 61.49 47.72 59.82 62.73
S 30/60 96.91 123.58 73.50 111.00 28.73 41.91
S 60/120 68.88 64.24 81.51 79.16 25.41 68.67
S 120 89.90 196.45 85.51 107.73 120.11 110.31
Pansil 87.56 98.04 83.51 69.36 104.66 74.62

2 Figures indicate pLg/ml.

n-hexadecane over time, is shown in Fig. 4. Only
sepiolite S 120, Pansil and S 60/120 showed high
percentages (>70%) of adherence at the end of
the incubation period, which indicates a func-
tional and consolidated biological granule. How-
ever, hydrophobicity degrees of the consortia
formed by the different support materials did not
show a significant relationship (lineal and loga-
rithmic) with the methane production of the
fluidized-bed batches.

Discussion

Previous studies indicated that the addition
of several materials as a support for bacterial
biomass in anaerobic digesters promoted an in-
crease in methane production (19, 23). Muiioz et
al. (18) demonstrated that sepiolite and diabase
were the support materials that produced the
highest increase in the methane production in
these types of pilot-scale anaerobic digesters.
However, the factors that affect the colonization
of these support materials over time have not
been complétely elucidated; only a few studies
have been conducted on the dynamics of biofilm
formation in anaerobic digesters (10, 21). In the
present work, the microbial colonization of dif-

ferent particle sizes of sepiolite has been studied
under laboratory conditions, using both indirect
immunofluorescence and scanning electron
microscopies.

The adhesion of bacteria to inert surfaces is
required for the early steps of the biofilm forma-
tion. Bacterial adhesion depends on the electrical
double-layer forces between the cell and the inert
surface; London-van der Waals forces and chemi-
cal binding (hydrophobic and ionic bonds) are the
predominant interactions that govern the attrac-
tive interaction between the surfaces. As it can be
seen in Fig. 4, there were different hydrophobic
interaction degrees depending on the particle size
of sepiolite tested, these interactions being higher
in the materials with lower particle size and higher
methane production (S 120 and Pansil). Perma-
nent adhesion usually requires de novo synthesis
of an acid polysaccharide glycocalix that connects
the adsorbed cell to the substratum (5).

As shown in Table 1, all the support materials
tested possessed concentrations of proteins and
carbohydrates higher than the control (batch with-
out support materials) during the steps of biofilm
formation (2 and 3 weeks of incubation). This
increase is related to the enhancement of
microbial adhesion and stability of the bacterial
biofilm (1).
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FIG. 4. Hydrophob'icity of the methanogenic consortia measured as percentage of adherence to hydrocarbons

(n-hexadecane).

The results obtained in this and previous
studies (23), suggest that the bacterial biofilm
was completely formed after 15 days of incuba-
tion in anaerobic batches (Fig. 1). This period is
similar to the time required for the biofilm for-
mation in other scale-pilot and industrial
anaerobic digesters (16, 26).

In the present study, we have found a
continous change over time of the ratio: total
bacteria/methanogens. An enrichment of
methanogens in the methanogenic granules was
observed, in accordance with that reported by
other authors (31). These facts are indicators of
a well established syntrophic relationship among
different microbial groups in the consortia for the
degradation of propionate and butyrate, interme-
diaries of the acetoclastic anaerobic digestion.
The high concentration of butyrate in the

anaerobic batches is due to the specialized me-
tabolism of the hydrolytic-fermentative bacte-
rium Eubacterium limosum (32).

The association of different bacterial species
in support materials and granules from anaerobic
digesters has been reported previously (15, 28).
In early steps of the microbial colonization of the
support materials, filamentous forms are located
on the outer layer of the support materials (Fig.
3D), and may establish links with the biofilm-
forming bacterial types. Polysaccharide synthe-
sis, mainly EPS, is a crucial mechanism at the
steps in which bacteria grow and present
metabolic activity, since the synthesis and ar-
rangement of the EPS is an energy-dependent
process (6).

After several days of incubation, anaerobic
granules were formed, and due to the high ace-



VoL. 12, 1996

METHANOGENIC CONSORTIA 433

tate concentration in the fluidized-bed digesters,
the number of acetoclastic methanogens, such as
Methanosaeta and Methanosarcina, increases
regardless of the number of hydrogenotrophic
methanogens (13, 25). At the end of the incuba-
tion period (30 days), Methanosarcina is the
predominant methanogen in the digester (Figs.
3B and C). T

Finally, the changing over time: of the pre-
dominant methanogen in an anaerobic granule
may be explained by the fact that Methanosarci-
na can decarboxylate acetate to produce meth-
ane; this capability produces a slower growth of
Methanosaeta compared to Methanosarcina (12),
although the former possesses a higher affinity
for the substrate (K,, = 0.46 mM) (27).

It can be concluded that the differences de-
tected in the support material which enhances
methane production (see Fig. 1) may be caused
by the mechanism and efficiency of the micro-
bial colonization, although the hydrophobicity
degree must be also considered. The filaments of
Methanosaeta, constituted by several individual
cells, are located into bacterial consortia and, in
association with hydrolytic-fermentative bacte-
ria, form the core or nucleus of the granule
linked to the pores of the support material. For
this reason, the bacterial adsorption to the gran-
ules depends on the available surface, i. e. the
number and spatial disposition of pores or hol-
lows of the support material. The highest effi-
ciency in the granule formation depends on the
porosity degree of the support material (11).
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Summary

Serratia marcescens is an enterobacterium that exhibits very low efficiency of transformation.
According to previous work, neither the bacterium restriction system nor its nuclease production
accounts for this low efficiency. Differences in the efficiency of transformation from plasmid DNA
were found in wild type of S. marcescens and their O-deficient spontaneous mutant strains. This
phenomenon seems to be independent of plasmid size. When electroporation was used, the survival
of O~ mutants was much lower than those of their parental strains, but the frequencies of transfor-
mation among survivors were much higher. This suggests that the presence of the O-antigen is
responsible for the low transformation frequencies observed.

Key words: Serratia marcescens, transformation efficiency, O-antigen, DNA uptake,
electroporation

Resumen

Serratia marcescens es una enterobacteria que muestra unas eficiencias de transformacién
extemadamente bajas. Estas bajas eficiencias no pueden atribuirse, segin trabajos previos, al sistema
de restriccién de la bacteria, ni a su produccién de nucleasa. Se encontraron diferencias en las
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eficiencias de transformacién por DNA plasmidico en cepas salvajes de S. marcescens y en mutantes

espontdneos O~ derivados de ellas. El fenémeno es independiente del tamaifio del DNA plasmidico.

En el caso de la electroporacion, la supervivencia de las cepas mutantes fue mucho menor, pero entre

los supervivientes se observaron eficiencias de transformacién mucho mayores. Esto indica que la

presencia del antigeno O es la causa de las bajas frecuencias de transformacién observadas.

Introduction

The introduction of foreign nucleic acid into
bacteria by both transformation and transfection
is widely used in genetic analysis. Some species
are naturally competent for transformation. But
in most cases, bacteria need some previous treat-
ment to become competent (CaClz, or others).
Serratia marcescens secretes a wide variety of
proteins through its bacterial envelopes, which
makes this bacterium a potentially useful micro-
organism to secrete foreign recombinant pro-
teins. However, genetic manipulation of
S. marcescens is more difficult than that of
Escherichia coli. Some of these difficulties de-
rive from the low efficiency of transformation of
S. marcescens. Formerly, the powerful nuclease
produced by S. marcescens was considered the
main reason for the low transformation effi-
ciency (7, 2), but it was demonstrated that this is
not the case (6). In some Gram-negative bacte-
ria, LPS contributes to the modification of trans-
formation efficiency, e.g. the reduction of LPS
O-side chains increases the efficiency of DNA
uptake in Klebsiella pneumoniae (1). This arti-
cle deals with the effect of O-side chain length
on the ability of different S. marcescens strains
to be transformed by plasmid DNA.

Materials and methods
Bacterial strains used in the present study are

summarized in Table 1. Three of them were wild
type, obtained from different sources, whereas

the others were obtained by selection of clones
resistant to different phages that have their pri-
mary receptor in the O-antigen. The plasmids
used were pBR328 (8) and pSL001 (4).
Several transformation procedures were used.
The first was the method of Cohen et al. (3). An
alternative method was based on the techniques
described by Merrick et al. (5). Both methods are
based on the effect of divalent cations and ther-
mal shock to induce the competent state. Lastly,
the electroporation (9) was used, with the fol-
lowing procedure: 45 ml of fresh Trypticase Soy
Broth (TSB, Difco, Detroit, MI, USA) were
inoculated with 5 ml of an overnight culture and
incubated with shaking until OD., = 0.6, at
37°C. Bacteria were harvested by centrifuga-
tion, washed twice in cold water and finally
suspended in 50 ml glycerol (10%). Bacteria
were stored at —45°C until use. Electroporation

TABLE 1. Strains of Serratia marcescens used in

this work
Bacterial strain Characteristics Source
ATCC 274 Wild type ATCC
RM1 ATCC 274 O~ Our laboratory
(kappa phage
resistant)

2170 Wild type H.W. Ackermann
Jo2 2170 O- Our laboratory
(FSB55 phage
resistant)

NIMA Wild type R.P. Williams
NR1 O~ (FSB3 Our laboratory

phage resistant)




VoL. 12, 1996

TRANSFORMATION EFFICIENCY IN S. MARCESCENS 437

was carried out using a Invitrogen electroporator
(Invitrogen, San Diego, CA, USA) and a Phar-
macia LKB-ECPS 3000/150 power supply (Phar-
macia, Uppsala, Sweden). We tested several
combinations of capacitance/voltage; best re-
sults were obtained at 50 mF/1700 V. Cells were
incubated for 1 h in TSB to allow phenotypic
expression and transformants scored. The re-
sults shown are the average of three independent
experiments.

Results and discussion

In all cases; the results were expressed as
efficiency of transformation (ET, or number of
transformants/ug of DNA) and frequency of
transformation (FT, or ET/number of surviving
bacteria).

The results of transformation efficiency ob-
tained by using the classical methods are pre-
sented in Table 2. All strains (O* and O~) showed
low transformation efficiency, and in some cas-
es no transformants were obtained using 0.1 ug
of DNA. In E. coli the efficiency of transforma-
tion were about 7 x 103 transformants/ug of
DNA. When plasmid pSL0O01 was used, no trans-
formants were obtained in any of the strains.

This plasmid is a 13.4 kb derivative of pBR328,
with an insert which includes the gene putA of
S. marcescens.

When electroporation was used to transform
S. marcescens, increases in the transformation
efficiency were observed. Table 3 shows the
results of experiments of electroporation. By
using this method, the yield of transformants
were much higher than those obtained by the
“classical” methods; in some cases (like strain
J92), these increases were nearly 1000-fold.
However, even when electroporation was used
the efficiencies of transformation in S. marces-
cens were clearly lower than those obtained in
E. coli. Besides, when efficiencies of transfor-
mation were compared in O* and O strains, no
significant differences were appreciated. How-
ever, if the efficiencies of transformations were
expressed as.frequencies of transformants (i.e.,
when the percentage of survival was taken into
account), the results clearly showed higher ef-
ficiencies in spontaneous O~ mutants. This
means that fewer O~ mutants survived the elec-
troporation procedure than the corresponding
wild type strains; but among survivors, the
frequency of transformation was much higher
in strains that are defective in O-antigen. This
contributes to demonstrate that restriction-mod-

TABLE 2. Results of the transformation of plasmid pBR328 by using two “classical” methods

Cohen's method (ref. 3)

Merrick's method (re_f. 7) ‘

Strains ET FT ET FT

2170 140 3.25 x 1077+ 1.17 x 10°® 11 2.55%x10%+£2.23 x 10°®
192 32 4.57x107+£2.41 x 1077 12 2.85x107+£3.12 x 107
ATCC 274 <10 <1.1x 108 <10 <1.1x10¢

RM1 30 3.3x107+£2.8 x 1077 12 1.33 x 107+ 4.0 x 1077
NIMA <10 <2.32 x 10°® <10 <2.32x10°®

NR1 40 1.1 x 1077+ 3.40 x 1077 <10 <2.9x 10

ET: Efficiency of transformation. FT: Frequency of transformation. (See text for explanation.)

Values of FT are given with standard deviation.
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TABLE 3. Results of the transformation of two different plasmids by using electroporation

pBR328 pSL001

Strains ET FT ET FT

2170 2.7 x 10 3.6 X 104£4.6 X 105 7.7 x 10? 9.8 x 105+1.3 x 10
792 412 % 10° 1.8 10°+5.6 x 107 3.06 x 10° 1.3%x 103+ 1.0 x 107
ATCC274 4.8 x 10° 3.9x 104+ 6.7 x 10°S 2.3 x 10? 2.3% 105+ 1.4 10°
RMI 1.65 x 10 3.7x 10°+8.1 x 10 5.0 x 10° 1.27 x 104+ 2.8 x 10~
NIMA 2.0 x 102 1.56 x 10+ 1.8 x 106 8.0 x 10" 3.72% 107+ 4.0 x 107
NRI 2.1 x 102 1.27 x 105+ 5.3 x 10 4.0 x 10! 9.09 x 107+ 3.0 x 107

ET: Efficiency of transformation. FT: Frequency of transformation. (See text for explanation.)

Values of FT are given with standard deviation.

ification system of S. marcescens is not the
reason for the low transformation efficiencies,
since O-deficient mutants transform more effi-
ciently, although their restriction-modification
system s identical to that of the wild type strains.
Mbredver, as we pointed out (6), the use of a
plasmid obtained from S. marcescens does not
increase the transformation efficiency, nor the
use of cured strains. As a conclusion, we can
assume that the low transformation efficiency
obtained in S. marcescens is a consequence of
the different features of the bacterial envelope of
this bacterium, as compared to that of E. coli.
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Summary

In the present study, the ability of a group of Renibacterium salmoninarum strains to grow in the
presence or absence of the amino acid cysteine and other mineral and organic sources of sulfur and
nitrogen has been evaluated. Most of the isolates tested were able to grow on a mineral media
supplemented with L-cysteine-HCI or other organic compounds, such as the vitamin thiamine and a
casein hydrolysate (Bacto Casamino Acids, Difco). Bacterial growth was also recorded on commer-
cial and specific media not supplemented with L-cysteine-HCI, or in which this amino acid was
replaced by the compounds cited above.

Key words: Renibacterium salmoninarum, in vitro growth, cysteine, nutrient requirements,
culture media

Resumen

En el presente estudio se ha evaluado la capacidad de un grupo de cepas de Renibacterium
salmoninarum para crecer en presencia o ausencia del aminodcido cisteina y de otras fuentes de
azufre y nitrégeno. La mayoria de los aislados fueron capaces de crecer en un medio mineral
suplementado con L-cisteina-HCl u otros compuestos organicos, como la vitamina tiamina y un
hidrolizado de caseina (Bacto Casamino Acids, Difco). También se observé crecimiento tanto en
medios comerciales como en medios especificos no suplementados con L-cisteina, o en los que este
aminoécido se habia sustituido por los compuestos citados anteriormente.
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Introduction

Bacterial kidney disease (BKD) was first
described in Scotland more than fifty years ago;
since then, it has caused serious mortality in
salmonids in both fresh and salt water in Europe,
America and Japan (1, 2, 10, 11, 12, 14). The
causative agent, Renibacterium salmoninarum,
is a very slow growing bacterium and fastidious
in its requirements. This has limited the studies
on the pathogenicity of BKD, as well as the
identification of dominant antigens that confer
protective immunity. It has been commonly ac-
cepted that R. salmoninarum has an absolute
requirement of cysteine for growth (1, 4, 5, 13,
15) and, more recently, Daly and Stevenson (7)
have reported that L-cysteine is essential for
optimal growth. A better understanding of the
pathogenesis of BKD and the development of
effective programmes of control of the disease
require the improvement of the growth condi-
tions of R. salmoninarum. The present work
describes the growth ability of a group of R.
salmoninarum strains in presence or absence of the
amino acid cysteine and other mineral and organic
sources of S and N.

Material and methods

Bacterial strains. Eight Renibacterium
salmoninarum strains were utilized in this study
(Table 1) and kept frozen at —80°C until use.

Media. A basal medium (BM) (NH,CI, 5 g/1;
NH,NO,, 1 g/l; Na,SO,, 2 g/l; KHPO,, 3 g/l
KH,PO,, 1 g/l; MgSO,-7H,0, 0.1 g/l; NaCl,

10 g/1; MgCl,, 4 ¢/l; purified agar, 10 g/1), alone
or supplemented with different amounts of the
amino acid cysteine [0.01, 0.05 and 0.1% (w/v)],
the vitamins thiamine and lipoic acid (both 0.1%),
Bacto Casamino Acids (Difco) (0.1%) and dithi-
othreitol (6.3 mM) were utilized to determine the
nutritional requirements of the isolates. In addi-
tion, the following commercial and specific me-
dia were employed to evaluate the growth rate of
the different R. salmoninarum strains: Tryptic
Soy Agar (TSA, Oxoid), Brain Heart Infusion
Agar (BHIA, Oxoid), Mueller Hinton Agar (MHA,
Oxoid and Difco), Kidney Disease Medium
(KDM-2) (8) and Charcoal Agar (KDM-C) (6).

Growth tests. Serial 10-fold dilutions in Pep-
tone Saline (PS) (0.85% NaCl; 0.1% peptone
[w/v]) were prepared. Initial concentration of
inocula was 1.2 x 10° cells/ml. Aliquots (20 pl)
of each dilution were spotted onto each of the
following media: BM, BM + 0.1% or 0.05% or
0.01% r-cysteine-HCI (cys), BM + 0.1% Bacto
Casamino Acids (cas), BM + dithiothreitol (DTT),
BM + 0.1% thiamine, BM + 0.1% lipoic acid,
TSA, BHIA, MHA (Difco and Oxoid), KDM-2
and KDM-C lacking L-cysteine-HC1 (KDM-2-no
cys and KDM-C-no cys), MHA (Difco) plus
0.1% L-cysteine-HC1 (MHA + cys), KDM-2,
KDM-C,MHA and TSA plus 0.1% Bacto Casami-
no Acids (MHA + cas and TSA + cas) and KDM-
2 and KDM-C in which L-cysteine-HCI has been
replaced by 0.1% Bacto Casamino Acids (KDM-
2 + cas, and KDM-C + cas). The Petri plates were
incubated at 15°C and periodically examined for
two months. Growth was recorded as the end-
point dilution defined as the last dilution of
culture at which growth was recorded on spot

TABLE 1. Origin of the Renibacterium salmoninarum strains utilized in the present study

Strain Origin Source’
ATCC 33209 Oncorhynchus tshawytscha (USA) ATCC
ATCC 33739 Salvelinus fontinalis (USA) ATCC

RS92 Oncorhynchus kisutch (Spain) Our laboratory

K84 Oncorhynchus mykiss (England) B. Austin
MT 251 Salmo salar (Scotland) D. W. Bruno
MT419 Salmo salar (Scotland) D. W. Bruno
MT422 Salmo salar (Scotland) D. W. Bruno
MT 426 Salmo salar (Scotland) D. W. Bruno

“ ATCC, American Type Culture Collection, Rockville, MD, USA; B. Austin, Department of Brewing and Biological
Sciences, Heriot-Watt University, Edinburgh, Scotland; D. W. Bruno, SOAFD, Marine Laboratory, Aberdeen, Scotland.
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plates (6). Each test was carried out in triplicate.

Results and discussion

The mineral (basal) medium utilized (BM)
did not support the growth of any R. salmoni-
narum strain regardless its content of inorganic
sulfur (withdrawal of sulfates from its composi-
tion did not modify the growth results). Addition
of L-cysteine-HCI to BM (0.05 to 0.1%) slightly
stimulated the growth of most of the strains
(end-point dilution ranging from 10° to 107?),
while replacement of this amino acid by cystine
resulted in the absence of growth of the isolates
tested, which agrees with that observed by Daly
and Stevenson (7) using KDM-C. Surprisingly,
addition of other organic compounds which do
not contain L-cysteine-HCI, such as the vitamin
thiamine and Bacto Casamino Acids (an acid-
hydrolyzed casein, usually employed as a source
of nitrogen) favoured growth at similar levels or

slightly higher than L-cysteine-HCI. The ability
of bacteria to alter their metabolism in response
to available nutrients could explain these unex-
pected results (3). None of the remaining com-
pounds used as source of sulfur [dithiothreitol
(6.3 mM) and lipoic acid (0.1%)] were able to
support growth of R. salmoninarum strains.
The ability of R. salmoninarum strains to
grow on different commercial and specific me-
dia was also evaluated. On MHA and BHIA
(Oxoid) most strains grew only from a concen-
trated inocula or did not grow at all. However, on
MHA (Difco) and on TSA (Oxoid) plates, colo-
nies were recorded at considerably high dilu-
tions (up to 107, Table 2). In addition, KDM-2
and KDM-C media lacking L-cysteine-HCI in
their composition gave end-point dilutions rang-
ing from 107! to 10-. These results are in contrast
with that reported by Daly and Stevenson (7),
who indicated that R. salmoninarum does not
grow when the medium is not supplemented with
L-cysteine or other sulfur-containing amino acid.

TABLE 2. Growth of Renibacterium salmoninarum strains on different media

Growth end-point dilution®

Media ATCC ATCC RS92 K84 MT251 MT419 MT422 MT426
33209 33739

Basal media
BM NG® NG NG NG 10° 10° NG NG
BM + cys© 10! 10 10° 107 10 107 10! 10
BM + cystine NG NG NG 10° 10° 10° NG 10°
BM + cas® 10! 10-3 10! 102 1072 1073 102 10
BM + thiamine/ 10! 107 1073 107! 1072 107 107 10

Commercial and specific media
TSA 107 1073 107! 10 106 10 10 10°
BHIA 10° 10° 10° NG NG 10° 10! 10°
MHA (Oxoid) 102 1072 10° 10- 1072 1073 10° 10!
MHA (Difco) 1073 10 1073 10-° 106 1073 10+ 10°°
MHA + cys® 10°¢ 107 107 10”7 108 108 107 10°
KDM-2 108 108 10°¢ 108 1078 108 108 108
KDM-C 108 1078 107 1078 108 108 10°® 108
KDM-2 no cys# 1073 10 107! 10 10 1073 1072 107
KDM-C no cys# 1073 1073 10! 10+ 10 1073 1073 10
MHA + cas® 10+ 10 103 10°° 106 10 10 1073
TSA + cas® 10 10 1073 10 106 10 10 107
KDM-2 + cas” 10 10°° 1073 10°° 106 10+ 10 1073
KDM-C + cas* 10 10-% 1073 10-% 108 10+ 10~ 10

“The end-point dilution indicates the last dilution of the culture which produced visible growth.” Not growth. “ Medium
supplemented with 0.1% vL-cysteine-HCI. 4 Medium supplemented with 0.1% cystine. ¢ Medium supplemented with 0.1%
Bacto Casamino Acids.” Medium supplemented with 0.1% thiamine. ¢ Medium lacking L-cysteine-HCI. " Medium in which
the L-cysteine-HCI has been replaced by Bacto Casamino Acids.
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The differences observed between MHA sup-
plied by Oxoid and Difco, could be due to the
different casein hydrolysates present in their
composition, since it has previously been re-
ported that different batches of peptone used in
preparing KDM-2 can determine the capacity of
this medium to support the growth of R.
salmoninarum (9).

The ability of most of the R. salmoninarum
strains to grow on media not supplemented with
L-cysteine-HCI, or on media in which this amino
acid has been replaced by other compounds (thia-
mine and Bacto Casamino Acids), indicates that
the presence of this amino acid in the medium is
not indispensable for the in vitro culture of the
bacterium. Therefore, the requirement of cysteine
for growth can not be considered as a definitive
criterion to differentiate R. salmoninarum from
other Gram-positive bacilli.

Addition of Bacto Casamino Acids to basal
medium gave growth similar or higher than that
obtained with L-cysteine-HCl (Table 2). However,
when this casein hydrolysate was added to com-
mercial and specific media, bacteria grew less
efficiently than with L-cysteine-HCI (Table 2).
These differences could be due to the fact that
TSA, MHA, KDM-C and KDM-2 have enough
peptone in their composition to support the
growth of R. salmoninarum to a certain extent,
thus an extra supply of that compound would not
improve much more the growth results.
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Summary

Two plasmids (derived from YCplac22 and YEplacl112) carrying a Candida albicans gene
(including the 5’ non-coding promoter sequences) coding for a 30 kDa membrane-bound protein,
were used to transform Saccharomyces cerevisiae cells. A 30 kDa protein was immunodetected by
Western blot in the membrane fraction of transformants. Northern analysis showed the presence of
three mRNA species (of about 1.1, 0.7 and 0.5 kb) hybridizing with the C. albicans gene as a probe.
The same result was obtained using the 5 and 3’ regions of the gene as probes, whereas only a 1.1
kb mRNA was found in C. albicans and none was detected in S. cerevisiae control transformants.
Thus, heterologous expression of this gene in S. cerevisiae results in a distinct pattern of mRNA
processing, either due to the location on plasmid vectors and/or to differences in the mRNA
processing systems in the two microorganisms.

Key words: Saccharomyces cerevisiae, Candida albicans, heterologous gene expression,
plasmids, mRNA
Resumen

Células de Saccharomyces cerevisiae fueron transformadas con dos plasmidos (derivados de
YCplac22 y YEplacl12) que portaban un gen de Candida albicans (incluyendo sus propias
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secuencias promotoras) que codifica una proteina de 30 kDa asociada a la membrana. E] anélisis

de los transformantes demostrd que el gen se expresa, pudiéndose detectar inmunolégicamente la

proteina de 30 kDa en la fraccién de membranas. Mediante hibridacién (Northern) se detectaron

tres mRNA (de 1.1,0.7 y 0.5 kb), empleando como sonda el gen completo de C. albicans. E1 mismo

resultado se obtuvo cuando se utilizaron como sonda los fragmentos 3’ y 5’ del gen, mientras que

en C. albicans s6lo se detecta el mRNA de 1.1 kb. Estos resultados indican que la expresién

heteréloga de este gen en S. cerevisiae determina un procesamiento distinto del mRNA, debido a

su localizacién plasmidica y/o a diferencias en el procesamiento del mRNA entre los dos

microorganismos.

Introduction

We had previously cloned a Candida albi-
cans gene coding for a 30 kDa membrane-bound
protein; this gene is transcribedina 1.1 kb mRNA
in C. albicans yeast and germ-tube cells (17).
However, the function of this protein in C. albi-
cans physiology has not yet been determined. In
order to obtain information about the function of
the protein, we studied the expression of the
gene in Saccharomyces cerevisiae cells. Candi-
da genes can be frequently expressed directly in
S. cerevisiae, which suggests that sequences
required for gene expression must be conserved,
at least in some degree, between C. albicans and
S. cerevisiae (10, 11, 16). In fact, many Candida
genes are functional in Saccharomyces, and a
large variety of Candida genes have been isolat-
ed by complementation in Saccharomyces (10,
11, 16).

In this work we describe the expression of a
C. albicans gene in S. cerevisiae cells trans-
formed with plasmid vectors in which the ex-
pression of the gene is controlled by its own 5’
promoter sequences.

Materials and Methods

Strains used and growth conditions. The
strain S. cerevisiae D3-TA (MATa, ura3-52,
trp1-289, leu2-3,112) was used in this study.

Yeast cells were cultured on YEPD (1% yeast
extract, 2% peptone and 2% glucose). Trans-
formants were selected, maintained and cultured
in synthetic minimal medium (0.67% yeast ni-
trogen base without amino acids, 2% glucose,
pH 7, 2% agar for plates) added with uracil (20
mg/1) and leucine (30 mg/1) (selective medium).
Escherichia coli DH50. was used as recipient
strain for transformation and plasmid amplifica-
tion; transformants were selected and cultured in
the presence of ampicillin (50 pg/ml).

Plasmid constructions. A 2 kb DNA frag-
ment, which contains the transcribed and pro-
moter regions of the C. albicans gene, was ob-
tained by digestion with Xhol and BgIII of the
YRp7-derived plasmid, which contains a 9 kb of
C. albicans genome DNA previously isolated
(17). This fragment was subcloned into the mul-
tiple cloning site of YEplac112 and YCplac22
(7), digested with BamHI and Sall. The resulting
plasmids pIB1 (episomal) and pIB2 (centromer)
were used to transform S. cerevisiae.

Yeast transformation. S. cerevisiae cells
were transformed with pIB1, pIB2, YEplac112
and YCplac22, using the lithium acetate/PEG
method (14). Transformants were detected on
selective medium. Tryptophan prototrophy of
the transformants was found to be conferred by
the presence of the plasmids, since auxotrophic
colonies were recovered after growth on rich
medium (YEPD). Transformants were also ex-
amined for all other genetic markers.
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Northern blot. Total RNA from exponen-
tially growing cultures of the transformants in
selective medium was obtained as described by
Denis et al. (4). RNA denaturation, gel electro-
phoresis and transfer to Hybond-N filters (Am-
ersham) was performed according to standard
methods (15). Labelling of DNA probes, as well
as nucleic acid hybridization, were performed
using the digoxigenin (DIG) nucleic acid label-
ling and detection kits (Boehringer-Mannheim),
following the manufacturer’s instructions. The
whole 2 kb DNA fragment was used as a probe,
as well as the 5’ and 3’ regions of the gene
obtained by digestion with EcoRI, enzyme which
cuts within the coding region, giving rise to two
fragments of 1.2 (5”) and 0.8 kb (3’), respective-
ly (17). Actin mRNA levels were measured as
controls, using as probe the Kpnl-BamHI frag-
ment carrying the actin gene from yeast (6).

Western blot techniques. Subcellular frac-
tions (membranes and sodium dodecyl sulphate
[SDS] cell wall solubilized material) were ob-
tained as previously described (1, 5). Electro-
phoresis, blotting to Hybond-C filters (Amef—
sham) and immunodetection with rabbit poly-
clonal antiserum raised against cell wall materi-
al from mycelial C. albicans cells (m-CWpAbs),
were carried out as previously reported (1, 18).

Results

Immunodetection of the 30 kDa protein.
Western blot of subcellular fractions from
S. cerevisiae transformants cultures at 28°C in
selective medium with m-CWpAbs allowed the
detection of a 30 kDa polypeptide present in the
membrane fractions (Fig. 1) and in the material
solubilized from the cell walls by SDS-treatment
(not shown). Several protein species were im-
munodetected in all cases, due to cross-reactiv-

ity of the S. cerevisiae proteins with

m-CWpAbs. However, the 30 kDa polypeptide
was absent in the control transformants, indicat-
ing that this molecule is encoded by the
C. albicans gene. In addition, the amount of gene
product correlates with the copy number of the
plasmid, and it is more abundant in the pIB1
transformant. Similar results were obtained when
subcellular fractions were isolated from trans-
formants cultured at 37°C.

Northern blot analysis of the Saccharomy-
ces cerevisiae transformants. The mRNAs
transcribed from the C. albicans gene in the
transformants were detected by Northern blot,
using as probe the 2 kb fragment containing the

12343567

kDa

106 —
80 —
49—

32.5-
27—

18-

FIG. 1. Immunodetection by Western blot of the 30 kDa
protein. Each slot was loaded with the membrane fraction
(7-14 pg of protein) obtained from Saccharomyces cerevisiae
cells transformed with YEplac112 (lane 1), pIB1 (lane 2),
YCplac22 (lane 3) and pIB2 (lane 4), cultured on selective
medium at 28°C, and from Candida albicans germ-tube
cells (lane 5); lanes 6 and 7 correspond to YEplac112 and
pIB1 transformants respectively, cultured at 37°C.
Immunodetection was carried out with m-CWpAbs. The
arrow indicates the position of the 30 kDa protein.
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whole gene. As a matter of fact, three mRNAs
were found: in addition to the 1.1 kb mRNA also
present in C. albicans (17), two mRNAs of
about 0.7 and 0.5 kb were detected in pIB1 and
pIB2 transformants (Fig. 2), whereas no mR-
NAs were visualized in control transformants.
The amount of transcripts correlates with the
copy number of the plasmid. Similar results
were obtained when RNA from pIB1 transform-
ant was probed either with the 5° or 3’ portions
of the gene (Fig. 3). »
Phenotype of the S. cerevisiae transform-
ants. Transformants carrying pIB1 and pIB2 did
not show any phenotypic difference with respect
to the control transformants. Cell and colony

A

1 2 3 4 5 6 7
B kb

® - | <11

- 0.7
- (.5

FIG. 2. Northern blot analysis of the Saccharomyces
cerevisiae transformants. (A) Each slot contains 20 pg of
total RNA from YEplac112 (lane 1), pIB1 (lane 2), YCplac22
(lane 3) and pIB2 (lane 4) transformants; the filter was
hybridized with the fragment carrying the actin gene from
yeast. (B) Each slot contains total RNA obtained from
Saccharomyces cerevisiae transformed with YEplac112 (lane
1and 2: 15 and 5 pg respectively), pIB1 (lane 3 and 4:15 and
5 pg respectively), pIB2 (lane 5: 15 pg) and from Candida
albicans cells (lanes 6 and 7: 5 and 2 pug, respectively); the
filter was hybridized with the 2 kb DNA fragment containing
the Candida albicans gene; lane 5 is overexposed with
respect to the other ones.

morphology were unaffected, as well as growth
rate on selective medium. Growth of colonies on
selective medium containing sucrose or raffi-
nose as fermentable carbon source were also
similar to controls.

Discussion

Centromer and episomal plasmids carrying a
C. albicans gene were transformed into S. cere-
visiae cells. Expression of this gene, which is
under the control of its own upstream promoter
sequences, does occur in §. cerevisiae trans-
formants, as reported for most C. albicans genes
(10, 11, 16). The 30 kDa protein encoded by this
gene is detected in the membrane fraction of
transformants, as in C. albicans cells (17), al-
though the presence of this protein does not
confer relevant phenotypic features to the trans-
formants, with regards to morphology and growth
rate. This indicates that the cell physiology is not
significantly affected.

When the mRNA transcripts from this gene
were analysed, three molecular species were
found: the 1.1 kb mRNA also detected in C.
albicans cells (17), and two additional mRNAs
of 0.7 and 0.5 kb. Although several causes may
be suggested, the precise nature of the phenom-
enon is unknown. Regulation of gene expression
is a complex mechanism involving the interac-
tion of target DN A sequences with proteins which
regulate distinct processes (initiation and termi-
nation of transcription, mRNA splicing) (2, 3,
12). Differences in both elements between
S. cerevisiae and C. albicans may account for the
results reported. Similar but not identical target
sequences involved in mRNA processing are
present in S. cerevisiae and C. albicans (10, 16).
The fact that all three mRNAs are detected with
the 5’ and 3’ parts of the gene as probes favors
the hypothesis of the removal of internal se-
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FIG. 3. Northern blot analysis using the 5’ and 3’ regions of the gene as probes. Total RNA from Saccharomyces
cerevisiae pIB1 transformants was applied to each slot (5 ug, lanes 1, and 15 pg, lanes 2). Filters were hybridized with the
5’ region (A) and 3’ region (B) of the Candida gene as probes (see Materials and Methods).

quences. Other factors, such a mRNA stability,
associated to translation and codon usage (9),
seem to be less reliable.

In addition, expression of genes may be modi-
fied when located on plasmid vectors. The chro-
matin structure of the flanking regions may in-
fluence their expression (13), and regulatory
factors may be limiting when the copy number of
target sequences is increased (8). Nevertheless,
in our case, this latter factor can be ruled out as
the results reported are independent of the copy
number of the plasmid. As a conclusion, our
results point out that modifications in the pattern
of gene expression may occur when heterologous
genes are on plasmid vectors.
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Summary

The FLOS5 gene has been assigned to chromosomes I and VIII in Saccharomyces cerevisiae.
According to the results obtained, flocculation of strain STX347-1D (reported as strain FLOS) is the
result of two different genes: one of them is allelic to the previously reported FLO! and located at
4.7 cM from PHO11 and 37 cM from ADE] on chromosome I. The other was mapped on chromosome
VIII at 36.8 cM from PET3 and 30.5 cM from FURI. ff’his second gene generated a constitutive
flocculation phenotype that was not under the control of the fsu3 suppressor. The latter has been
reported to suppress certain FLOI genes.

Key words: Saccharomyces cerevisiae, FLOI and FLOS5 genes, yeast flocculation,
surface proteins, gene mapping

Resumen

El gen FLOS ha sido asignado a los cromosomas I y VIII de Saccharomyces cerevisiae. De
acuerdo con nuestros resultados, la floculacién en la cepa STX347-1D (descrita como cepa FLOS)
es el resultado de dos genes diferentes, uno de ellos alélico con el previamente descrito FLO! y
localizado a 4,7 cM de PHOI1 y 37 cM de ADE] en el cromosoma I. El otro fue mapeado en el
cromosoma VIII a 36,8 cM de PET3 y 30,5 cM de FURI. Este segundo gen dio lugar a un fenotipo
floculante constitutivo que no esta bajo el control de fsu3, descrito como supresor de floculacién en
distintos genes FLOI.

* Correspondence to: Tomds G. Villa. Departamento de Microbiologia. Facultad de Farmacia. Universidad
de Santiago de Compostela. 15706 Santiago de Compostela. Espaiia. Tel.: +34-81-592490. Fax: +34-81-
594631. E-mail: mpvilla@usc.es
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Introduction

“Flocculation in yeast describes a cell aggre-
gation phenomenon by which cells form rapidly
sedimenting clumps. Accordingly, flocculation
is a suitable property for the separation of yeast
from beer or wine (17, 18), and is also important
in the biological production of ethanol (8). (For
areview, see references 9 and 23.)

According to current hypotheses to explain
yeast flocculation, surface proteins on floccu-
lent cells (SPF) would bind to the cell wall
mannan of neighbouring cells; the role of calci-
um ions being that to maintain these lectin-like
proteins in active conformation (6). This theory
is supported by the fact that protein denaturation
(9) causes irreversible loss of flocculation but
does not affect receptor sites. Moreover, floccu-
lation can also be reversibly inhibited by the
presence of certain sugars such as sucrose, man-
nose, maltose and glucose (7, 14, 20).

Flocculation in Saccharomyces cerevisiae is
genetically controled. Several dominant genes
affecting this character have been described:
FLOI (allelic with FLO2 and FLO4) mapped on
chromosome I at 37 ¢cM from the adel marker
(12) and 4.7 cM from the PHOI11 gene (15);
FLOS5, mitotically located on chromosome [ (27),
and FLOS, linked to arg4 on chromosome VIII
(33). The FLOI gene has been cloned (24, 29)
and sequenced (25, 31), and FLOS5 was first
cloned by Vezinhet et al. (27) and wrongly
mapped on chromosome I (1). Recently,
Teunissen et al. (26) reported the mapping of this
gene on'chromosome VIII and revealed the true
localization of FLOS as allelic to FLOI. The
sequences of chromosomes I and XI showed that
another two putative flocculation genes are
present in the S. cerevisiae genome, one of them
located near the end of the left arm on chromo-
some I and the other one on chromosome XI.
These genes have been named FLO9 and FLO10,

respectively (23). In addition, different semi-
dominant and recessive genes, flo3, flo6 and
flo7 (ref. 3), have also been reported and are now
considered as possible alleles of dominant FLO
genes that are subjected to suppression when
expressed in different backgrounds (15). Muta-
tions of different genes not directly related to
flocculation (TUPI, SSN6, sfll and cka2) may
result in some pleiotropic effects, flocculation
being one of them. Also, overexpression of CHS2
gene and the expression in yeast of certain
heterologous genes may induce flocculation iden-
tical to that exhibited by FLOI-containing
strains (19).

Differences between FLO1 and FLOS phe-
notypes have been reported in response to heat
and proteinase treatments, flocculation intensity
and mating type (2, 30). We report here the
genetic and physiological characterization of a
FLOS strain of S. cerevisiae and mapping of the
gene on chromosome VIII by conventional mi-
totic and meiotic methods, thus confirming the
results reported by Teunissen et al. (26).

Materials and Methods

Organisms and media. The strains of
S. cerevisiae used in this study are shown in
Table 1. YEPD medium, minimal medium (SD)
and acetate-agar medium were prepared accord-
ing to Sherman et al. (13). Adenine, uracil and
aminoacids were added to a final concentration
of 20 mg/ml when necessary.

Genetic techniques. Mating, sporulation and
dissection of asci were performed according to
standard procedures (13).

Mapping methods. Mitotic mapping. Mitot-
ic mappings by the chromosome loss technique
were carried out by using both the 2 pm mapping
method (28) and the methyl benzimidazole-2-yl
carbamate (MBC) method, according to Wood (32).
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TABLE 1. Strains of Saccharomyces cerevisiae used in this study

Strain Genotype Source/Reference
STX347-1D MATa his2 ura3 gall FLOI FLOS5 Y.G.S.C=e
IM1-8b MATa leu2 his4 sta® sta’ FLO1 A. Jiménez?
IM1-8c MATa leu2 his4 sta’ sta’® FLO1 This study
CSHO0L MATo spoll ura3 adel hisl leu2 lys7 met3 trp5 T. Benitez*
GM1-9B MATo ade2 leu2-3,112 pholl::LEU2 H. Y. Steensma?
GT153-6A MATo adel gal7 leu2 ura3 his2 leul arg4 his6 ilv3

metl4 asp5 lys7 lys9 met2 ade2 aro7 Y.G.S.C.
NR9 MATa leu 2-3,112 pholl::LEU2 trpl (11)
NR25 MATa adel (11)
CS1 MATa leu2 ura3 trp5 met3 FLO1 This study
CS2 MATa leu2 ura3 trp5 met3 FLOS This study
CS3 MATa adel hisl his2 trp5 FLOS This study
CS4 MAToa leu2 adel hisl lys7 FLO1 This study
CS5 MATo ade2 FLOS This study
LK MATo furl his3 L. Kern®
X3117-1D MATa pet3 ade? his6 ural lys2 arg4 gal2 met3 thrl asp5 H. Y. Steensma
Set of cir? tester strains MATa his leu2-3,112 ura3-52 trp1-289 met2 his3-1 CyhR Y.G.S.C.

“Y. G. S. C., Yeast Genetic Stock Center, Berkeley, California, USA; * Centro de Biologia Molecular, Madrid, Spain;
¢ Departamento de Genética, Facultad de Biologia, Universidad de Sevilla, Spain; ¢ Department of Cell Biology and
Genetics, Leiden University, Leiden, the Netherlands; ¢ Laboratoire de Génétique Physiologique, Institute de Biologie,

Strasbourg, France.

The first method requires a set of cir’ tester
strains, each containing 2 um plasmid DNA
integrated into or near the centromere of a differ-
ent chromosome. A recessive mutation in a cir*
strain can be assigned to its chromosome by
crossing to the cir’ tester strains. At high fre-
quencies, subclones of the cir’/cir* diploids will
lose the integrated 2 um plasmid DNA plus the
chromosome into which integration had occurred,
thus unmasking the recessive mutation.

In this case, flocculation is a dominant char-
acter. So, 16 strains, with the flocculent gene to
be mapped, plus the 2 um plasmid DNA (with
the URA3 gene) integrated into the centromere
of a different chromosome, were obtained by
crossing the strain CS3 (flocculent, cirt and
ura3-52) with the set of cir® strains. Diploids
were selected in minimal medium without uracil,
sporulated, and flocculent URA3 strains selected
from the segregants.

These 16 strains were then crossed with strain
1645 (non flocculent and cir*). cir’/cir* diploids
from each of the 16 crosses were isolated on
selective medium and then grown in YEPD.
Dilutions of this culture were plated on a non-
selective medium (50-100 colonies per plate),
and the colonies screened for both ura3 marker
and the flocculent phenotype.

The second mitotic mapping was carried out
by treatment of appropriate strains with MBC
(E. I. du Pont de Neumours and Co., Inc.) pre-
pared in a stock solution of 20 mg MBC/ml
DMSO. Suitable amounts of the stock solution
were added to autoclaved YEPD medium. A
diploid heterozygous for one recessive marker
on each of the chromosome to be tested, as well
as heterozygous for the unmapped gene, was con-
structed. An exponential culture (8 x 10° cells/ml)
of this diploid was treated with 100 pg MBC/ml
for 24 h. Then, the cells were washed twice in TE
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buffer, diluted and plated on YEPD medium at a
concentration that resulted in about 50-100 colo-
nies per plate. The colonies were then screened
for both auxotrophic markers and the flocculent
phenotype.

Meiotic mapping. Genetic linkage and chro-
mosome location studies were performed as de-
scribed by Sherman et al. (13). Map distances
were calculated by Perkins’ formula (10).

Measurement of flocculation. Cells were dis-
persed by washing twice with 0.25 M EDTA and
twice with sterile water. Flocculation was initi-
ated by resuspending the cells in 0.1 M sodium
citrate buffer (pH 4.0), containing 0.01 M CaCl,
(21). The degree of flocculation was then ex-
pressed on a subjective scale ranging from 0
(non-flocculent) to 4 (extremely flocculent), as
reported by Johnston et al. (3).

Experimental assays. Treatment with sug-
ars. Cells were harvested, dispersed in 0.25 M
EDTA and heat-killed at 60°C. Flocculation in
the strains used in this study was not affected by
these treatments. The cells were then suspended
in flocculation buffer containing mannose or
maltose at different concentrations. When
flocculation had been completed in the controls,
the degree of flocculation was estimated as de-
scribed above.

Treatment with proteases. Washed and dis-
persed cells were resuspended in 0.1 M sodium
phosphate buffer (pH 7.5) containing different
proteases according to Hodgson et al. (2). Sus-
pensions were then incubated at 3G°C with gen-
tle shaking and samples (1 ml) were removed at
the required intervals. The cells were washed,
resuspended in 0.1 M sodium citrate buffer
(pH 4), with 0.01 M CaCl,, and flocculation was
calculated as previously described.

Heat treatment. Washed and dispersed cells
were resuspended in 0.05 M sodium acetate
buffer (pH 4.5) containing 0.01 M CaCl, and
then incubated at 70°C. Samples were removed

at different times, and the degree of flocculation
was estimated.

Results and discussion

Characterization of the FLOS phenotype.
Genetic characterization of strains harboring the
FLOS5 gene was accomplished by crossing strains
STX347-1D (reported as being FLOS5) and
CSHO0L (non-flocculent); then, the segregants
were tested for their ability to flocculate in liquid
culture medium. Tetrad analysis revealed a non-
monogenic segregation for flocculation (Table 2)
suggesting that the flocculent strain STX347-1D
might carry two unlinked flocculation genes. To
gain deeper insight into this hypothesis, the four
spores of an ascus exhibiting 4F:0ONF segrega-
tion were micromanipulated and grown sepa-
rately (strains CS1, CS2, CS3 and CS4). To
check the possibility of one of the flocculation
genes present in the four strains being allelic
with the previously described FLOI, they were
crossed with strains IM1-8b and IM1-8c (both
FLOI). As shown in Table 2, the crosses of CS1
and CS4 with IM1-8b exhibited 4F:0NF segre-
gation in 100% and 86% of the asci screened.
This confirmed that the flocculation genes present
in CS1 and CS4 were allelic with FLO1. Howev-
er, the segregations of crosses CS2 and CS3 with
IM1-8c included asci of the 2F:2NF type, thus
indicating that the flocculation genes in CS2 and
CS3 strains were not allelic with FLO1. Moreo-
ver, the crossing of strains CS1, CS2, CS3 and
CS4 with each other strongly suggested the pres-
ence of two non-allelic flocculation genes. In
this sense, the cross between CS2 ans CS5 (de-
rived from CS3) always gave segregations
4F:0NF, and the cross between CS1 and CS3
mainly gave 3F:1NF and 2F:2NF segregations.
In order to confirm whether the flocculation
genes of strains CS1 and CS4 occupied the FLO/
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TABLE 2. Segregation ratios of flocculation genes

Segregation (F:NF)

Cross Number of tetrads
4:0 3:1 2:2 1:3 0:4
STX347-1D x CSH90L 5 15 7 0 0 27
CS1 x IM1-8b 20 0 0 0 0 20
CS2 x IM1-8c¢ 1 11 11 0 0 23
CS3 x IM1-8c 4 14 3 0 0 21
CS4 x IM1-8b 18 3 0 0 0 21
CS1xCS3 1 15 7 0 0 23
CS2 x CS5 33 0 0 0 0 33
CS4 x CS3 7 12 7 0 0 26
CS6 x GM1-9B 0 0 4 25 1 30
CS2 x GM1-9B 0 0 27 0 0 27
CS3 x GM1-9B 0 0 23 0 0 23

F, flocculent; NF, non-flocculent. Segregation of the other markers was 2+:2— in all cases.

locus, attempts to perform meiotic mapping were
made. Strain CS1 was crossed with NR9 (har-
boring pholl::LEU2 marker on chromosome I)
and with NR25 (ade!). Tetrad analysis of paren-
tal ditypes/non parental ditypes/tetratypes re-
vealed ratios of 58/0/6 with respect to the first
marker and 16/0/38 for the second one (Table 3).
This, in turn, allowed the mapping of the gene at
4.7 cM from PHO11 and 35.2 cM from ADEI.
Regarding strain CS4, the flocculation gene could
be mapped following the same approach at
3.3 cM from PHOI1 and 37.8 cM from ADE].

Mapping of the second flocculation gene.
Mitotic mapping was accomplished by the 2 um
mapping method. The gene was chromosome-
assigned by"the construction of 16 cir’/cir diploids
by crossing flocculent cir’ and non-flocculent
cir* strains. In growth in non selective media, the
frequency of loss of each chromosome is seen as
the result of the acquisition of uracil auxotrophy.
This frequency was ca. 10-20%. Three hundred
colonies of each diploid were tested for their
ability to flocculate in liquid medium. Loss of
the flocculation marker (and hence ura3
auxotrophy acquisition) was apparent in only 22
colonies of the diploid formed by the cir? strain

containing an integrate on the chromosome VIII
centromere. These results, therefore, allowed us
to assign the second flocculation gene to chro-
mosome VIII.

The mitotic mapping of this new flocculation
gene was also performed by the chromosome
loss technique, using MBC as the inducer. A
diploid was obtained by crossing strains CS3
and GT153-6A. The diploid was thus hetero-
zygous for one marker on each chromosome in
addition to the flocculation gene to be mapped.
After 24 h in the presence of MBC, cell viability
was 10%. Twelve colonies were non flocculent,
10 of them being aneuploid for chromosome
VIII, since they were arg4. This confirmed that
the FLOS5 gene was located on chromosome
VIII. Besides, 20 out of 2000 colonies tested
were aneuploid for chromosome I and floccu-
lent. This led to the obvious conclusion that the
FLOS gene was not located on chromosome I.

Meiotic mapping of FLOS5 was accomplished
using the markers pet3 and furl of chromosome
VIII. As shown in Table 3, the gene was mapped
at 30.5 cM from FURI and 36.8 cM distal from
PET3, confirming the results reported by
Teunissen et al. (26).
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TABLE 3. Meiotic mapping
) Number of asci
Gene pair Cross cM
PD NPD T
FLOI-PHOI1 CS1 x NR9 58 0 4.7
FLOI-ADEI CS1 x NR25 16 0 38 35.2
FLOI-PHOI1 CS4 x NR9 42 0 3 33
FLOI-ADEI CS4 x NR9 11 0 34 37.8
FLO5-PET3 CS3 x X3117-1D 10 0 28 36.8
FLO5-FURI CS3x LK 21 0 33 30.5

Abbreviations: PD, parental ditype; NDP, non-parental ditype; T, tetratype; cM, centimorgans. Only tetrads with

segregation 2:2 were analyzed.

Phenotype characterization. The pheno-
types of strains harboring the FLOS5 gene were
studied according to the method of Hodgson et
al. (2). According to these authors, FLO1-based
phenotypes are resistant to heat, but sensitive to
chymotrypsin treatment, whereas the opposite
happens in the case of FLOS5-based phenotypes.
Accordingly, strains CS1, CS2, CS3 and CS4
were checked for their response to heat and
chymotrypsin in a comparative fashion with
strains IM1-8b (FLO1 phenotype) and STX347-
1D (FLOS phenotype). Strains CS1 and CS4
(harboring the FLO1 gene) clearly have a FLO1
phenotype; similarly, strain CS3 (harboring the
FLO5 gene) exhibited a FLOS5 phenotype,
whereas strain CS2 (genetically characterized as
FLOS5) did have an intermediate FLO1/FLOS
phenotype, and was therefore sensitive to both
heat and chymotrypsin treatments.

The flocculation phenotypes of strain FLO1
and FLOS were assayed for their ability to
flocculate in the presence of mannose and maltose
in order to typify them as the classical FLO1 or
New Flo phenotypes (2). As may be observed in
Fig. 1, strains STX347-1D, CS2 and CS3 be-
haved like IM1-8b and were affected only by the
mannopyranosides, as reported for the FLOI
phenotype strains.

Effect of the fsu3 suppressor on FLOS. The
fsu3 suppressor has previously been character-

ized (15) as being able to suppress certain FLO1-
based phenotypes. In order to determine whether
the suppressor had any effect on FLOS5-based
flocculation, strains CS2 and CS3, as well as
CS6 (CSl1-derived and hence FLO1), were
crossed with GM1-9B (harboring fsu3). As
shown in Table 2, all the diploids of CS2 and
CS3 with GM1-9B displayed monogenic segre-
gation for flocculation (2F:2NF), whereas the
diploids of CS6 with GM1-9B showed non-
Mendelian segregation for flocculation. Taking
all these results in consideration, it may be con-
cluded that the FLOS5 gene is neither controlled
nor regulated by fsu3. It would be of interest to
find out whether the other reported suppressors
(fsul and fsu2) are able to suppress the FLOS-
based yeast flocculation.

In the light of the foregoing, FLO! gene has
been mapped on chromosome I of S. cerevisiae
at 35 cM from adel (5) and 4.8 cM from PHO1 1
(15). For years, the FLOS5 gene remained un-
mapped. In 1994 Bidard et al. (1), after using
cytoduction techniques, claimed that the gene
mapped on chromosome I. Recently, Teunissen
et al. (26) remapped the gene on chromosome
VIII at 34 cM from PET3.

Ourresults with strain STX347-1D (formerly
reported to be FLOS) clearly show the presence
of two flocculation genes, one being allelic to
the previously reported FLOI, and the second
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FIG. 1. Effect of different maltose (A) and mannose (B)
concentrations on the flocculation of strains IM1-8b (@),
STX347-1D (M), SV1 (A) and SV3 (V).

one located on chromosome VIII at 35.8 cM
from PET3 and 30.5 cM from FURI. The pres-
ence of either of the genes is sufficient to origi-
nate a flocculation phenotype. The results re-
ported here confirm those found by Teunissen
and co-workers. While sequencing chromosome
VIII, Johnson et al. (4) found a flocculation gene
similar to the previously described FLOI. Be-
sides, Teunissen et al. (26) were able to disrupt
the FLOS5 gene by the cloned FLOI. From all
this, we can conclude that both genes must be
very similar, although the former gene is not
subjected to regulation by the MAT locus (30).
Furthermore, according to our results, FLOS is
not suppressed by fsu3. On the contrary, the
FLOI gene present in STX347-1D is suppressed
by fsu3. This latter aspect of differential regula-

tion by different suppressors of two otherwise
related genes is currently being studied at our
laboratory.
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Breve historia de la Sociedad Espafiola de
Microbiologia, V. De 1987 a 1991

Concepcidén Garcia Mendoza

Centro de Investigaciones Bioldgicas, CSIC, Madrid, Espaiia

Summary

In this fifth chapter of the short history of the Spanish Society for Microbiology (SEM), the major
activities carried out from 1987 to 1991 are described. During that period, the 11th, 12th and 13th
SEM National Congresses took place in Gijon (1987), Pamplona (1989) and Salamanca (1991),
respectively. The Specialized Groups of the Society organized their own meetings. Courses on the
introduction to research in microbiology, for undergraduate students, started in that period. The
President of SEM was elected FEMS Vice-president during the Council Meeting of the Federation
of European Microbiological Societies (FEMS), held in Madrid in September 1989.

Resumen

El quinto articulo de la serie sobre la historia de la Sociedad Espafiola de Microbiologia (SEM)
abarca el periodo de 1987 a 1991, durante el cual se celebraron los Congresos Nacionales undécimo
(Gijén, 1987), duodécimo (Pamplona, 1989) y decimotercero (Salamanca, 1991). Los Grupos
Especializados celebraron las reuniones correspondientes y empezaron a organizarse los Ciclos de
conferencias de iniciacién a la investigacién en microbiologia, dirigidos a estudiantes de tltimo
curso de licenciatura. En 1989 tuvo lugar en Madrid la reunién del Consejo Directivo de la
Federacién de Sociedades Europeas de Microbiologia (FEMS), donde el Presidente de la SEM fue
elegido Vicepresidente de FEMS.

Correspondencia: Concepcién Garcia Mendoza. Centro de Investigaciones Biolégicas. CSIC.
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XTI Congreso Nacional de Microbiologia

El XI Congreso Nacional de Microbiologia,
organizado por Carlos Hardisson Rumeu, tuvo
lugar en el Centro de Ensefianzas Integradas de
Gijon (antigua Universidad Laboral), los dias 24
al 27 de junio de 1987. Pronunci6 la conferencia
inaugural Eugenio Santos, y la de clausura Seve-
ro Ochoa. Enrique Herrero, ganador del segundo
premio de la SEM, impartié la conferencia co-
rrespondiente que, en esta ocasion, estuvo dedi-
cada a David Véazquez, anterior presidente de la
Sociedad, recientemente fallecido. Se recordaba
asi al cientifico y amigo. El congreso cont6 con
tres simposios internacionales, con intervencion
de especialistas nacionales y extranjeros, quince
mesas redondas y mas de quinientas comunica-
ciones, presentadas en forma de panel. Partici-
paron mds de mil microbiélogos espafioles, ade-
més de los invitados extranjeros. Esta edicién
del congreso repitié la experiencia de editar
todas las contribuciones por invitacién en forma
de articulos completos.

Periodo 1987-1989

Durante el XI Congreso en Gijén tuvo lugar
la Junta General Ordinaria, donde se expusieron
las actividades llevadas a cabo en el periodo
1986-1987. Como actividades futuras, se apro-
b6 la realizacidon de cursos de iniciacién a la
investigacién en microbiologia, destinados a es-
tudiantes de los dltimos cursos de carrera. Tam-
bién se aprobd, a propuesta del Editor-Coordina-
dor de la revista, Rubens Lépez, la ampliacion
del Consejo Editorial, incorporando dos editores
extranjeros. El objetivo era conseguir la inclu-
sion de la revista en Current Contents, una vez
que se habia logrado que apareciese reseflada en
Chemical Abstracts. En relacion con los Grupos

Especializados, la mayoria mostraba una trayec-
toria ascendente, a excepcion de los de Virologia,
Microbiologia Clinica y Noroeste. Se decidié
tratar el problema de cada grupo por separado en
las sucesivas Juntas Directivas de la SEM. Res-
pecto a la sede del siguiente Congreso Nacional,
se considerd la propuesta de Pamplona, bajo la
direccién de Ramén Diaz, quien confirmaria tal
extremo tras discutir la propuesta con sus cola-
boradores.

La Junta General Extraordinaria, celebrada a
continuacién, discutié la enmienda de los si-
guientes articulos de los Estatutos de la Socie-
dad: 1,4, 8, 10, 11, 15 y la disposicién final. Las
propuestas fueron aprobadas por los asistentes.
Con la nueva redaccién quedaban definidas las
atribuciones de los cargos directivos de la SEM
y se introducian los cargos ya citados de Presi-
dente y Secretario Electos.

Una de las primeras actividades de la Junta
Directiva durante el periodo que nos ocupa fue la
creacién del Grupo de Biodegradacién y Biolixi-
viacién, promovido por Fernando Laborda; este
grupo se denominaria de Biodeterioro. Pendien-
te de discusion el estado de los grupos practica-
mente inactivos de Virologia, Microbiologia
Clinica y Noroeste, se propuso consultar a los
socios de los dos primeros mediante una carta o
encuesta para decidir sobre el futuro del grupo.
El Grupo de Virologia, que con la creacién de la
Sociedad Espafiola de Virologia habia sufrido
una baja importante de socios, conservaba toda-
via mds de sesenta inscritos. Sin embargo, el de
Microbiologia Clinica, con Luis Arcalis como
presidente en funciones, estaba mas mermado.
La problemiética del Grupo del Noroeste era de
otra indole, de manera que se decidi6 instar a su
Presidente, José Angel Garcia Rodriguez, a que
reanudara las actividades. En 1988, el Grupo de
Taxonomia organiz6 en Madrid su III Reunién,
bajo la direccién de Guillermo Sudrez. Seguiria
a continuacién el Simposium FEMS sobre “Ar-
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FIG. 1. Delegados de las distintas Sociedades de Microbiologia Europeas y Junta Directiva de la SEM, con motivo del

FEMS Council Meeting celebrado en Madrid en 1989.

queobacterias”, celebrado en Troya (Portugal).
Por su parte, el Grupo de Microbiologia de Ali-
mentos estaba intentando que su préxima VI
Reunidn, a celebrar en Madrid, contase con la
participacién de la Comisién Internacional de
IUMS. Igualmente, intervendria en la reunién
sobre “Modern microbiological methods”, que
se iba a celebrar en Santander en 1989, organiza-
da por comisiones de la SEM, FEMS, TUMS,
IDF (International Dairy Federation) y AOAC
(Association of Official Analytical Chemists,
EE. UU.).

Finalmente, las gestiones de la Secretaria
ante la administracién central habian dado su
fruto con la obtencién de la exencién del pago
del IVA en todas las cuotas (socios, congresos,
etc.). La SEM era la primera sociedad cientifica
que conseguia este tratamiento. Por otra parte, la
enmienda de los Estatutos defini6 las competen-
cias de los cargos directivos. Fue necesario,
ademds, otorgar poder notarial a los cargos de
Secretario y Tesorero, que facultara la disposi-
cién conjunta de los fondos de la Sociedad (prac-

tica que, por otro lado, se venia realizando desde
la fundacién de la SEM).

Las relaciones entre la SEM y la FEMS se
habian afianzado, de modo que se acordd propo-
ner al Presidente, César Nombela como Vicepre-
sidente o Secretario General de FEMS durante el
FEMS Council Meeting que tuvo lugar en Ma-
drid en 1989. Esta reunién fue organizada por la
entonces delegada de la SEM en FEMS, y Secre-
taria de la Sociedad, Concepcién Garcia
Mendoza. Era la primera vez que la reunion
general de FEMS se celebraba en Espafia. Igual-
mente, se habia conseguido el apoyo de FEMS
para el “Workshop” sobre “Bacterias haléfilas”,
organizado por Francisco Rodriguez Valera, en
Alicante (1989).

Una ayuda a la expansion de la revista de la
SEM vino con una financiacién complementaria
obtenida del Fondo Nacional para la Investiga-
cién Cientifica y Técnica. Se empez6 a distribuir
a las bases de datos internacionales y bibliotecas
de renombre sugeridas por el entonces ICYT
(Centro de Informacién Cientifica y Técnica del
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CSIC). Anteriormente, su distribucidn se limita-
ba a las sociedades de microbiologia de FEMS y
latinoamericanas, junto con los intercambios de
revistas establecidos por el CSIC con la anterior
publicacién Microbiologia Espaiiola. Por su
parte, el Boletin Informativo, a cargo de Rosali-
na Pomés, empez6 a incluir informacién sobre
cursos de doctorado y de postgrado organizados
por las distintas universidades espafiolas, si-
guiendo los acuerdos de la reunién monografica
de Sigiienza. En la misma linea, el Presidente
propuso la puesta en marcha de un programa
sobre ensefianza de la microbiologia, con objeto
de tratar la homologacién de esta materia en las
diferentes facultades y escuelas donde se impar-
tia. Se constituyé una comisién, con Andrés
Chordi como coordinador y representante de las
facultades de Farmacia, José Prieto por Medici-
na, Enrique Montoya por Biologia, Ezequiel
Cabrera por Ingenieria Agronémica y Elfas Ro-
driguez Ferri por Veterinaria.

La CECT, por su parte, habia conseguido
incorporar por un periodo de dos afios a Cristine
Dawson, procedente de la NCTC (National
Collection of Type Cultures, Gran Bretaiia).
Ademds, después de la reunién de Budapest,
estaba planeando participar en el siguiente en-
cuentro en Baarn (Holanda).

Como resultado de la encuesta enviada a los
socios del Grupo de Virologia, se acordé su
mantenimiento temporal, a titulo testimonial y
con exencion del pago de la cuota. Al contar con
mas de 30 integrantes, de acuerdo con los
Estatutos, no procediala disolucién. Por su parte,
y después de consulta, el Grupo de Microbiologia
Clinica decidié su continuidad. Fernando
Baquero se encargaria de su revitalizacién y se le
darfa un enfoque mas bésico. El Grupo de
Micologia preparaba su préxima V Reunién, en
Barcelona en 1990, conjuntamente con la
Asociacién Espafiola de Especialistas en
Micologia (AEEM), bajo la direccién de José M.

Torres y de José Guarro. El Grupo de
Microbiologia de Alimentos también pensaba
celebrar su VII Reunién en Barcelona, en 1990,
acargo de Benito Oliver-Rodés Clapés. El nuevo
Grupo de Biodeterioro anunciaba su primera
reunién en Madrid en 1989, organizada por
Fernando Laborda.

Continuando con el tema abordado previa-
mente por las Sociedades integrantes de FEMS
en Londres, sobre “Organismos manipulados
genéticamente”, el Presidente, César Nombela,
propuso a la Junta Directiva la creacién de un
grupo de trabajo que tratara sobre el tema, aten-
diendo asi a la creciente importancia de esta
linea de investigacién. Rafael Sentandreu, que
formaba parte de la comision integrada por di-
versos organismos como CDTI, CICYT, MOPU,
INIA, y auspiciada por la CEE, fue propuesto,
junto con Tomds Ruiz Argiieso, Francisco Ruiz
Berraquero, Fernando Laborda y Francisco Ro-
driguez Valera, para la formacién de ese grupo
de trabajo, dedicado al “Manejo y liberacién al
medio ambiente de microorganismos manipula-
dos genéticamente”.

La respuesta de los socios para incluir sus
palabras clave en los ficheros de la SEM llegé
casi al 60%. Por otra parte, para impedir la
utilizacién de las siglas SEM por la Sociedad
Espafiola de Mesoterapia, se realizaron las ges-
tiones pertinentes. El problema quedé resuelto
por si solo, ya que la mencionada sociedad no
estaba correctamente registrada como asocia-
cién. A raiz de este hecho, se acordé introducir
las siglas SEM en los Estatutos, mediante una
enmienda que se presentaria en la siguiente Asam-
blea Extraordinaria, en el Congreso de Pamplo-
na. En el mismo se contemplaria la inclusién de
socios eméritos y estudiantes, asi como la reduc-
cién del nimero de firmas necesario para la
presentacién de candidaturas.

Correspondiendo la renovacion parcial de la
Junta Directiva, y de acuerdo con la dltima en-
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FIG. 2. Presidencia de la Sesién “Morfologia y Estructura” del XII Congreso Nacional de Microbiologia de Pamplona,
en 1989. Moderadores: Concepcién Garcia Mendoza y Juan Antonio Leal.

mienda de los Estatutos, se solicité por primera
vez la candidatura de Presidente Electo, asi como
la renovacién de Secretario, Tesorero y tres
Vocales. Tras la votacién resultaron elegidos:
Presidente Electo, Francisco Ruiz Berraquero;
Secretaria, Concepcién Garcia Mendoza; Teso-
rero, Juan Antonio Leal Ojeda, y Vocales, Julio
Casal Lombos, Ricardo Guerrero Moreno y
Bernabé Sanz Pérez, cubriendo Jorge Lalucat Jo
la vacante de Vocal producida por el paso de
Francisco Ruiz Berraquero a Presidente Electo.

La CECT, que continuaba su actividad inter-
nacional, participd en la reunién de Colecciones
de Cultivos Tipo de la CEE, celebrada en Brauns-
chweig (Alemania). Se habia conseguido, de la
propia CEE, financiacién para su total integra-
cién informética en MINE (Microbial Informa-
tion Network Europe), lo cual permitia estable-
cer nudos informdticos especializados entre las
distintas colecciones y la sede central de Alema-
nia. A lavez,la CECT realizaba gestiones ante el
Ministerio de Industria para la obtencién del
titulo de Autoridad de Depésito Internacional de
Patentes.

Se atendié la peticién de la [UMS de renovar
el nombramiento de representante de la SEM en
la Divisién Internacional de Virologia, refren-
dando por acuerdo la anterior designacién de
Rafael Ndjera, pese a las diferencias surgidas en
su dia con motivo de la fundacién de la Sociedad
Espafiola de Virologia. Debido a la renuncia de
Rosalina Pomés como Coordinadora del Boletin
Informativo, se acordé nombrar a Josefina
Rodriguez de Lecea para tal cargo. Igualmente,
habiendo finalizado el plazo de vigencia, segiin
los Estatutos, para el cargo de Editor—-Coordina-
dor de la revista, fue propuesto para el siguiente
periodo Juan Antonio Ordéiiez Pereda.

El curso para estudiantes de ultimo afio de
carrera se denominaria finalmente “Ciclo de
conferencias de iniciacidn a la investigacién en
Microbiologia”. Su primera edicién iba a
realizarse en Segovia, bajo ladireccién de Ernesto
Garcia Ldpez, y seria financiado conjuntamente
por la SEM y por la Fundacién Ramén Areces.
Se anunciaria oficialmente en el Congreso
Nacional de Pamplona, donde Ernesto Garcia
recibiria el tercer Premio de la SEM, dedicado
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esta vez a Lorenzo Vilas. Con motivo de la
celebracién del Consejo de FEMS en Madrid,
con el Comité Ejecutivo y la reunién de
Delegados, donde se decidiria sobre la
candidatura de César Nombela como futuro
Vicepresidente, se acordd celebrar conjuntamente
una Junta Directiva de la SEM, para que todos
pudiesen participar de este acontecimiento. La
candidatura de César Nombela fue aceptada vy,
segun el procedimiento habitual, seria sometida
a votacion en el siguiente Consejo de FEMS, en
Parfs en 1990. Una vez aprobada, el nombra-
miento se harfa efectivo en 1991.

XII Congreso Nacional de Microbiologia

El XII Congreso Nacional de Microbiologia
se celebr6 en la Facultad de Medicina de Pam-
plona durante los dias 24 a 27 de septiembre de
1989, y fue organizado por Ramén Diaz Garcia.
La conferencia inaugural fue pronunciada por
Ernesto Garcia, ganador del Premio de la SEM,
y estuvo dedicada a Lorenzo Vilas, uno de los
fundadores de nuestra Sociedad y que, ademas,
desempeii6 el cargo de Secretario durante veinte
afios. La conferencia de clausura estuvo a cargo
de Jesis Guinea Sanchez-Uzabal. El congreso
conté con tres simposios internacionales, die-
ciocho mesas redondas y mas de seiscientas
contribuciones en forma oral y en paneles, distri-
buidas en doce secciones tematicas. Hubo una
asistencia de cerca de mil microbiélogos espa-
fioles y destacados microbiélogos extranjeros.

Periodo 1989-1991

En la Junta General Ordinaria celebrada en
Pamplona con motivo del XII Congreso Nacio-

nal, se describieron las actividades realizadas a
lo largo del bienio anterior, se hizo entrega del
titulo de Socio de Honor a Julian Davies y se
anuncié la propuesta del Presidente, César
Nombela, como Vicepresidente de FEMS. Tam-
bién se comunicé el relevo del anterior Editor—
Coordinador de la revista, que a partir de ese
momento serfa Juan Antonio Ordéiiez. El Presi-
dente, César Nombela, se despidié en su tltima
intervencion ante la Asamblea de la SEM. Final-
mente, se acordé la celebracion del siguiente
Congreso Nacional en Salamanca, aceptando la
propuesta de Julio R. Villanueva.

La Junta General Extraordinaria aprobd, tras
votacién, la enmienda de los articulos 1, 8 y 14
de los Estatutos.

En su andadura ordinaria, la Junta Directiva
traté de la celebracién del cincuentenario de la
Sociedad Francesa de Microbiologia, la cual
habia invitado a participar a todos los Presiden-
tes de las Sociedades Europeas. Se estaba consi-
derando, a la vez, la proximidad del cincuenta
aniversario de la SEM. Los Grupos Especializa-
dos continuaban organizando sus reuniones pe-
riédicas . Asi, el Grupo de Taxonomia Bacteriana
celebraria su III Reunién (Murcia, 1990), bajo la
direccién de Francisco Torrella; el Grupo de
Aragoén, Rioja, Navarra y Soria, su II Reunién,
(en Huesca), organizada por Antonio Rezusta.
El Grupo de Microbiologia Industrial realizé
una intervencién en el III Congreso Nacional de
Biotecnologia (Murcia, 1990), a cargo de José
Luis Iborra, que estaba organizando cursos so-
bre “Empleo de los ordenadores en Microbiolo-
gia” y sobre “Genética de levaduras principal-
mente vinicas” en Valencia, en colaboracién con
José Martinez Peinado. El Grupo de Microbiolo-
gia Clinica habia emprendido sus actividades y
Fernando Baquero estaba organizando una re-
unién en Leganés (Madrid) sobre “Microbiolo-
gia ambulatoria”, a la que seguirian otras en el
Colegio de Médicos de Madrid. El Grupo de
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Biodeterioro habia comenzado a preparar una
reunién internacional, también en Madrid, para
1991. Se haria en colaboracién con la Sociedad
Inglesa de Biodeterioro, y se dedicaria a
“Biodeterioro en Espafia” y “Biodeterioro en
obras dearte”. Por su parte, el Grupo de Micologia
planificaba su correspondiente reunién, conjun-
tamente con la AEEM, en Tenerife, a cargo de
Luis Rodriguez. Esa reunién se denominaria I
Congreso Nacional de Micologia. El Grupo de
Microbiologia de Alimentos preparaba una re-
unién en Céceres, bajo la direccién de Miguel
Angel Asensio. Ambas reuniones se celebrarian
en 1992. Por otra parte, el Grupo del Noroeste no
alcanzaba a reiniciar su gran actividad anterior,
por lo que urgia darle una solucién. Esta se haria,
como en otras ocasiones, mediante consulta a
sus miembros.

La CECT habia finalizado la tercera edicion
del Catdlogo de Cepas, esta vez en inglés, para
poder realizar intercambios internacionales. La
dltima reunion del Proyecto MINE se habia ce-
lebrado en Santa Maria Ligure (Génova, Italia),
y la siguiente serfa en Valencia, organizada por
Federico Uruburu, junto con el Grupo de Taxo-
nomia Bacteriana. La CECT se encontraba ads-
crita ala Universidad de Valencia como servicio
oficial de la misma, contando con sus propios
estatutos, y, proximamente, con nuevos locales
en un edificio, también nuevo, dedicado a servi-
cios de la Universidad. A su vez, el CSIC habia
concedido una plaza de ayudante cientifico.

El primer Ciclo de conferencias de iniciacién
alainvestigacion en Microbiologia, organizado
en Segovia bajo la direccién de Ernesto Garcia,
habia alcanzando un gran éxito. Ricardo Guerrero
se ofreci6 para organizar el segundo en Sitges
(Barcelona), para el siguiente afio. La revista,
bajo la direccién de Juan Antonio Ordéiiez,
continuaba adelante y, para facilitar su inclusién
en Current Contents, habia incorporado a varios
cientificos extranjeros en el Comité Editorial. El

Boletin Informativo, bajo ladireccién de Josefina
Rodriguez de Lecea, introducia novedades como
“Opinidn de los socios® y ofertas de trabajo en la
industria, investigacion, etc.

La secretaria de la SEM habia instalado un
fax y se estaba confeccionando un triptico y un
poster para difundir las actividades de la Socie-
dad. Este material se enviaria a los Departamen-
tos de Microbiologia de las universidades y del
CSIC, hospitales, y demds centros. Se habia
recibido la candidatura de J. Farmer III (Atlanta,
EE. UU.) como Socio de Honor de la SEM,
presentada por Rafael Gémez-Lus.

Las relaciones de la SEM con la IUMS eran
cada vez mads intensas. El Presidente, César
Nombela, participé en la reunién ejecutiva en
Berlin en 1990, coincidiendo con el Congreso
Internacional de Virologia, mientras que los res-
pectivos Congresos de Bacteriologiay Micologia
tuvieron lugar en Osaka (Jap6n). Nuestra Socie-
dad estuvo representada por Antonio Ventosa,
quien fue nombrado miembro del Comité Inter-
nacional de Sistemdtica Bacteriana (ICBS). En
la Asamblea General se aprobé la publicacién de
la nueva revista World Journal of Microbiology
and Biotechnology, que se enviaria a todas las
sociedades integrantes de la Unién Internacional.

En el Consejo Ejecutivo de FEMS, celebrado
en Parfs en 1990, al que asisti6 la delegada de la
SEM, Concepcién Garcia Mendoza, se presentd
la propuesta de organizar en Espafia, en 1992, un
nuevo Simposium FEMS, esta vez sobre
“Bacterial growth and lysis: metabolism and
structure of the sacculus”, a cargo de Miguel
Angel de Pedro. Una vez mds, la SEM contd con
una beca FEMS para investigadores jovenes.
César Nombela fue elegido Vicepresidente de
FEMS.

El CSIC, por su parte, habia comunicado a la
SEM la posibilidad de cambio de local de nues-
tra secretaria. El nuevo estaria en Hortaleza,
104. Ademas, gracias a la inclusién de las pala-
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bras clave en los ficheros de socios, se pudieron
poner en contacto especialistas espafioles con
los grupos extranjeros que asf lo solicitaban. De
nuevo las siglas SEM fueron utilizadas indebi-
damente por otra sociedad cientifica, en este
caso la de Malacologia. Se procedié en conse-
cuencia, y la citada sociedad admitié y enmend6
su error. El cuarto Premio de la SEM correspon-
di6 a Antonio Ventosa, quien pronunciaria la
correspondiente conferencia plenaria durante el
XIII Congreso Nacional, en Salamanca. Para
atender a la peticion del FIS de un representante
de la SEM especialista en tuberculosis, se desig-
né a Vicente Ausina.

Correspondiendo una vez mds la renovacion
parcial de la Junta Directiva, y tras haber solici-
tado las correspondientes candidaturas, se in-
corporaron a la nueva Junta, después de la vota-
cién preceptiva, las siguientes personas: Vice-
presidente, Rafael Rotger Anglada; Secretario
Electo, Juan Antonio Leal, y Vocales, Enrique
Montoya Gémez, Jorge Lalucat Jo y Sara Isabel
Pérez Prieto, a la vez que se hacia el relevo del
Presidente. Tomé posesién de este cargo Fran-
cisco Ruiz Berraquero, hasta ese momento Pre-
sidente Electo. A César Nombela se le nombré
invitado permanente en la Junta Directiva de la
SEM, durante el tiempo que permaneciese como
Vicepresidente de FEMS.

Préxima la celebracién del XIII Congreso
Nacional, Ricardo Guerrero presento el progra-
ma del segundo Ciclo de conferencias de inicia-
cién a la investigacién en Microbiologia, que se

celebraria en Sitges en 1991. También anuncid
la preparacién del 6th International Symposium
on Microbial Ecology (ISME-6), del cual habia
sido nombrado presidente por el ICOME
(International Committee on Microbial Ecology),
y que se celebraria en Barcelona en septiembre
de 1992. Seguidamente, present6 la candidatura
de Moselio Schaechter (Boston, EE. UU.) como
Socio de Honor de la SEM, nombramiento que,
tras la consulta preceptiva a los socios, tendria
lugar durante el Congreso de Salamanca.

XIII Congreso Nacional de Microbiologia

El XIII Congreso Nacional tuvo lugar en las
Facultades de Ciencias Bioldgicas y Fisicas de
Salamanca, durante los dias 15 al 18 de julio de
1991, organizado por Julio R. Villanueva. Pro-
nuncié la conferencia inaugural Paul Nurse y la
de clausura Manuel E. Patarroyo. El Premio de la
SEM volvié a estar dedicado a la figura de Jaime
Ferran, como homenaje a su labor en la vacuna-
cidén anticolérica. La conferencia correspondiente
al Premio estuvo a cargo de Antonio Ventosa.
Ademas, hubo otra conferencia plenaria, que fue
impartida por Emilio Bouza Santiago. Se organi-
zaron doce simposios y cinco mesas redondas.
Las mds de quinientas comunicaciones libres
fueron expuestas en forma de paneles. Asistie-
ron més de mil microbiélogos espaiioles y pres-
tigiosos invitados extranjeros.

Al alcanzar ya con este capitulo el afio 1991, queda cubierta la mayor parte de la historia de la

Sociedad. En el préximo niimero de la revista registraremos los principales acontecimientos de la

etapa mds reciente, la que va desde los afios 1991 a 1995, con lo cual daremos fin a esta serie de

articulos.
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José Luis Canovas Palacio-Valdés (1934—1995)"

Gonzalo Giménez Martin

Centro de Investigaciones Bioldgicas, CSIC, Madrid, Espafia

José Luis Canovas Palacio-Valdés
(14.10.1934-05.09.1995) naci6 en Totana (Mur-
cia) y residié6 la mayor parte de su vida en
Madrid. Quién sabe si por esa tendencia humana
a recordar el propio origen, su fallecimiento se
produjo en la localidad que le viera nacer. Alum-
no aplicado, realizé el bachillerato en el Colegio
del Pilar de Madrid; finalizado éste, comenzé
sus estudios de abogacia atraido, en parte, por la
profesién paterna. Sin embargo, una intensa vo-
cacién cientifica le obligd a modificar su trayec-
toria académica: en 1954 comenzé la Licencia-
tura en Farmacia en la Universidad Complutense
de Madrid. Ello fue clave para su total dedica-
cién posterior. Un hito importante lo marca la
figura del Prof. José Maria Albareda, entonces
Catedratico de Geologia Aplicada de la Facultad
de Farmacia y secretario general del Consejo
Superior de Investigaciones Cientificas (CSIC).
El Prof. Albareda seleccionaba entre sus alum-
nos aquéllos que consideraba mds idéneos y
sobresalientes para una posible dedicacién a la

investigacién cientifica. De esta manera, José
Luis Canovas fue uno de los escogidos, pasando
a integrarse en un grupo conocido como “Club
Edaphos”, dentro del Instituto de Edafologia y
Fisiologia Vegetal. Estaba formado por cientifi-
cos jévenes: unos, recién licenciados, y otros,
cursando ailn sus estudios académicos. Dentro
de la promocién de 1960 de la Facultad de
Farmacia habfa tres componentes del Club Eda-
phos, tres intimos amigos y compaifieros: José
Luis Cénovas Palacio-Valdés, Jorge Ferndndez
Lépez-Séez y Emilio Muiioz Ruiz, que obtuvie-
ron los expedientes académicos més sobresa-
lientes, galardonados con Premios Extraordina-
rios de Licenciatura. Los tres iniciarian, araiz de
la finalizacién de sus estudios universitarios, la
conexioén con cientificos del CSIC, a fin de
realizar la tesis doctoral.

En 1961, José Luis Canovas fue el primer
becario del Prof. Manuel Losada, que acababa de
regresar de la Universidad de California, en
Berkeley, donde habia trabajado con grandes

*Al cumplirse el primer aniversario del fallecimiento de nuestro compaifiero José Luis Cénovas, a
quien muchos socios de la SEM conocieron y admiraron, Microbiologia SEM quiere recordar su figura
publicando este breve articulo como homenaje a un gran cientifico y a una persona de inolvidables

cualidades humanas.

Correspondencia: Gonzalo Giménez Martin. Centro de Investigaciones Bioldgicas, CSIC. Veldzquez, 144.
28006 Madrid. Espaiia. Tel.: +34-1-5611800. Fax: +34-1-5627518.
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FIG. 1. José Luis Céanovas Palacio-Valdés, en su
laboratorio del Centro de Investigaciones
Biolégicas, CSIC, en la calle Veldzquez, 144,
Madrid (hacia 1989).

maestros de la biologia moderna: David Arnon,
Roger Y. Stanier, Melvin Calvin, y otros. Bajo la
direccién del Prof. Losada, extraordinario maes-
tro, José Luis Cénovas inici6 su andadura por la
investigacién cientifica a través de su tesis
doctoral,“Metabolismo del acetato y piruvato en
bacterias y levaduras de panaderia”. Con ella
obtuvo, en 1964, el titulo de Doctor en Farmacia,
con Premio Extraordinario, y publicé varios tra-
bajos en tres de las revistas internacionales mas
prestigiosas del momento: Biochimica et
Biophysica Acta, Biochemische Zeitschrift y
Archives of Microbiology.

A finales de 1964 José Luis C4novas se tras-
lada, como becario del British Council, a la
University of Leicester, Gran Bretafia, a fin de
ampliar su formacién en el Departamento de
Bioquimica, bajo la direccién del Prof. Hans L.
Kornberg. José Luis Canovas volvié a demostrar
su valia cientifica personal; fruto de su estancia
en Gran Bretafia fue la publicacién, como primer
autor, de dos trabajos sobre la fosfopiruvato
carboxilasa, uno en Biochimica et Biophysica
Acta y otro en Proceedings of the Royal Society
of London.

De vuelta a Espaiia, recibe un contrato de la
University of California, Berkeley, en calidad de
“Assistant Research Bacteriologist™, adscrito al
Department of Bacteriology and Immunology,
bajo la direccién del Prof. Stanier. Se va a
California a principios de 1966, donde desarro-
1la una intensa actividad cientifica, fruto de la
cual son cinco nuevos trabajos en los que figura
como primer autor, uno en Science, tres en
European Journal of Biochemistryy otro en The
Biochemical Journal.

José Luis Canovas vuelve a Espaiia a finales
de 1967. Por entonces se le propone trasladarse
al Instituto Pasteur, pero Cénovas no se decide
por ir a Paris, aunque si realiza una visita al
Pasteur ese mismo afio. Suidea era no ausentarse
de Espafia, sino trabajar en el recién creado
Instituto de Biologia Celular y volcarse en la
investigaci6n cientifica, para comunicar todo lo
que habia aprendido en el extranjero en pro de la
ciencia espafiola y en la formacién de nuevos
postgraduados de nuestro pais...

...Y reinicia su labor en Espafia. Ya desde
1965 era Ayudante cientifico, adscrito al Institu-
to de Edafologia y Fisiologia Vegetal. En 1967
fue nombrado Colaborador Cientifico en el Ins-
tituto de Biologia Celular; en 1971, Investigador
Cientifico; y en 1974, Profesor de Investigacion
adscrito a dicho Instituto. Durante estos afios
dirige varias tesis doctorales y colabora con los
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Drs. Manuel Ruiz-Amil y Gertrudis de Torronte-
gui. Como todo investigador con ganas de traba-
jar, solicita ayudas econdémicas para realizar sus
estudios. Unas veces, en Espaiia, con los fondos
provenientes de entidades privadas: la Divisién
Farmacéutica Lepetit (los afios 1968-1969) y la
Fundacién Rodriguez Pascual (los afios 1975-
1976). Otras veces, de organismos piblicos, como
el Fondo Nacional para el Desarrollo de laInves-
tigacion Cientifica y Técnica. Entre 1970y 1991
esas diversas entidades patrocinaron nueve pro-
yectos de investigacidon en los que particip6.
También recibié ayudas de instituciones extran-
jeras, como los National Institutes of Health
(EE.UU.), entre 1971 y 1973.

Recibi6 en 1980 la encomienda de la Orden
del Mérito Civil, ocupé diversos cargos en la
direccién del Instituto de Biologia Celular, asi
como en el organismo central del CSIC, alcan-
zando en 1978 la vicepresidencia del mismo.
Cientifico de excepcién, investigd durante una
primera etapa (1963—-1977) los organismos pro-
cariontes, preferentemente fisiologia y bioqui-
mica bacterianas con relacién al anélisis de rutas
metabdlicas. Entre 1977 y 1983 desarrolla su
investigacioén sobre la proliferacién celular en
bacterias. Y en su dltima etapa (1983-1995),
siguié estudiando el ciclo celular proliferativo
en células eucariontes, contando en este periodo
con la colaboracién de Jorge Fernandez Lopez-
Séez, Aurora Gonzalez Fernandez, Matilde Her-
ndndez-Navarrete, Gonzalo Giménez Martin y
Consuelo de la Torre y Garcia Quintana.

La labor cientifica de José Luis Cdnovas ha
recibido justo reconocimiento, tanto en el 4mbi-
to nacional como en el internacional: miembro
del jurado del Premio Bernardo Houssay, de la
Organizacién de Estados Americanos; vocal de
la European Science Foundation; vocal del Co-
mité PNUD-Unesco; miembro electo de la
International Cell Resarch Organization; miem-
bro del Comité Planificador de la Academia

Europea, de la que se le nombré Académico
Fundador; miembro de la Real Academia de
Farmacia de Madrid, etc.

Con el fallecimiento del Prof. José Luis
Céanovas Palacio-Valdés la ciencia ha perdido un
gran participe de la misma; sus amigos, un ex-
traordinario cultivador de la amistad; y todos, un
entrafiable hombre bueno. Que Dios lo tenga en
su gloria.
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Indicadores de la actividad cientifica”

José M. Lépez Pifiero

Instituto de Estudios Documentales e Histéricos sobre la Ciencia, Facultad de Medicina,
Universidad de Valencia—CSIC, Valencia, Espafia

Entre los indicadores especificos de la
actividad cientifica figuran los bibliométricos,
que se basan principalmente en las caracteristicas
de su producto, que es claramente distinto de los
bienes y servicios de caricter tecnoldgico, ya
que solamente se realiza cuando una aportacién
al conocimiento se comunica a toda lacomunidad
cientifica mediante una publicacién. No hace
falta decir que deben ser manejados en estrecha
relacién con el resto de los indicadores sociales
y econémicos, asi como sometidos a las mismas
condiciones que €stos, en especial un riguroso
examen critico de su validez y fiabilidad.
Consisten en datos numéricos acerca de los

fenémenos sociales de produccién, transmision
y consumo de la informacién en el seno de las
comunidades cientificas determinadas, teniendo
en cuenta las funciones desempefiadas en ellas
por los distintos tipos de publicaciones y los
diversos patrones vigentes en cada una, sin
referencia precisa a los cuales no pueden ser
interpretados.

Todas estas condiciones son ignoradas por
los recuentos acriticos de publicaciones maneja-
dos como puntuaciones supuestamente biblio-
métricas. El mas difundido en la Espaifia de los
dltimos veinte afios ha sido el llamado factor de
impacto, resultante de contar el nimero de citas

* El presente texto corresponde a los tres ultimos apartados del articulo “Una ciencia independiente”, publicado por el

autor en el nimero 241 de larevista Historia 16 (pp. 183-192). Se publica aqui con el permiso del autor y de la revista citada.
José M. Lépez Piiiero es catedratico de Historia de la Medicina de la Facultad de Medicina de la Universidad de Valencia
y trabaja en el Instituto de Estudios Documentales e Histéricos sobre la Ciencia, centro mixto del Consejo Superior de
Investigaciones Cientificas y de la Universidad de Valencia. Es ampliamente conocido en el 4mbito nacional e internacional
por sus trabajos sobre historia de la medicina y la biologia. Ha desarrollado una extensa investigacion acerca de la influencia
del descubrimiento de América sobre la ciencia y la medicina europeas. También destacan sus estudios sobre cientificos
valencianos, particularmente del periodo de la Ilustracién. Es autor y coautor de numerosos libros y articulos. Entre los
primeros, podriamos destacar Diccionario histérico de la ciencia moderna en Espafia (Peninsula, 1983). Bajo su direccién
se han formado numerosos investigadores que, a su vez, dirigen otros grupos de trabajo en diversas universidades y centros
del CSIC.

Correspondencia: José M. L6pez Pifiero. Instituto de Estudios Documentales e Histdricos sobre la Ciencia.
Facultad de Medicina. CSIC-Universidad de Valencia. Av.Vicente Blasco Ibafiez, 15. 46010 Valencia.
Espafia. Tel: +34-6-3864164 Fax: +34-6-3613975.
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recibidas en las revistas incluidas en el reperto-
rio Science Citation Index, del que resulta obli-
gado ocuparse, debido a las cada vez més perni-
ciosas consecuencias de su empleo. En diversas
ocasiones hemos recordado que en los estudios
sociales sobre la ciencia se ha abandonado por
completo el modelo simplista acerca de las fun-
ciones desempeifiadas por las citas en la comuni-
cacién cientifica que hace un tercio de siglo
sirvié de fundamento al Science Citation Index.
En el debate en torno a la cuestién, importantes
especialistas han negado toda validez a los indi-
cadores basados en las citas, aunque la mayoria
considera que deben ser manejados con extrema
cautela y después sometidos a rigurosas criticas
en cada ocasion. Por otra parte, se ha demostrado
que las deficiencias técnicas de este repertorio
conducen a una proporcién media de errores
cercana al 25 por ciento. A lo sumo, el factor de
impacto obtenido a partir del mismo es una tosca
tasa de la repercusién en un conjunto de revistas
fundamentalmente angloamericanas, que de nin-
guna manera es representativa de la comunidad
cientifica internacional. Su manejo al margen de
todo criterio, sin conocimiento de la estructura y
la dindmica de esta ultima, es un lamentable
ejemplo de lo que Pitirim Sorokin, el gran soci6-
logo de Harvard, denominé cuantofrenia.
Resulta alarmante que continte utilizdndose
de este modo en nuestro pafs para la valoracién
de los aspirantes en cohcursos y oposiciones o
para la del rendimiento del personal docente e
investigador, como cémoda coartada que hace
innecesarias las estimaciones de los especialistas
de cada 4rea éientifica; evitando el compromiso
y los enfrentamientos que éstas plantean. Un
hechoreciente reflejala gravedad de la desorien-
tacion: un interesante articulo sobre las penosas
condiciones de servidumbre econémica que debe
cumplir una publicacién periédica de un pais
periférico paraser incluidaen el Science Citation
Index ha sido complementado, en la versién

castellana de una importante revista de sintesis,
por una nota en la que un prestigioso bioquimico
emite un diagndstico de la actividad cientifica
espafiola exclusivamente basado en el mismo y
con el tono terminante propio de la respuesta de
un oréculo.

El uso generalizado de este factor de impacto
se ha convertido en un poderoso estimulo parala
aberrante conducta de acumular papers y en un
grave peligro para el desarrollo normal del pe-
riodismo cientifico espaflol. Su principal presu-
puesto basico es, en efecto, que debe publicarse
exclusivamente en revistas extranjeras de eleva-
do factor de impacto y, en consecuencia, que no
son necesarias las revistas cientificas espafiolas,
cuya desaparicién o marginacion ha sido expli-
citamente propugnada. El triste final de la revis-
ta de Cajal durante la pasada década es todo un
simbolo. Las razones que invalidan este presu-
puesto son evidentes. No puede ignorarse la
subordinacidn a los intereses de las editoriales
que publican las revistas extranjeras en cuestién
y al poder de los mandarines académicos que las
controlan, ni tampoco son vehiculos adecuados
para multitud de funciones, entre ellas, todas las
relacionadas con las cuestiones cientificas plan-
teadas por nuestra sociedad. Por otro lado, ésta
es una de las raices de la degradacién en Espafia
del castellano como lengua cientifica, en con-
traste con su creciente importancia internacio-
nal. Convendria difundir las denuncias, algunas
serias y otras burlescas, que desde Latinoamérica
y los propios Estados Unidos vienen a decir que
el idioma de los cientificos espafioles actuales es
un spanglish paralelo al de los grupos latinos
marginales de las ciudades norteamericanas.

Ante la imposibilidad de exponer en este
lugar un acercamiento bibliométrico sistemético
a la actividad cientifica espafiola de las dos
dltimas décadas, nos limitaremos a ofrecer a
continuacién algunos datos sencillos que pue-
den resultar orientadores.
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El ambito de las publicaciones cientificas

Durante las dos dltimas décadas, los libros y
folletos de tema cientifico editados en Espaiia
han pasado de cerca de cuatro mil a cifras en
torno a seis mil titulos anuales. En relacién con
los publicados sobre estas materias, han oscilado
entre el diez y el quince por ciento, porcentajes
semejantes a los de paises como Francia, Italia,
Alemania, Holanda y Estados Unidos, algo infe-
riores a los de Gran Bretaiia, Japén y Suecia, y
muy por debajo de los de Suiza, Dinamarca y
Finlandia. Por razones obvias, la comparacién
con los que tenfan regimenes comunistas no
pueden hacerse directamente.

Varios patrones se han mantenido con esca-
sas oscilaciones a lo largo de estos veinte afios.
En la distribucién por 4reas de dichos titulos,
una cuarta parte ha correspondido a las ciencias
de la naturaleza, otra a las ciencias médicas y
otra a la ingenierfa: la restante se ha dividido
entre las matemadticas y la agronomia, en propor-
ciones que ahora son semejantes debido al creci-
miento de los titulos agronémicos. Los manuales
didacticos han significado aproximadamente el
quince por ciento del conjunto, aunque con dife-
rencias muy acusadas por areas, ya que han sido
la mitad en matemadticas y porcentajes inferiores
al dos por ciento en medicina y agronomia. Los
textos infantiles y juveniles apenas superan el
uno por ciento, proporciéon muy inferior al de los
paises mds avanzados de la Unién Europea. Los
libros traducidos han sumado en torno a un diez
por ciento en todas las dreas, con la excepcién de
las matematicas, en las que no llegan a cinco, y
las ciencias médicas, en las que se duplica dicho
porcentaje.

Las revistas circulantes en los repertorios y
bases de datos nacionales de bibliografia cienti-
ficano han aumentado de modo significativo alo
largo del periodo, oscilando en torno a trescien-
tas, de las cuales mas del cuarenta por ciento

estan dedicadas a la medicina. Tampoco lo han
hecho las incluidas en los internacionales, que
han sido aproximadamente la mitad de las ante-
riores. Ello contrasta con el notable crecimiento
que, como vamos a ver, ha experimentado el
nidmero de trabajos cientificos espafioles circu-
lantes a nivel internacional. La debilidad del
periodismo cientifico espafiol se manifiesta en
su baja tasa de revistas de larga pervivencia, con
una proporcién desmesurada de las de aparicion
practicamente ocasional, y sobre todo en su dis-
tribucién por instituciones editoras.

Dicha distribucién constituye uno de los
desajustes mds evidentes del panorama que
estamos considerando. Las universidades y el
Consejo Superior de Investigaciones Cientificas,
de donde proceden mds de tres cuartas partes de
la produccién cientifica espafiola, como
anotaremos a continuacién, publican solamente
una cuarta parte de las revistas circulantes tanto
nacional como internacionalmente. Por el
contrario, las asociaciones profesionales_y las
editoriales privadas publican mds del sésenta :
por ciento de ambas. Esta situacién no se produce
en ningtn otro pais de rango cientifico. Ademas,
hay que tener en cuenta que en su inmensa
mayoria las editoriales comerciales son
multinacionales.

Aumento de la actividad cientifica

Como hemos adelantado, los trabajos cienti-
ficos procedentes de las instituciones espaiiolas
incluidos en repertorios y bases de datos nacio-
nales e internacionales han experimentado
globalmente un notable crecimiento a lo largo de
las dos dltimas décadas. En los nacionales casi se
han duplicado, pasando de cifras inferiores a
ocho mil anuales a mas de quince mil. En los
internacionales, el crecimiento ha sido desigual
en las distintas dreas. El mas reducido ha corres-
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pondido a las ciencias médicas, cuyos trabajos
solamente han aumentado en torno a un cincuen-
ta por ciento, mientras que los de las ciencias
quimicas se han multiplicado por tres y los de
ingenieria, por mas de cuatro. En su conjunto, la
produccién espaifiola ha pasado a significar entre
elunoy elunoy medio por ciento de la circulante
en la comunidad cientifica internacional, que
supéra el millén de trabajos anuales.

Este crecimiento no tiene una interpretacién
sencilla, aunque de forma esquemadtica puede
decirse que se debe principalmente al aumento
efectivo del rendimiento de la actividad cientifi-
ca espafiola. Sin embargo, conviene afadir que
también se ha incrementado la proporcién de
trabajos publicados en revistas extranjeras. En-
tre los circulantes internacionalmente, dicha pro-
porcidn no llega a la mitad de las ciencias médi-
cas y agrarias, oscila alrededor del sesenta por
ciento en las quimicas y se acerca al ochenta en
las fisicas, pero es superior al noventay cinco en
las bioldgicas y la ingenieria, lo que constituye
otra seiial de la debilidad del periodismo cienti-
fico espaiiol.

En la distribucién de dichos trabajos por
instituciones, las universidades suman maés de la
mitad y el Consejo Superior de Investigaciones
Cientificas, una cuarta parte, seguidos de los
hospitales de la Seguridad Social, de los que
procede en torno al treinta por ciento de los
dedicados a las ciencias médicas. En la de los
circulantes a través de repertorios y bases de
datos nacionales, la participacién del Consejo
desciende por debajo del diez por ciento. Ambas
distribuciones muestran una acusada centrali-
zacién de la produccién cientifica en Madrid y
Barcelona, que reunen la mitad de los trabajos.

Los datos cuantitativos disponibles acerca
del consumo de la informacién cientifica son los
relativos a las ciencias médicas, obtenidos a
través de las referencias bibliograficas de los
trabajos publicados en las revistas espafiolas del
area. El indice de aislamiento (porcentaje dedicado
a publicaciones nacionales) oscila alrededor del
quince por ciento, resultando adecuado para un
pais de produccién cientifica de segundo rango.
También se ajusta a los patrones normales el hecho
de que ascienda a cifras cercanas al cincuenta por
ciento en las revistas de atencién primaria.

Por el contrario, la distribucién por paises de
dichas referencias refleja una situacién anormal,
ya que Estados Unidos suma mds del cincuenta
por ciento de las mismas, porcentaje que casi
duplica el que corresponde a las publicaciones
norteamericanas en el conjunto de las circulan-
tes en la comunidad médica internacional que
utiliza el inglés como lingua franca. Esta desme-
surada proporcidn, que supera incluso en torno a
diez puntos la que Estados Unidos tiene en las
referencias bibliograficas de las revistas médi-
cas britdnicas, se produce a costa de que los
porcentajes de Alemania, Francia, Suiza, Italia,
Paises Bajos, etcétera sean muy inferiores al
peso de estos paises en la literatura médica del
mundo occidental, a un aislamiento casi comple-
to de la importante produccién japonesa y a la
practica ausencia de la europea oriental y de la
latinoamericana. La desconexién con los paises
americanos de lengua castellana es un fenémeno
relativamente reciente. Resulta paradéjico que
se produzca en un periodo de creciente impor-
tancia del idioma, a pesar de la retérica herman-
dad y de las diversas iniciativas de cooperacién
existentes en todos los érdenes.
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OPINION

'Help! Latin! How to avoid the most common mistakes
~ while giving Latin names to newly discovered
prokaryotes

Hans G. Triiper

Institut fiir Mikrobiologie & Biotechnologie, Rheinische Friedrich-Wilhelms-Universitit,
Bonn, Germany

Most of the mistakes commonly made in
naming newly discovered species (and genera)
of prokaryotes (i.e. Bacteria and Archaea/
Eubacteria and Archaeobacteria) of transferring
species from one to another genus can be avoided
by following this advice:

(i) Gender of specific epithet

A common mistake is that, while forming
new combinations (nov. comb.) by transferring a
species to another genus, authors forget to change
the gender of the specific epithet if that of the
accepting genus differs from that of the former
genus. The epithet has to follow the genus in
gender!

Adjectival endings (suffixes) in Latin are in
Table 1.

Hypothetical examples: If the species “Blo-
cus limosus” would be transferred to the genus
“Leucobacterium”, it would become “L. limo-
sum” (nov. comb.). If “Ercobacter mobilis”
would be changed to “Aurigenium”, it would
have to become “A. mobile”.

Note that names ending on -bacter are treated
as masculine!

TABLE 1
Masculine Feminine Neuter Example*
(m.) (f) (n.)
-us -a -um  albus, alba, album
-is -is -e facilis, facilis, facile
-er -eris -ere celer, celeris, celere

*Meaning: white, easy, rapid.

(ii) Genus names formed from personal
names

These may be formed directly, or, alterna-
tively, as a Latin diminutive, and are always
feminine. Such Latin names depend on the end-
ing of the respective personal name. Proceed
according to Table 2.

Note that for names ending on -e and on -o
different alternatives have been—and thus must
be—used!

Some personal names in Europe were already
latinized in the 18th century and earlier. If they
end on -us, replace -us by -a or by -ella (diminu-

* Correspondence to: Hans. G. Triiper. Institut fiir Mikrobiologie & Biotechnologie. Rheinische Friedrich-
Wilhelms-Universitdt. D-53115 Bonn. Germany. Tel.: +49-228-732320. Fax: +49-228-737576.
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TABLE 2
Personal
name ending on Add ending Person Example Diminutive ending
Any consonant -ia Farmer Farmeria -ella or -iella
-a -ea Rochalima Rochalimaea Skip a, add -ella
-e -ia Burke Burkeia -lla
-e -a Benecke Beneckea -lla
-1 -a Nevski Nevskia -ella
-0 -nia Cato “Catonia” -nella
-0 -a Beggiato Beggiatoa -nella
-u -ia Mbutu “Mbutuia” -ella
-y -a Deley Deleya -ella

tive form). Example: personal name Bucerius,
organism’s name “Buceria” or “Buceriella”.

Examples for diminutive names are, e.g.
Salmoneila, Klebsiella, Shigella, “Catonella”,
“Mbutuella”, “Deleyella”.

(iii) Specific epithets formed from per-
sonal names

In principle there are two possibilities to
proceed in either choosing the adjectival form
(a) or the substantival form (b):

(a) Latinize the personal name according to
column 2 of the preceding table and add the
ending -nus (m.), -na (f.) -num (n.) according to
the gender of the genus name. Thus you have
formed an adjective that has the meaning of
“pertaining, belonging to the person...”.

(b) Latinize the name according to the sex of
the person to be honored and form the genitive.
To do this correctly, use the advice given in
Table 3.

The problem with names ending on -a is that
they may be latinized in four different ways (for
example: the name MacKenna):

(i) Treat MacKenna as if it were a classical
Latin name like Seneca. Then it follows the
a-declination, and the genitive for Ms. or Mr.
MacKenna would give the same specific epi-
thet, “of
MacKenna”.

(ii)) The other three possibilities allow to

namely mackennae, meaning

recognize the sex of the person the new organism
is to be named after. Mr. MacKenna is latinized

TABLE 3

Name ending

Add for female person

Add for male person

-a -e, -eae, or -iae
-e -ae

-i -ae

-0 -niae

-u -iae

-y -ae

-er -ae

Any other -iae

-e (classic), -i, -ei, or -ii
-i
-i
-nis (classic) or -nii
-ii
-i
-
-ii
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to Mackennaus, which results in the specific
epithet mackennaei (only m.)

(iii) The name is latinized to Mackennaeus
(m.) (like Linnaeus) or Mackennaea (f.) with the
consequence that the specific epithet is
mackennaei (m.) or mackennaeae (f.), respec-
tively.

(iv) The name is latinized to Mackennaius
(m.) or Mackennaia (f.) so that the specific epi-
thet would be mackennaii (m.) or mackennaiae
(f.), respectively.

The reader will understand that the latter two
possibilities, although permissible, look and
sound rather awkward and are due to produce a

lot of misspellings. Therefore I strongly recom-
mend to use the first two versions only.

Examples (partly hypothetical) for epithets
derived from personal names are: smithii,
maxwelliae, ottonis, ottonii, catoniae, novyi,
daleyae, nealsonii, verdii, milleri, carpenterae,
micdadei, postgatei, stanieri, dorotheae.

(iv) Specific epithets derived from names
of localities

These are used to indicate the place of origin
or occurrence of organisms. They are constructed
by adding to the locality’s name the ending
-ensis (m. or f.) or -ense (n.) in agreement with
the gender of the genus name. Only if the name
of the locality ends on -a or -e, these vowels are
dropped before the addition of -ensis/-ense. Ex-
amples: Thiospirillum jenense (from Jena).

Do not form epithets by use of the latinized
locality’s name in the genitive! (e.g. londoni
instead of the correct londonensis).

Exceptions are those cases where there exist
regular Latin adjectives that have been in used
for countries, continents, rivers, cities, etc. at

least since the middle ages, such as:
europaeus, africanus, asiaticus, americanus,
italicus, romanus (Rome), germanicus,
britannicus, gallicus, polonicus, hungaricus,
graecus, hispanicus, rhenanus (Rhine), frisius,
saxonicus, bavaricus, bohemicus, mediterraneus
(Mediterranean Sea), etc...

(v) Names combined from words of Greek
and Latin origin

When names are combined from two or more
words of Greek or/and Latin origin, there is an
easy rule to follow:

a) If the first compound is Latin, the connect-
ing vowel is an -i-, no matter whether a Greek or
Latin compounds follows.

b) If the first compound is Greek, the con-
necting vowel is an -o-, no matter whether a

Greek or Latin compound follows.

c) If the second compounds starts with a
vowel, no extra connecting vowel is required.

Examples:

a) rectivirgula, lactilyticus, avipneumoniae,
omnivorans, Aquifex.

b) Halobacterium, chromofuscus, Pseu-
domonas, Leuconostoc.

) acetoxidans, salexigens.

General advice: Consult the International
Code of Nomenclature of Bacteria (1990 Revi-
sion), published in 1992 by the American Soci-
ety for Microbiology, 1325 Massachusetts Ave.
N. W., Washington, D. C. 20005, USA.

This consists of the Code itself plus 10 Ap-
pendices, of which especially Appendix 9 re-
lates to the matters listed above.

If you really get a problem with a name, send
me a fax (+49-228-737576). I promise to help.
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V ENAMA /1 Encontro Nordestino
de Microbiologia Ambiental

Fortaleza - Ceara (Brasil)
2-5 de diciembre de 1996

Del 2 al 5 de diciembre de 1996 tendra lugar en Fortaleza-Ceara (Brasil), el
VENAMA /1Encontro Nordestino de Microbiologia Ambiental. El congreso estd patrocinado
por las Universidades Federales de Ceard y de Paraiba, y contard con la participacién como
conferenciantes invitados de:
—Erko Stackebrandt, Deutsche Sammlung von Mikroorganismen, Braunschweig, Alemania
—Takor Patel, Memorial University Newfoundland, Canada
—Ricard Guerrero, Universidad de Barcelona, Espaiia
—Johana Dobereiner, URRJ-EMBRAPA, Brasil
—Jan Dirk van Elsas, Institute for Soil Fertility, Holanda

Se organizardn sesiones de pdésters sobre microbiologia acudtica y
microbiologia terrestre, asi como mesas redondas y simposios sobre diferentes aspectos de
la microbiologia ambiental. Entre ellos:

—Biotecnologia Ambiental. Coord: Rosana F. Vazoller, UFSCarlos, Brasil
—Ecosistemas Acudticos. Coord: Victoriano Campos, Univ. de Valparaiso, Chile
—1I Encontro Regional de Microbiol. Ambiental. Coord.: José Siqueira Jr., UFPb, Brasil

—Ecosistemas Terrestres. Coord: Allen Norton Hagler, UFRJ, Brasil

Los dias 2, 3 y 4 de diciembre se celebraran reuniones de trabajo que estaran coordinadas
por diferentes especialistas, tanto invitados como de la organizacién del congreso:
Biotecnologia Ambiental (P. Sidnchez, Brasil), Ecosistemas Acuéticos (R. B. de Oliveira,
Brasil), Ecosistemas Terrestres (M. A. Rezende, Brasil).

Puede solicitarse informacién a:

Profa. Dra. Regine H. S. dos Fernandes Vieira
Presidente do V ENAMA /I Encontro Nordestino de Microbiologia Ambiental
Ministerio da Educacéo
Universidade Federal do Cearéd
Laboratério de Ciéncias do Mar
Av. da Abolicao 3207, Caixa Postal 52.756
CEP: 60.165-082 Fortaleza - Ceara - Brasil
Tel.: +55-85-2446422. Fax: +55-85-2618355.
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OPINION

The ins and outs of scientific writing

Frances Luttikhuizen

Departament de Geoquimica, Petrologia i Prospeccié Geologica, Facultat de Geologia,

Universitat de Barcelona, Barcelona, Esparia

Scientific writing is an integral part of any
scientific career. Proposals must be written to
secure research funding, then progress reports
must be written to maintain that funding and,
finally final reports must be written to present
the results. A professional scientist’s writing
obligations do not diminish as his or her career
advances; in fact, they increase. It has been
calculated that research scientists spend at least
one-third of their time at their desks writing.
Because very few European institutions of higher
learning offer courses in technical writing, many
scientists never have the opportunity to learn
that scientific, or technical, writing is a genre in
itself with its own idiosyncrasies.

Scientific writing is not easy; there are no
shortcuts. Like all effective writing, it is hard
work. Even the best writers, writing in their own
language, struggle with every paragraph, every
sentence, and every phrase. They write and re-
write. The task becomes even more difficult for
non-natives. Styles change. What is good scien-
tific discourse in certain societies is not neces-
sarily considered good style by other scientific
communities. Times change. What was accepta-
ble one hundred years ago is not considered
strong scientific writing today. Because 80% of
all scientific writing today is done in English,

this paper will try to highlight some of the prob-
lems that arise and will try to help you to make
your writing more effective. It will center around
two basic difficulties which must be faced when
writing an article: language and structure.
Communicating results is just as important as
obtaining results. While most scientists find criti-
cism to their theories and experiments challeng-
ing, they become defensive when they are asked
to rewrite their reports. The time and care spent
on the research is seldom reflected in the writ-
ing. Obviously the intellectual demands for writ-
ing a scientific paper are not, and never will be,
those for splicing genes, nonetheless much sci-
entific effort can be wasted if those who must
read about it find the reading tedious. The gen-
eral attitude that if scientists could write they
would be writers, and not scientists, is an excuse
no scientist who considers himself or herself a
professional can afford. Hopefully the brief
guidelines that follow will be of help the next
time you sit down to write a scientific article.

Language

Scientific language is precise, clear and famil-
iar. It should be straightforward and concise. When
you are clear and simple, conciseness follows;

Correspondence to: Frances Luttikhuizen. Departament de Geoquimica, Petrologiai Prospeccié Geologica.
Facultat de Geologia. Universitat de Barcelona. Av. Diagonal, 645. 08028 Barcelona. Espaiia.
Tel.: +34-3-4021399. Fax. +34-3-4021340. E-mail: frances @antartida.geo.ub.es
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when you are precise and familiar, clarity follows.
Clarity is the most important quality of good writ-
ing, and clarity is largely a result of proper organi-
zation. Being precise, on the other hand, does not
mean presenting every single detail; it means se-
lecting only the relevant details.

Always keep your reader in mind. Do not
overburden him or her with non relevant minutia.
The purpose of scientific writing is to inform,
not to impress. Keep your sentences simple.
Prepositional phrases are important because they
provide transition for incorporating details, but
too many of them can confuse the reader. Ab-
stract nouns that precede the word «of» should
also be avoided. Instead of saying, for example,
«it is used for the detection of» say «it detects»,
or instead of «it is for the production of» say «it
produces», or instead of «it has a tendency to»
say «it tends to». These wordy constructions not
only waste reading time, but also attract super-
fluous words that cloud up important details.

Another misconception is the exaggerated
use of passive verbs, Latin based words, and
verb phrases (not phrasal verbs). That type of
writing belongs to the formal style of the 17th
century. It weakens scientific writing. Winston
Churchill once said: Short words are the best and
old words when short are the best of all.

Active verbs are much more forceful than
passive verbs. Do not be afraid to use «I» or
«we». After all, you did the research, not some
unimportant, invisible, or unknown agent, and
you deserve the recognition. Why then recur to a
sentence structure that focuses on the predicate
at the expense of the agent? The preference for
passive verbs over active verbs has its parallel
with the preference for Latin-based words over
simple Anglo-Saxon words. Three or four sylla-
ble Latin-based words do not make your writing
sound more scholarly; in any case, they may
make it sound somewhat pretentious, which is
something you really want to avoid. Contrary to

what many non-natives think, using «start» in-
stead of «activate», «part» instead of «compo-
nent», «made up of» instead of «consists of»,
«show» instead of «demonstrate» or «use» in-
stead of «utilize» in no way downgrades their
writing; it may, in fact, upgrade it in the eyes of
the modern reader.

Two final suggestions to avoid wordiness
include being aware of redundancies and staying
away from needless verb phrases. By redun-
dancy we mean the needless repetition of words
that add nothing to the meaning of a main word.
Examples of redundancies in scientific writing
are «already existing», «a blue color», «still
persists», «continue to remain», «mix together»,
and so on. Simply say «existing», «blue», «per-
sists», «remain», or «mix». Examples of verb
phrases to be avoided in good scientific writing
are «make a decision», «make a suggestion»,
«be capable of», etc. These should be reduced to
«decide», «suggest» or «can».

Structure

Just as choice of vocabulary is important for
efficient communication, so is the way in which
you structure your paper or report. Structuring
means much more that organizing the paper into
the basic sections of Summary, Introduction,
Materials and Methods, Results, Discussion, and
Conclusions. Itinvolves developing an effective
strategy, deciding what to put in and what to
leave out. These decisions will obviously de-
pend on the type of communication, the type of
research, and the particular audience it is ad-
dressed to. Nevertheless, the presentation must
follow some predevised plan.

The Summary

The summary is the single most important
section in a scientific paper. It tells what the re-
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search is about; it can either state the results of the
research or it can state the questions the research
answers. While the title tells the reader what the
basic topic is about, the summary supplies the
details that do not fit in the title. It gives the
reader just enough information to know whether
he or she wants to go on reading.

Some scientists are a bit reluctant to summa-
rize all their work in just a few sentences at the
very beginning. They feel people may not take
the trouble to read through the paper. This is not
true. A scientific paper is not like a mystery
story. The summary is not to entice all audiences
to read to the end, but to entice interested audi-
ences to continue reading. Once they know what
happened interested audiences will want to con-
tinue reading to learn how it happened.

The Introduction

The introduction gives details about the re-
search that could not fit in the title or in the
summary. A strong introduction tells the reader
why the research is/was important. Itis a mistake
to assume that the reader will implicitly under-
stand the importance of the research just from
the title. Background information is important.
The amount of background information will de-
pend on the audience addressed. References to
other papers not only provides background in-
formation but also shows where your research
stands with relation to other research in the same
field.

The introduction is also the place where the
reader will find information concerning the ba-
sic criteria, or steps, followed in the discussion
of the research. How is it presented? Is there a
sequenced order in the presentation? It helps the
reader feel comfortable to know from the start
what direction the discussion will take. It also
shows that there is a preconceived strategy, or
plan, in the presentation. The last thing you want
is for your reader, or reviewer, to get lost!

Material and Methods

This section, also referred to by some authors
as the scope of the report (Blicq, 1981), defines
the techniques used. It describes the area cov-
ered and outlines the method of investigation
used. Should a glossary of terms be required, it
would probably appear separately in this sec-
tion. Methods must be clearly described, so that
other researchers can repeat them and obtain the
same results.

The Results

The Results section of your report should not
be bulky. Only the main facts and figures should
appear here. The details of these findings will
either appear in the Discussion or in appendices.
A clear report needs carefully selected facts.
Remember, the main objective of your report is
not to overwhelm the reader but to enlighten the
reader.

Because the results of the research have al-
ready been stated briefly in the Summary and
will again be dealt with extensively in the Dis-
cussion, some writers prefer not to repeat them
in a separate section. This will, of course, de-
pend on the how important they are to the overall
report. In any case, unnecessary repetition should
be avoided.

The Discussion

The Discussion is usually the longest part of
a scientific report. It includes as much evidence
as the reader will need to understand the subject:
facts, arguments, details, and results. In the Dis-
cussion section the reader expects to find an
explanation of how the results were (or will be)
obtained. In other words, what the writer(s) set
out to do, how he/she went about it, and what was
actually done or found out as a result of this
effort.
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Because this section includes a number of
details it is important to present these details in
an organized, logical order to avoid confusing
the reader. There are times, however, when the
material cannot be easily sequenced. In that
case, it might be convenient to break the material
down into subsections according to importance.
Subtitles can act as markers, facilitating reading.
When introducing subtitles, however, it is im-
portant to differentiate them from the main titles.
Usually the titles of the basic parts (Introduc-
tion, Discussion, etc.) are centered and in capital
letters while the subtitles begin at the left margin
and are often in bold type. This of course may
vary according to publishing norms.

The organization can be chronological or
spatial, there are no set rules. Other organizing
techniques are subject development or concept
development. Reports using the chronological
or subject method are usually more straightfor-
ward and allow less room for imaginative devel-
opment. A strategy based on concept develop-
ment is best when the writer wants to include
persuasive arguments. Whatever the strategy, it
is important for the reader to feel comfortable, to
know where he or she is at. Your writing should
move from sentence to sentence, paragraph to
paragraph, without making the reader trip over
words or ideas. Not only must your language be
fluid, but your ideas must also be fluid!

The Conclusions

The conclusions bring together the loose ends
of your research. They convey a sense of com-
pletion in that they view the results from an
overall perspective. The conclusions are very
similar both in length and in content to the
summary. The most important aspects of your
work are repeated, together with your personal
conclusions. Recommendations for further re-

search also belong in this section.
k 3k k ok ok

Although this article is not, properly speak-
ing, a scientific report and must not necessarily
conform to the norms, I would nevertheless like
to conclude with a recommendation. It would be
extremely useful for our science students if
courses on scientific writing, and specialized
language courses as well, were offered as
electives of our universities. As I have tried to
point out, scientific writing is much more than
putting words on paper. You can not always
blame the translator when you are asked to re-
write a paper; you can not blame yourself either
if you did the best you could. A course on the
basics of scientific writing could have solved the
problem. Remember, good scientific writing is a
craft not a gift; it is a skill that people develop
through much practice.

Some books on scientific writing
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OPINION

Internet para microbiologos

José M. Nieto

Departamento de Microbiologia, Facultad de Biologia, Universidad de Barcelona,
Barcelona, Esparia

El crecimiento de las redes de comunicacién

informatica, la mds conocida de las cuales es .

Internet, ha repercutido de manera notable en la
sociedad en general y en la comunidad cientifica
en particular. Al mismo tiempo se ha producido,
en primer lugar, un aumento exponencial del
nimero de secuencias de acidos nucleicos y
proteinas acumulados en bases de datos genéticos
(GenBank, EMBL, SwissProt y otras) y, en se-
gundo lugar, la disponibilidad de herramientas
informaticas capaces de extraer informacion sig-
nificativa de las meras secuencias de bases (DNA
o RNA), o de aminoacidos, y de interaccionar
eficiente y rdpidamente con bases de datos
genéticos de gran volumen. Todo ello ha deter-
minado la apertura de nuevas vias de acceso a la
informacién y de investigacién en Biologia
Molecular y en Microbiologia, a partir del anéli-
sis de la informacidn depositada en dichas bases
de datos.

La Tabla 1 presenta un listado de servidores
de correo electrénico de interés para el micro-
bidlogo. Las instituciones que disponen de ser-
vidores de correo electrénico pueden ofrecer
informacién (bases de datos, programas,...) me-
diante un ftp anénimo (file transfer protocol),

usando “anonymous” como “login name” y la
direccidn electrénica de uno mismo como “pas-
sword”. El primer paso para usar un servidor es
obtener la informacién necesaria sobre cémo
redactar el mensaje de correo electrénico y qué
posibilidades ofrece el servidor; esto se consi-
gue enviando un mensaje al servidor que conten-
ga sOlo la palabra “help” en el cuerpo del mensa-
je. El servidor enviara un mensaje (a veces de
muchas paginas) con lainformacién concernien-
te al formato y uso que permite dicho servidor.
Las funciones de bisqueda de homologias de
algunos servidores enunciados en la Tabla 1
pueden ser similares en algunos aspectos, pero
los fundamentos matemdticos de la bisqueda
pueden diferir sustancialmente; esto hace que
los resultados de las bisquedas producidos por
los distintos servidores puedan ser diferentes.
Un aspecto a considerar es la seleccion del
banco de datos genéticos sobre el que se realiza-
rd la bisqueda, si se utilizard la secuencia de
bases, o alguna pauta de lectura abierta en ella
contenida, o todas la pautas de lectura posibles.
En el caso de biisqueda de homologias de protei-
nas se ha de considerar que no todas las proteinas
que pueden ser codificadas por las secuencias
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TABLA 1. Servidores de correo electrénico y ftp anénimos de utilidad para el microbiélogo

Servidor

Funciones

blast@ncbi.nlm.nih.gov

— Bisquedardpida y detallada de homologias en secuencias de DNA o proteinas

— Diferentes programas: blast, tblastn, blastn, blastx
— Ofrece la posibilidad de bisqueda en el banco nr, “non redundant”

retrieve @ncbi.nlm.nih.gov
FASTA@EBI.AC.UK
NETSERV@EBI.AC.UK

— Obtencidn de secuencias de DNA y proteinas a partir de su nimero
— Biisqueda de homologias en secuencias de DNA y proteinas
— Obtencién de secuencias de DNA y proteinas a partir de su nombre o nimero

— Ofrece “software” publico

QUICK@EBI.AC.UK
BLITZ@EBI.AC.UK
PHD @embl-heidelberg.de

— Busqueda de homologias en secuencias de DNA. Mds rapido que FASTA
— Biisqueda de homologias de secuencias de protefnas
— “PredictProtein” extrae caracteristicas bioquimicas y estructura 2a. de una

proteina. No produce resultados graficos

Tmap @embl-heidelberg.de

ftp ncbi.nlm.nih.gov /repository

— Prediccién de segmentos transmembrana en proteinas

— EcoSeq y EcoMap, secuencias y mapas de E. coli
— Rebase, enzimas de restriccién

/toolbox
— Programas de NCBI
/pub

— Programas publicos: BLAST, MACAW (alineamiento multiple)

acumuladas en EMBL o GenBank se encuentran
registradas en bancos de secuencias de proteinas
como SwissProt. Un planteamiento incompleto
de la bisqueda puede no detectar informacién
sustancial que apareceria con un planteamiento
diferente, por lo que es conveniente usar varios
servidores y varias estrategias de bisqueda.

El servidor BLAST permite realizar muchos
tipos de comparaciones mediante diferentes pro-
gramas, tanto para dcidos nucleicos como para
proteinas, frente a diferentes bases de datos:
GenBank, EMBL, SwissProt y la base de datos
nr (non redundant) resultante de la traduccién en
las 6 pautas de lectura de las secuencias de
GenBanK-EMBL. El servidor FASTA realiza
comparaciones de una secuencia (DNA o protei-
na) frente a varias bases de datos. El servidor
BLITZ realiza una comparacién ripida de una
secuencia de aminodcidos frente a la base de
datos SwissProt. El servidor QUICK realiza una

comparacién rdpida de una secuencia de bases
(DNA) frente a GenBank-EMBL. El servidor
PHD (Predict Protein) realiza un anélisis de las
caracteristicas bioquimicas de una secuencia de
aminodcidos. El servidor RETRIEVE obtiene
secuencias de las distintas bases de datos en
NCBI(EMBL, GenBank, SwissProt, PIR y otras)
a partir de una palabra clave, nimero o nombre
de la secuencia.

Para algunas tareas es de utilidad disponer en
ordenadores locales de programas adecuados
que permitan extraer, editar y presentar de dife-
rentes maneras la informacién contenida de una
forma implicita en la secuencias. Uno de los
paquetes informaticos mds conocido y completo
para realizar estos trabajos es el GCG de Gene-
tics Computer Group, que requiere licencia de
uso. El paquete de programas Staden es de utili-
dad en grandes proyectos de secuenciacién (Ta-
bla2). Merece la pena considerar que un conoci-
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TABLA 2. Servidores www de utilidad para el microbiélogo

Servidor

Funciones

http://www.embl-heidelberg.de

— Servicios de informacién bioldgica

— Servicios computacionales
— Supercomputacién en Biologia Molecular

http://www.ebi.ac.uk

— Bisqueda de similitudes y obtencién de secuencias

— Entrada de nuevas secuencias
— Acceso a EMBL y SwissProt
— Catalogo de programas

http://www.ncbi.nlm.nih.gov
— Acceso FTP

— Biisquedas en GenBank y otros bancos

— BanklIt: entrada de nuevas secuencias en GenBank

http://www3.ncbi.nlm.nih.gov
http://kiwi.imgen.bcm.tmc.edu

— Entrez: programa de biisqueda bibliogréfica y de secuencias asociadas
— Diferentes programas de bisqueda en bancos

— Alineamiento de secuencias y otras utilidades
— Prediccién de estructura secundaria en proteinas

http://dot.imgen.bcm.tmc.edu

— Diferentes bisquedas de homologias de proteinas en diferentes bases

de datos, entre ellas nr

http://cbrg.inf.ethz.ch

— Acceso al banco de secuencias de proteinas Swissprot

— Programa “predict genes”
— Programa “Darwin” de anélisis de DNA y proteinas

http://cgsc.biology.yale.edu
http://www.atcc.org
http://expasy.hcuge.ch
http://www.pdb.bnl.gov
http://www.gcg.com

— Base de datos de cepas, genes, mutaciones, mapas E. coli

— Material biolégico y otros recursos relacionados

— Prediccién de estructura secundaria de proteinas, entre otros servicios
— Base de datos de estructuras 3D de biomoléculas

— Paquete de programas GCG de analisis de secuencias de DNA, RNA

y proteinas (requiere licencia)

http://www.mrc-lmb.cam.ac.uk
http://www.bio.net

— Paquete de programas de R. Staden para proyectos de secuenciacién
— Grupos BIOSCI

miento basico del sistema operativo UNIX faci-
lita el uso de los servidores de correo electrénico
y de los paquetes informaticos como GCG.
Ademis de los servidores de correo electré-
nico, y el protocolo FTP, Internet ofrece otras
viasy servicios de utilidad para la investigacién:
la WWW (World Wide Web) es una red de
servidores en Internet que permiten su uso
interactivo, de una forma dialogada (a diferencia
de los servidores de correo electrénico). En la
profusién de servidores que pueden contactarse
por WWW, algunos son de especial interés para
un laboratorio de Microbiologia (Tabla 2). Des-
tacan entre estos los servidores WWW del EMBL

(Laboratorio Europeo de Biologia Molecular),
situado en Heidelberg (Alemania) y en Hinxton
(Inglaterra), y los servidores del NCBI (National
Center for Biotechnology Information, EE.UU.).
Los servidores de modelado de proteina (por
ejemplo, http://expasy.hcuge.ch) basan su utili-
dad en el conocimiento previo, obtenido experi-
mentalmente, de la estructura secundaria de aque-
llas proteinas que presenten homologia con la
proteina de interés. Las posibilidades conjuntas
de los servidores presentados en la Tabla 2 son
muy extensas, por lo que la mejor forma de
conocerlos es consultar con atencidn sus prime-
ras paginas en la red.
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El servidor de WWW “entrez” depende del
NCBI. Se trata de un servidor de biisqueda de
referencias en bases de datos bibliograficos
(MEDLINE, National Library of Medicine’s da-
tabase of biomedical articles), que, al mismo
tiempo, se cruzan con aquellas secuencias de
DNA o proteinas asociadas a dichas referencias
bibliogréficas, contenidas en cualquiera de los
bancos de secuencias existentes en NCBI. El
servidor ofrece una gran diversidad en cuanto al
campo de bisqueda de palabras clave (texto,
autor, revista,...).

El servidor del “E. coli Genetic Stock Cen-
ter”, contiene la gran acumulacién de datos ge-
néticos de Escherichia coli disponibles, organi-
zados en una forma facilmente accesible. Permi-
te también la solicitud de cepas directamente a
través de WWW. Un servidor similar es el de la
ATCC (American Type Culture Collection), que
cubre un rango mucho mas amplio de materiales
biolégicos, entre ellos las colecciones microbio-
l6gicas mantenidas en dicha institucién.

Otro de los servicios gratuitos que ofrece
Internet al microbidlogo es la posibilidad de
mantenerse informado y en contacto con otros
investigadores: la red BIOSCI es un foro de
discusién, un entramado de grupos de noticias,
cada uno de ellos sobre un tema especifico,
accesibles localmente si se dispone de “soft-
ware” adecuado (nn, rn), o distribuidos median-
te correo electrénico a cada uno de los suscripto-
res, y donde cualquiera de ellos puede participar.
Entre los temas que son tratados en grupos BIOS-
CI se encuentran: “Métodos y reactivos”, “Mi-

crobiologia”, “Biotécnicas” y muchisimos otros.
Para recibir informacién de cdmo acceder a los
grupos BIOSCI, simplemente debe enviarse un
“e-mail” con las palabras “info ukinfo” (desde
Espafia) en el cuerpo del mensaje al servidor
biosci-server@net.bio.net. Desde América, las
palabras deben ser “info usinfo”. Existe un ser-
vidor WWW para los grupos BIOSCI (Tabla 2).

Las herramientas mencionadas permiten es-
tablecer relaciones taxonémicas a partir de dife-
rencias y similitudes en secuencias de RNA
ribosémico, de DNA o de proteinas. Pueden
también deducirse las frecuencias de uso de
codones en una determinada especie, y a partir
de ellas la existencia de genes y su nivel de
expresioén (Borodovsky, M. et al., 1995, Nuc.
Acids Res. 23, 3554-3562), identificar nuevos
genes por homologia (Nieto, J. M. y Judrez, A.,
1996, Mol. Microbiol. 19, 407), y hallar secuen-
cias consenso en promotores (Lisser; S. y Mar-
galit, H., 1993, Nuc. Acids Res. 21, 1507-1516)
de unién a ribosomas o a diferentes factores
transcripcionales, por citar s6lo algunos ejem-
plos. La seccién “computer corner” de la revista
TIBS y la revista Nucleic Acids Research tratan
frecuentemente temas relacionados con los ex-
puestos en este articulo.

Finalmente, aunque el potencial de acceso y
andlisis de la informacién que se abre con estas
nuevas herramientas informadticas es enorme, es
bueno recordar que se trata sélo de eso, herra-
mientas, y que su uso debe ser supeditado al
conocimiento de la Microbiologia y al buen
sentido del investigador que se sirve de ellas.
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Revision de libros

Microbiologia y genética
molecular
Josep Casadestis (ed.)

Coedicién de la Sociedad Espafiola de
Microbiologia y la Universidad de Huelva.
Publicaciones de la Universidad de Huelva,
Huelva, 1995. 2 volimenes. 898 pp.

Precio: 6.000 PTA. ISBN 84-88751-24-9.

Lacritica de una obra como la que nos ocupa
resulta, para quien la emprende, una tarea sen-
cilla, porque todos los aspectos en los que se
quiere incidir al comentarla estdn relacionados
con la utilidad que resulta de su lectura y uso.
Entre esos aspectos hay algunos mejorables,
pero vaya por delante que se trata de un excelen-
te libro, con muchas virtudes y algiin defecto.

En relacién con esto dltimo, me referiré
en primer lugar al titulo. Considero que indu-
ce a confusién, al menos, cuando lo vi por
primera vez. Bajo ese titulo, Microbiologia y
genética molecular, yo esperaba encontrar
uno més de los muchos libros de texto exis-
tentes sobre microbiologia. Mi sorpresa fue
muy grata cuando descubri que se trataba de
algo muy distinto. En efecto, esta obra resul-
ta ser una amplia revisién de muchos de los
aspectos mds importantes de la fisiologia y
genética, tanto de bacterias como de levadu-
ras, asi como de la virologia a nivel molecular.
Queda, pues, lejos de lo que es un libro de
texto bdsico, tanto por su planteamiento y su

estructura como por la profundidad del trata-
miento dado. Y esto es algo en lo que vale la
pena insistir porque, aparte de sus valores
didéicticos, se trata de una obra de gran utili-
dad para el profesional y para el estudiante
avanzado. No quiere decir eso que resulte de
dificil lectura, sino que el nivel con el que se
abordan la mayoria de los capitulos supera
los limites de una obra de divulgacién y, por
tanto, requiere de unos conocimientos y una
base previa de microbiologia y de genética
molecular.

Le falta, a mi juicio, un mejor ordena-
miento 16gico de los capitulos. Este aspecto
aumenta particularmente la necesidad, antes
indicada, de tener un cierto nivel de partida
para poder asimilarlos independientemente
unos de otros. Por lo que respecta a las cues-
tiones editoriales, al mismo tiempo que se apre-
cia una magnifica edicién, tipografia y calidad
del papel, puede decirse que la reproduccién de
algunas de las fotografias, aunque aceptable,
podria ser mejor. Y con esto doy practicamente
por acabados los defectos o aspectos mejorables
que la rapida lectura de la obra me ha sugerido.

Quisiera destacar muy especialmente la
amplitud temética del libro, que le confiere
un indudable interés general. Las contribu-
ciones estan tratadas con un detalle y una
meticulosidad propios de las “reviews” de las
revistas especializadas. Son muy de agrade-
cer las numerosas figuras y esquemas que
ilustran acertadamente los diferentes capitu-
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los. La confeccién de cada uno de ellos va més
alld de una mera recopilaciéon de informacion,
ya que suelen incluir, como base principal de la
argumentacion, resultados de los mismos auto-
res. Estos resultados acaban convirtiéndose
en el hilo conductor de la explicacién.

En total son 112 personas las que han
contribuido, con los datos de los trabajos mas
recientes de sus propios grupos de investiga-
cidn, a este enfoque moderno de la obra. Gra-
cias a ello, en sus 43 capitulos o articulos de
revision, se presentan aspectos realmente muy
novedosos en todas las materias tratadas. Los
distintos capitulos ofrecen una interesante
visién del futuro desarrollo que cabe esperar de
los diferentes temas. Todo ello proporciona
actualidad y frescor al libro. Como conse-
cuencia de este ultimo aspecto, la obra se
convierte en una excelente guia de la investi-
gacién espafiola actual en microbiologia.
Ademds, proporciona una detallada informa-
cién sobre los intereses de trabajo de los
diferentes grupos que han contribuido a su
elaboracién.

No obstante, estos 112 autores represen-
ten s6lo una parte de la gran cantidad de
investigadores espafioles que trabajan hoy en
una 4rea que, como todos sabemos, es de las
que més implicaciones tiene a todos los nive-
les, y cuya tecnologia se emplea, ademds, en
otros campos cientificos. Resulta evidente
que, en la seleccién de los autorés, el editor
ha buscado principalmente tratar un maximo
de temas, para mostrar la diversidad actual del
trabajo sobre genética molecular de microorga-
nismos en nuestro pafs.

En los dos tomos de Microbiologia y
genética molecular, como ya he comentado,
los temas estdn discutidos en profundidad,
pero, al mismo tiempo, gracias a unas buenas
introducciones y a una exposicién clara y
didactica, se consigue una lectura facil y

amena. En mi opinién, éste es un libro ideal
para todos aquellos profesionales que, con
afios de experiencia, quieran actualizar ideas
—cosa, por cierto, muy sana y necesaria—,
sobre materias colaterales a las de su foco de
interés directo.

Otro de los aspectos que muestra el cuida-
do con que se ha redactado este libro es la
bibliografia citada. Esta resulta con frecuen-
ciadescuidada en las revisiones que se suelen
publicar, pese ser un elemento de gran ayuda
a la hora de profundizar en los temas que
susciten mas interés al lector. En el libro que
comentamos, en cambio, su extensién es equi-
librada y muy actual. Una rdpida mirada indi-
ca que las citas con mas de 10 afios son raras
y corresponden, en su mayoria, a trabajos
“clasicos”. Ademads, el formato elegido, con
titulos completos, es el mas informativo, aun-
que requiera mds espacio.

Finalmente, quisiera resaltar que el libro
consigue el objetivo general de mostrar que
la microbiologia no es una ciencia del pasa-
do, sino una disciplina actual, en la que se
generan y aplican muchas de las tecnologias
mads avanzadas, y que tiene una incidencia
social y econémica de primera magnitud.
Como dice el editor en su excelente prélogo,
el limite en el avance de la microbiologia esté
en la imaginacion de los investigadores. Los
dos voluminosos tomos que ahora se presen-
tan son un buen ejemplo de que no es imagi-
nacién lo que falta a muchos de nuestros
investigadores. Creo que el Prof. Casadess,
los diversos autores de los capitulos, la Uni-
versidad de Huelva y la Sociedad Espaiiola
de Microbiologia pueden sentirse muy orgu-
llosos del resultado.

Miguel A. de Pedro
Centro de Biologia Molecular
CSIC-Universidad Auténoma de Madrid
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Diccionario
terminologico de

ciencias médicas, 13 ed.

MASSON, S. A., Barcelona, 1995. 1648 pp.
Precio: 11.100 PTA. ISBN 84-458-0095-7.

“Hechos, observaciones y experimentos son
los sillares del edificio. A nosotros nos toca
clasificarlos, adscribirlos al lugar que les co-
rresponde.” Con estas palabras, Lavoisier (The
Enlightenment of Matter, 1766) dejaba constan-
cia de la capacidad clasificadora inherente a los
cientificos. La base de toda clasificacién es, sin
duda, una nomenclatura coherente y correcta-
mente establecida. En cualquier doctrina cienti-
fica, el tema de la nomenclatura es uno de los
que precisan mayor atencién y exigen continua
actualizacién. Paradéjicamente, éste es un cam-
po muchas veces olvidado y que da pie a confu-
siones indeseables, complicando asi lo que ten-
dria que ser una tendencia acrisoladora del len-
guaje. En este sentido, el Diccionario termino-
logico de ciencias médicas de Masson adquiere
un papel muy importante en el campo de la
ciencia en general, y en el de la materia médica
en particular. Desde su aparicion, en 1918, este
diccionario ha ido ampliando el nimero de de-
finiciones, hasta contar con las casi 100.000 que
constituyen esta dltima edicién. La incorpora-
cién de muchas voces nuevas, acuiiadas en los
ultimos afios y pertenecientes a las diferentes
especialidades médicas, hacen de este dicciona-
rio médico uno de los mds completos y moder-
nos de que se dispone.

Las definiciones anatémicas de este diccio-
nario se adaptan a las utilizadas en la dltima
Nomina Anatomica. Paralelamente al papel ter-
minolégico del libro, se incluye un valioso anexo
que recoge diversas constantes biolégicas, las
cuales abarcan desde indices hematolégicos
hasta determinantes enzimaticas. De igual for-

ma, y remarcando as{ el caracter preferentemen-
te médico del diccionario, al final del libro se
incluye un atlas en color con 48 ldminas de
ilustraciones anatémicas tomadas de F. H. Net-
ter (Coleccién Ciba de Ilustraciones Médicas),
y que destacan por su exactitud y la gran canti-
dad de informacién que muestran.

Podemos recordar aqui otras obras simila-
res, todas las cuales han tenido una amplia
difusién y han resultado de gran utilidad parala
clase médica. Las dos principales en espaifiol
son las traducciones de los famosos Dicciona-
rio de ciencias médicas de Stedman (25 edi-
cién, Editorial Médica Panamericana, 1993) y
el Diccionario médico de bolsillo de Dorland
(Interamericana/McGraw-Hill, 1989). Est4, ade-
mas, el practico y grifico Diccionario médico
ilustrado de Melloni (Editorial Reverté,1983),
de gran utilidad para los estudiantes y personas
que se inician en la investigacién. Finalmente,
no podemos olvidar una importante obra publi-
cada en catalan (con sus versiones en forma de
libro y de CD-ROM) y apropiada continuadora
” . Estaobra,
Diccionari Enciclopédic de Medicina, realiza-

del famoso “Diccionario Corachdn

da bajo la direccién de Oriol Casassas (Enciclo-
pédia Catalana, 1990), constituye uno de los
mejores y mds precisos trabajos sobre termino-
logia médica existentes, en cualquier lengua,
con amplias y certeras incursiones en diversos
campos afines, como pueden ser la quimica
orgénica, bioquimica, botdnica y ecologia.

Tal como indica el titulo, el diccionario de
Masson se dirige, principalmente, a profesiona-
les de la medicina. Pese a ello, ese titulo puede
llevar a confusidn, ya que el libro constituye una
referencia excepcional para todas aquellas per-
sonas relacionadas con todas las ciencias de la
vida. Los términos biolégicos se definen con
exactitud, incluyendo muchas veces vocablos
que escapan de la practica puramente médica.
Esto resulta 16gico, en tanto que el hilo argu-
mental del diccionario hace referencia a con-
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ceptos de cardcter anatémico, fisiolégico y sa-
nitario. El libro abarca ampliamente materias
biolégicas que se podrian agrupar bajo el nom-
bre de ciencias de la salud, como son la inmuno-
logia, microbiologia, fisiologia animal y vege-
tal, bioquimica y genética. Si bien no registra
algunos conceptos especializados de estas ma-
terias, si en cambio explica los términos mas
usuales y con implicacién directa en el campo
de la medicina.

Este diccionario constituye, por tanto, una
herramienta valiosa en diversos campos de las
ciencias de la vida. El amplio espectro termino-
l6gico que se sistematiza en el libro adquiere un
papel excepcional en el establecimiento de un
marco lingiiistico, sin el cual es imposible tener
acceso a ninguna ciencia. La capacidad de ha-
blar con exactitud se dificulta muchas veces por
la cada vez mds frecuente incorporacién de
palabras adaptadas incorrectamente del inglés.
En este sentido es importante remarcar que el
diccionario consta de un glosario inglés—espa-
fiol, con unos 19.000 vocablos, y otro francés—
espafol, con més de 18.000. No obstante, debe-
mos precisar que estos “glosarios”, como los
denomina el libro, son en realidad “vocabula-
rios”, porque no explican el significado de los
términos, sino que dan sélo la equivalencia
entre las parejas de lenguas mencionadas. Aun-
que pueda parecer un detalle insignificante —y
en el diccionario pueden encontrarse todas las
definiciones requeridas—, nos permitimos su-
gerir a la editorial que, tratindose de una obra
léxica, corrija esa pequefia imprecision en futu-
ras ediciones del libro.

La importancia del glosario inglés—espaiiol
se hace evidente por la gran influencia del in-
glés en la terminologia cientifica en lengua
castellana. La débil barrera lingiifstica que tien-
de a separar los vocablos cientificos se hace, a
veces, demasiado permeable. Esto acaba por
permitir el flujo, casi por 6smosis, de palabras

inglesas mal adaptadas al acervo terminolégico
espafiol. El uso continuado de este glosario
puede dificultar este trasiego indiscriminado e
indeseado de términos.

La delineacién de un vocabulario cientifico
no es un trabajo intuitivo, sino que requiere un
estudio detallado. Libros como éste son lo que
ayudarén a definir, cada vez més exactamente,
los limites semdnticos de la terminologia de las
ciencias de la vida. El cardcter enciclopédico
del libro también supone una ayuda excepcio-
nal, en tanto que define, con gran exactitud,
muchos conceptos confusos. Esto hace del libro
una herramienta muy util para estudiantes que
necesitan definiciones claras y breves, y para
profesionales de las ciencias de la salud y, por
extension, de la vida.

La editorial Masson, responsable de la obra,
ha informatizado en una base de datos todos los
vocablos incluidos en el diccionario, lo cual
facilitard en el futuro la expansién de la obra, su
revisién y la continua actualizacidn, tan necesa-
ria para mantener al dia el marco lingiiistico de
las ciencias de la vida. Es indudable, por tanto,
el cardcter de abierto de esta obra. Precisamente
las 13 ediciones del libro remarcan el hecho de
que haya sido objeto de una constante y extensa
revision y actualizacién, lo cual le confiere un
amplio valor y actualidad.

Sin duda, el rdpido incremento de los cono-
cimientos en las doctrinas que componen las
ciencias de la vida implica la exigencia, cada
vez més patente, de una mayor exactitud en la
terminologia, tanto desde el punto de vista cua-
litativo como cuantitativo. Y es de ahi, precisa-
mente, de donde surgiran las herramientas que
permitirdn una correcta comunicacién oral y
escrita, algo esencial para aquilatar el lenguaje
cientifico.

Alfredo Mayor
Redaccion de Microbiologia SEM
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Fundamental Virology,
3rd ed.

Bernard N. Fields, David M. Knipe,

Peter M. Howley (editors-in-chief)
Lippincott-Raven Publishers, Philadelphia,
EE.UU., 1996. 1340 pp. Precio: $ 97,75
ISBN 0-7817-0284-4.

Fields Virology, 3rd ed.

Bernard N. Fields, David M. Knipe,
Peter M. Howley (editors-in-chief)
Lippincott-Raven Publishers, Philadelphia
EE. UU., 1996. 2 volimenes, 3216 pp.
Precio: $ 339,50. ISBN 0-7817-0253-4.

Bernard N. Fields, eminente virélogo de
Harvard, fallecié el 31 de enero de 1995,
victima de un céncer de pancreas. Desde que
le fue diagnosticada la enfermedad en 1992,
y conocedor del poco tiempo de que disponia
para culminar sus proyectos, Fields estuvo
sumergido por completo en la tarea de prepa-
rar las terceras ediciones de Fields Virology
y de su versién resumida, Fundamental Viro-
logy. Los capitulos finales fueron entregados
a Raven Press justo un mes antes del ébito.
Fundamental Virology y Fields Virology
constituyen, sin ninguna duda, las dos mejo-
res obras disponibles actualmente para el es-
tudio de la virologia. Por ello, deben ser
recomendadas abiertamente, tanto al investi-
gador especializado como al estudiante de
cualquier nivel de virologia.

La formacién cientifica de Bernard Fields
se sitia a caballo entre la medicina y el estu-
dio de las enfermedades infecciosas, espe-
cialmente las de etiologia virica. En este 1l-
timo campo ha brillado particularmente gra-
cias a sus contribuciones sobre la patologia
molecular de los reovirus, tema en el que se

habia especializado hacia afios.

La concepcién de estas obras, Fundamen-
tal Virology y Fields Virology, aina las pers-
pectivas de la virologia molecular y de la
virologia médica. La virologia es, en la ac-
tualidad, una de las ciencias que genera ma-
yor cantidad de descubrimientos. Su trepi-
dante dindmica de cambio transforma, con
pasmosa celeridad, datos vigentes en anti-
cuados. Es 16gico, por tanto, que se aprecien
notables cambios de una edicién a otra de la
obra. Respecto de la segunda edicién, hay
grandes variaciones referentes a los virus de
la inmunodeficiencia humana, virus emer-
gentes, priones, herpesvirus y hepatitis delta.

Fundamental Virology condensaen un solo
volumen, de 1360 paginas, 37 capitulos ex-
traidos del hermano mayor, Fields Virology,
con el objetivo de proporcionar un texto orien-
tado a estudiantes de segundo y tercer ciclo
de ciencias biomédicas, y a investigadores
con un interés especifico sobre aspectos basi-
cos de la virologia. La obra estd especialmen-
te indicada para cursos de virologia general o
de virologia molecular, y tiene un notable
sentido didéctico. El libro contiene 482 ilus-
traciones, algunas de ellas a todo color y muy
espectaculares. Como en las anteriores edi-
ciones, la obra se divide en dos partes. La
primera (capitulos 1 a 15) estd dedicada a
aspectos generales como, entre otros, histo-
ria de la virologia, taxonomia, morfologia,
multiplicacién y patogenia viricas, etc. Ex-
traordinario es el capitulo sobre la estructura
de los virus, con unas magnificas reconstruc-
ciones tridimensionales de particulas viricas
y de proteinas de diferentes virus. En esta
primera parte se tratan también, en sendos
capitulos, los virus de insectos, los virus de
levaduras, de otros hongos y de microorga-
nismos parésitos, los virus de plantas y los
bacteriéfagos. Precisamente, uno de los po-
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cos defectos de esta obra, y también de Fields
Virolegy, es que los bacteriéfagos y los virus
de vegetales estdn tratados muy someramente..

Enlasegunda parte de Fundamental Virology
(capitulos 16 a 37) se describen la bioquimica,
biologia molecular y aspectos celulares de la
multiplicacién de los virus de diferentes grupos.
Aunque se estudian los aspectos generales, el
trabajo estd urdido muy a fondo, sobre todo la
estructura y el modelo replicativo de cada fami-
lia. Fields Virology, ademas, dedica a cada fa-
milia un segundo capitulo, en el cual se tratan
aspectos de interés médico. En ambos libros,
cada capitulo estd elaborado por destacados
especialistas en los temas tratados, lo cual ga-
rantiza la calidad del contenido de los mismos.
En total, participan en esta tercera edicién del
Fundamental Virology 55 autores, que llegan a
ser 118 en el caso del Fields Virology. No
obstante, este hecho permite apreciar cierta fal-
ta de uniformidad, en algunos casos.

En cuanto a Fields Virology, esta edicién, al
igual que las anteriores, estd estructurada en dos
voluminosos tomos, con 3216 paginas en total,
que abarcan setenta y dos capitulos. La obra,
que estd profusamente ilustrada (969 figuras y
esquemas), contiene, aparte de las novedades ya
resefladas para Fundamental Virology, otros
temas de reciente actualidad, como son los capi-
tulos scbre los astrovirus, la familia Flaviviri-
dae, el herpesvirus humano de tipo 7, el virus de
la hepatitis E y el virus elevador de la lactato
deshidrogenasa y afines. También hay material
nuevo referente al virus del papiloma, el virus
de la hepatitis C, los hantavirus y las vacunas
viricas.

La dltima parte de Fields Virology trata de
los agentes viricos que todavia no han recibido
una adscripcién definitiva dentro de las distin-
tas familias de virus. En este caso se encuentran

el virus de la hepatitis delta, el virus de la
hepatitis E (que ya ha sido asignado a la familia
Caliciviridae), y los agentes causales de las
encefalitis espongiformes, tema de enorme ac-
tualidad, al cual se dedican tres capitulos. Re-
sulta interesante que este tema sea discutido de
forma exhaustiva por autores de tan reconocido
prestigio y opiniones tan contrarias como Carle-
ton Gajdusek y Stanley Prusiner.

En resumen, aunque no estemos delante de
unas obras disefiadas con un objetivo priorita-
riamente didactico, puede considerarse que
Fundamental Virology, al estar editado en un
solo volumen, es mas aconsejable para estu-
diantes de primer y segundo ciclo, exceptuando
a aquéllos especialmente interesados en temas
médicos. Por otro lado, si que puede considerar-
se esta tercera edicion de Fields Virology un
manual insustituible para investigadores intere-
sados en profundizar en cualquier aspecto de la
virologia animal. En este tratado puede encon-
trarse, con gran profusion de detalle, la mas
completa informacién recogida en una sola obra
sobre virus que infectan animales.

Finalmente, cabe mencionar que se han pre-
parado dos colecciones de diapositivas extrai-
das de Fields Virology, de gran interés cientifi-
co y didactico: «Basic Virology Slide Set», y
«Clinical Virology and Pathogenesis Slide Set».
Estas diapositivas, que todavia no estdn a la
venta, podran adquirirse a través de la misma
editorial. En un momento de gran desarrollo de
las técnicas de la imagen, no se explica lo dificil
que resulta acceder a este tipo de material. Por
ello, la iniciativa es de agradecer, y mds ain
teniendo en cuenta la indiscutible calidad de las
ilustraciones del libro en las que se basan.

Albert Bosch
Universidad de Barcelona
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Science for the Earth

Can Science Make the World a

Better Place?

Tom Wakeford, Martin Walters (eds.)
John Wiley & Sons, Chichester, West Sussex,
Gran Bretana, 1995. 370 pp. Precio: £ 7,99.
ISBN 0-471-95284-2.

El libro Science for the Earth es un critico
recorrido por lo que se podria llamar la episte-
mologia cientifica y su interrelacién directa con
la Tierra como un todo. La frase de Nietzsche
(“La Tierra es un bello lugar, pero tiene una
ptstula llamada hombre”) que Lynn Margulis
presenta en su articulo, sirve como eje
argumental unificador, del que derivan los dife-
rentes capitulos del libro. Esta obra es una
critica del papel del cientifico en nuestra socie-
dad, y. de cémo la ciencia actual se aleja cada
vez mas de lo que deberia ser una ciencia global.
En este sentido, en el libro se encuentran un
valioso grupo de articulos, escritos desde dife-
rentes disciplinas, que se enfrentan con este
problema. Ya en el prefacio, Stephen Hawking
define el argumento que da pie y sirve de con-
clusién del libro: 1a humanidad no puede dar la
espalda a la ciencia, pero necesita aprender
como usarla responsablemente. Con estas pala-
bras se constata un razonamiento general del
libro: si, hasta hacia poco, la ciencia era algo
orientado a averiguar la verdad objetiva, sin
otra implicacién que este puro descubrir, el
estado presente de las cosas no permite la diso-
ciacién de la ciencia y la responsabilidad que
conlleva. Frente a los muchos problemas actua-
les (hambre, cambios climdticos, contamina-
cidn, crisis urbana, etc.), la pregunta que el libro
intenta sugerir queda clara desde el principio:
(cémo puede hacerse una “ciencia para la Tie-
rra”? Se trata, pues, de un libro vital, en tanto
que supone un espejo critico de la ciencia, cuyos

reflejos —desde un marco cientifico, social,
diplomatico, ambiental, de derechos humanos—
sirven para remarcar la estrecha interaccién que
existe entre ciencia, sociedad y ambiente. La
profunda critica que se respira desde las prime-
ras paginas plantea cémo la actividad cientifica,
en un principio completamente objetiva, ha aca-
bado por modular el mundo. Sibien es constante
la presencia de un juicio mordaz del papel del
cientifico en el mundo, en ninglin momento el
libro emplea conceptos anticientificos o en con-
tra de la ciencia. Su intencién va mucho mds
alla: propone un replanteamiento de los princi-
pios cientificos que ahora empiezan a hacer
temblar los pilares de esta casa comiin que es la
Tierra.

El libro consta de dieciséis capitulos, cada
uno elaborado por un escritor diferente, y agru-
pados en tres partes. En la primera se hace un
repaso critico de las précticas cientificas actua-
les. Los autores de esta seccién se enfrentan a
varias preguntas: jpor qué los cientificos no
piensan filoséficamente?, ;puede el cientifico
ser independiente de la cultura?, ;qué es progre-
so y dénde encajan los indigenas en este con-
cepto?, (por qué existen tantas disciplinas en
ciencia que parecen no comunicarse entre si?...
De este modo, David Suzuki, en el primer capi-
tulo, saca a relucir una serie de “conceptos
sagrados” de la sociedad industrial, cuyo aban-
dono o replanteamiento podria conducir a un
futuro sostenible. Lynn Margulis destaca la es-
trechez de mente que, cada vez mds, oprime el
trabajo cientifico, y afirma que la ciencia debe-
ria incluir en su argumentacién una concepcioén
filoséfica y otras vias de conocimiento parale-
las para solucionar los problemas a los que se
enfrenta la sociedad actual. De igual modo,
James Lovelock resalta el cardcter corrupto,
perezoso y lucrativo de la ciencia actual, y
concluye afirmando la necesidad de unos cien-
tificos mas generalistas —lo que €1 denomina
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fisicos planetarios— para asi abarcar con éxito
los problemas. Claude Alvares discute en el
cuarto capitulo el papel que la ciencia ha jugado
en el mundo y que ha acabado por aumentar el
hambre y la pobreza, privando a la gente de su
conocimiento del mundo natural y gestando sus
propias supersticiones y costumbres violentas.

En la segunda parte del libro se abarca la
interaccién de ciencia, sociedad y ambiente en
varios contextos particulares. Asi, se plantea si
los principios cientificos pueden ayudar al de-
sarrollo del mundo y si el progreso cientifico
es realmente progreso. George Monbiot, en su
articulo, hace una valiosa critica a The tragedy
of the Commons, de Garrett Hardin. John Whi-
telegg dirige una mirada critica a la tecnologia
social como un mecanismo de ahorrar tiempo,
constatando este papel como una causa impor-
tante de la contaminacién. Crispin Tickell des-
cribe el impacto de los cambios climéticos en
las ciudades. Tony Cooper y Aubrey Meyer,
desde su enfoque economicista, plantean el es-
trecho enfoque actual de los problemas mundia-
les, mientras que Nigel Woodcock abarca el
problema de la falta de comunicacidén entre los
geblogos y la sociedad, y propone la necesidad
urgente de una ciencia global. Richard Lindsay
explica las implicaciones de la relacién entre la
humanidad y el medio ambiente. Darrell Posey
critica la explotacién de los indigenas y cémo se
estd llegando a una pérdida de su cultura y de su
acervo cultural. Por dltimo, Stephen Tomkins
plantea el papel de la escuela en la inculcacién
de una ética ambiental.

En la tercera parte del libro se proponen
preguntas sobre aspectos mds generales de la
ciencia y de nuestra relacién con la Tierra: jes
el reduccionismo la aproximacién adecuada a la
ciencia?, ;existen expertos?, ;es la ciencia un
proyecto unificado o no es mds que un mito
particular de nuestro tiempo? Wangari Maathai
describe su concepcién del mundo como una

piramide de riquezas, en cuya base confluyen la
carencia de recursos para satisfacer las necesi-
dades bésicas, y en cuyo pico descansa el exceso
de apetitos innecesariamente satisfechos por los
conocimientos cientificos. Brian Moss desarro-
lla una acida comparacién de la ciencia con el
emperador desnudo de Hans Christian Andersen.
Harmke Kamminga resalta la contingencia de
nuestros criterios para el conocimiento cientifi-
co. Poriltimo, Tom Wakeford concluye que los
cientificos necesitan desprenderse de su exclu-
sividad para orientar la investigacién hacia un
camino abierto y mis comunicativo.

El cardcter multidisciplinario de este peque-
fio gran libro remarca la exigencia, cada vez més
patente, de un abordaje global de los problemas
cientificos. El desgarre profundo que se pone de
manifiesto entre ciencia y mundo sélo puede ser
considerado desde un planteamiento mds gene-
ralista y menos reduccionista. De igual modo, el
libro critica la concepcién, muchas veces dema-
siado estrecha, de la mentalidad cientifica, pro-
pugnando una visién menos arcaica del mundo
y requiriendo, cada vez mas, la inclusién de
unas ideas filoséficas y otras vias de conoci-
miento. El libro supone una profunda critica de
las barreras culturales y sociales que impiden la
dedicacién de los cientificos a los problemas
mas importantes de la humanidad. El nexo co-
mun de los articulos en este libro es la idea de
que la ciencia debe reformarse, para que pueda
contribuir a solucionar los problemas sociales y
ambientales que empafian el mundo en el um-
bral del siglo xx1. El libro no es una denuncia de
la incapacidad de la ciencia para abordar la
problemdtica mundial; es una critica constructi-
va que pretende revalorizar, o simplemente otor-
gar el beneficio de la duda, ese nuevo mito o
supersticion en que se estd convirtiendo la cien-
cia. Lo que los articulos proponen es una nueva
mentalidad, no sélo en el nivel cientifico, sino en
todos los niveles de conocimiento. El mundo ha
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dejado de ser un sistema cerrado y abarcable desde
un solo 4ngulo, para convertirse en una casa
global, cuya comprensién requiere una meta-
morfosis radical en los caminos del conocimiento.

Se trata de un libro que merece la pena leer,
por cuanto no se limita a exponer una critica de
la ciencia, sino que presenta también un proceso
de renovacién en el que todos los cientificos
juegan un papel fundamental. Este libro puede
servir para plantar la semilla de la duda, esa
simiente madre de la ciencia. Pero ahora no se
trata de dudar del mundo exterior, sino del
propio cuerpo cientifico. En este sentido, se
trata de un libro de miltiples preguntas y res-
puestas veladas. Los dieciséis capitulos dibujan
un gran interrogante, cuya contestacién surge
paulatinamente en el lector.

El libro resume sélidos conceptos con un
lenguaje divulgativo. Esto hace que esté dirigi-
do tanto a la comunidad cientifica como a un
ptblico mucho mds amplio. En el cientifico, el
texto acabard por aguijonear muchos de los
conceptos sobre los que, inamoviblemente, se
basa su conocimiento. En el lector no especiali-
zado, despertardn el interés por el importante
papel de la ciencia en el mundo actual. Cada
capitulo desvela una aproximacidon a esa nueva
manera de contemplar el mundo, estimulando la
imaginacién y convirtiéndose en un placer para
los lectores.

En definitiva, el libro plantea la exigencia de
un nuevo didlogo que permita unificar y no
disgregar, y propone un cambio de mentalidad,
una nueva visién del mundo y de la mente
humana. Haciendo eco de las palabras de Eugene
Cernan, la dltima persona en caminar sobre la
Luna, “You wonder, if you could get everyone
in the world up there, wouldn’t they have a
different feeling, a new perspective?”

Alfredo Mayor
Redaccion de Microbiologia SEM

DNA Repair and

Mutagenesis

Errol C. Friedberg, Graham C. Walker,
Wolfram Siede

American Society for Microbiology. Washington,
D.C., EE. UU., 1995. 698 pp. Precio: $ 79.
ISBN 1-55581-088-8C.

Este libro es la segunda edicién ampliada de
la obra DNA Repair, publicada en 1985 por
Errol C. Friedberg (W. H. Freeman & Co., New
York). La imagen de la cubierta reproduce la
estructura de la glicolasa de dimeros de
pirimidina del fago T4 (endonucleasa V). La
historia de las observaciones sobre este enzima
es uno de los ejemplos que contiene esta obra,
acerca del progreso alcanzado en el campo de la
reparacién del DNA. Yaen 1947 Salvador Luria
reconoci6 el fago T4 como extraordinariamente
resistente a la radiacién ultravioleta, a diferen-
cia de los fagos T2, TS5 y T6. La causa era la
endonucleasa V, que muchos afios después se
purificé y que finalmente, en 1992, se determi-
noé su estructura. La enzima cataliza la hidrélisis
de sélo uno de los enlaces N-glicosil en un
dimero de pirimidina; no libera bases al medio,
sino que la escisién de parte del nucleétido
ocurre durante la degradacién postincisional
del DNA.

De los catorce capitulos del libro, los dos
primeros analizan los hechos que originan la
reparacién del DNA. Estos son las lesiones del
DNA y la mutagénesis. Por una parte, se estu-
dian las lesiones espontdneas y las inducidas
por agentes ambientales, asi como su deteccién
y medida. Se hace énfasis en la aplicacién de las
bases moleculares de la mutagénesis para el
estudio de polimerasas purificadas. A continua-
cidn, en los seis capitulos siguientes, se explo-
ran sistemdticamente los mecanismos conoci-
dos de reparacion del DNA, tanto en procariotas
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como en eucariotas —con un énfasis especial en
el caso de las células de mamiferos—. Por ejem-
plo, se tratan los modelos de reparacién por
reversion de la lesién (fotorreactivacion), esci-
sioén de bases (glicosilasas de DNA), escision de
nucleétidos en procariotas, y eucariotas , las AP
endonucleasas, y la importancia de la repara-
cién por escisién de nucleétidos. El capitulo
octavo incluye apartados especialmente intere-
santes, uno de los cuales estd dedicado a la
reparacién por escisiéon del DNA mitocondrial.
Otros, tratan los genes implicados en la repara-
cién por escisién y la importancia de estos
procesos en los sistemas libres de células. El
noveno capitulo estd dedicado integramente a la
reparacion de los errores de emparejamiento de
bases (“mismatch repair”) en eucariotas y pro-
cariotas. Trabajos recientes han clarificado que
los mecanismos moleculares de este tipo de
reparacién son similares a los de escisién de
bases y de nucleétidos. Ademads, la enzimologia
basica del proceso es casi idéntica entre proca-
riotas y eucariotas. No obstante, la diferencia-
ci6n entre la base correcta y la incorrecta en el
desemparejamiento continda siendo esencial y
caracteristica de este proceso. Los capitulos
finales estudian la tolerancia a las lesiones del
DNA en procariotas y eucariotas, asi como la
mutagénesis y los agentes que lesionan el DNA.
El capitulo trece se centra en los procesos de
regulacion de la respuesta celular a las lesiones
del DNA en eucariotas; destacan los apartados
dedicados a la detencién del ciclo celular en
respuesta a las lesiones del DNA y a los proce-
sos de muerte celular programada, o apoptosis.
Un tltimo capitulo —el catorce— expone las en-
fermedades y sindromes humanos asociados a
defectos en la respuesta celular a las lesiones en
el DNA (entre otros, el sindrome de Cockayne, el
xeroderma pigmentoso, la anemia de Fanconi,
el sindrome de Bloom y el de Louis-Bar, etc.).

La obra estd especialmente indicada como
libro de texto en cursos especializados de biolo-
gia molecular, y como obra de referencia para
investigadores y bidlogos moleculares dedica-
dos a la biologia del céancer, regulacién, re-
combinacién y transcripcién genética y repli-
cacién del DNA. Presenta, de una manera muy
clara, la perspectiva histdérica de los conoci-
mientos actuales sobre las respuestas celulares
a las lesiones del DNA. Recopila de forma
ordenada y completa toda la informacidn exis-
tente acerca de los mecanismos moleculares —y
las bases genéticas implicadas— que realizan la
reparaciéon del DNA, sea cual sea el tipo de
lesion. Ademds, sus més de 4000 citas biblio-
graficas y 380 figuras en color son extremada-
mente ttiles, tanto para el docente como para el
investigador en esta materia.

La aparicién de esta obra coincide con un
desarrollo notable del conocimiento de los
genomas de diferentes organismos. Los diver-
sos proyectos que estdn en marcha en relacién a
este tema se fundamentan en las ventajas de
indole diversa que puede suponer desvelar la
informacién genética completa de un organis-
mo. Todo ello puede resultar insuficiente sin
una respuesta celular capaz de preservar dicha
informacién genética frente a los ataques de los
agentes ambientales y alas mutaciones esponté-
neas. El estudio de sistemas de reparacién de las
lesiones en el DNA permiten mantener nuestra
salud, conocer los mecanismos de la evolucion
y contribuyen a planear una politica cientifica
frente a los riesgos de los contaminantes am-
bientales. Por todo ello, la prestigiosa revista
Science distinguié de modo especial alaenzima
de reparaciéon del DNA, la endonucleasa V,
como la Molécula del Afio 1994.

Jordi Mas-Castelld
Universidad de Barcelona
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Intoxicaciones por
plantas y hongos

Josep Piqueras
MASSON, S.A., Barcelona, 1996. 153 pp.
Precio: 5.400 PTA. ISBN 84-458-0416-2

Este libro ha conseguido reunir, de forma
muy concisa, clara y organizada, los datos
bdsicos sobre plantas y hongos que producen
intoxicaciones en la especie humana. Como
médico, su autor lo ha orientado biasicamente
hacia la practica médica, para facilitar a sus
colegas el diagnéstico y el tratamiento de una
serie de afecciones que pueden resultar peli-
grosas precisamente por su baja frecuencia, a
causa de la cual la formacién y la actualiza-
cién de los facultativos se hace dificil o in-
completa.

El autor ha reunido, durante muchos afios
de préctica hospitalaria, un acervo de expe-
riencia directa, de casos citados y de datos
antes muy dispersos en la bibliografia, que le
ha permitido confeccionar un libro de una
gran precisién de cara a la practica. El mismo
advierte en el prefacio que no es su objetivo
describir con detalle las plantas y hongos
potenciales causantes de intoxicaciones, para
lo cual existen textos botdnicos y micobiolé-
gicos. También indica el autor que no es su
deseo que el libro sea utilizado en la préactica
hospitalaria para identificar las especies o
restos de plantas o setas que los acompaiian-
tes de las personas intoxicadas aporten a los
servicios de urgencias. Sin embargo, su for-
macién biolégica, y especialmente micobio-
l6gica —es miembro de la Societat Catalana
de Micologia desde su fundacién—, le ha
permitido dar unas descripciones breves, pero
utiles y a menudo ilustradas con fotografias
en color o en blanco y negro, que pueden

suministrar una buena orientacién sobre las
especies implicadas cuando no sea posible
recabar el dictamen botdnico de un especia-
lista, o en tanto se obtiene el mismo.

El libro consta de 36 capitulos, distribuidos
en cuatro partes. La parte I comprende cuatro
capitulos introductorios, dedicados a precisar
los diversos sintomas de intoxicaciones y los
principios generales para el tratamiento. A con-
tinuacién, en la parte II (capitulos 5 a 22), el
autor aborda las intoxicaciones por plantas
faner6gamas agrupandolas en capitulos, no por
afinidades sistemdticas (aunque a menudo exis-
ta una correlacién), sino por el tipo de substan-
cias t6xicas, de sintomas y de manifestaciones
clinicas, que son los factores mds importantes
para establecer un tratamiento adecuado, inclu-
so en aquellos casos en que no pueda determi-
narse la especie causante de la intoxicacion.
Cada capitulo incluye una extensa bibliografia
bésica para profundizar en el tema.

Nos encontramos en una época en que
muchas personas sin conocimientos botani-
cos o micolégicos, ni siquiera rudimentarios,
vuelven su atencién hacia las plantas y setas
silvestres como alimento, condimento o incluso
medicina, en la creencia de que por tratarse de
productos naturales no pueden ser perjudicia-
les. En las tdltimas décadas hay que afiadir el
consumo cada vez mdas frecuente de algunas
plantas y setas como substancias alucinégenas.
Se trate de vegetales o de hongos, no es raro que
se produzcan confusiones entre especies de as-
pecto parecido, o se incurra en sobredosis. Atn
son muchas las personas que confian en los
“métodos” tradicionales —y erréneos— de de-
terminacién de la toxicidad de las setas, como
hervir ajos o introducir una cucharilla de plata
en el mismo recipiente donde se cocinan, con-
fiando en que se ennegrezcan si los espécimenes
son venenosos. En el caso de intoxicaciones por
plantas, las ingestiones accidentales por nifios
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contindan siendo muy frecuentes. En todas es-
tas situaciones, una duda del médico en el
diagndstico puede tener graves, incluso fata-
les, consecuencias; este libro contribuird en
buena medida a evitar las confusiones en el
diagnéstico.

Las partes III, IV y V estdn dedicadas a los
micetismos o intoxicaciones por setas, campo
en el que el autor, buen micélogo, ademas de
médico, ha podido acumular sus experiencias
desde su trabajo hospitalario. Tras considerar
los aspectos generales, clasificacién de las in-
toxicaciones y diagndstico sindrémico y bota-
nico de las intoxicaciones por setas (parte III,
capitulos 23 a 25), describe los dos grandes
tipos de sindromes que se dan en los micetis-
mos; los de periodo de latencia breve (parte IV,
capitulos 26 a 31), en general benignos, y que
s6lo exigen una terapia de soporte (gastroente-
ritis agudas, intoxicacién neuroldgica, aluciné-
gena, muscarinica, cardiovascular, hemolitica),
y los de periodo de latencia prolongado (parte
V, capitulos 32 a 36), especialmente las intoxi-
caciones por setas nefrotéxicas y hepatotéxi-
cas, que pueden tener consecuencias mortales y
requieren una actuacién rapida, incluso antes
del establecimiento de un diagnéstico defini-
tivo. Es en el ultimo tema de los sindromes
coleriformes y de agresién hepatica donde el
autor muestra su vasta experiencia, su domi-
nio de la bibliografia y el resultado de sus
propias investigaciones, que le han permitido
limitar al 7% la mortalidad en el total de las
135 intoxicaciones tratadas por él, causadas
por Amanita phalloides, Lepiota del grupo
helveola y otros hongos ricos en amatoxinas,
citados en los libros como mortales.

El autor termina el libro con unos intere-
santes y utiles algoritmos para facilitar la

rapida toma de decisiones en el caso de
intoxicaciones por setas. Creemos que estos
graficos hacen del libro un instrumento que
deberia estar disponible en los servicios de
urgencia hospitalarios, con objeto de que pue-
da ser utilizado en cualquier eventualidad
derivada del consumo o manejo de plantas o
setas toxicas.

Hemos detectado pequeiias imperfecciones
nomenclaturales o de grafia terminoldgica. Es-
tos errores estdn distribuidos sélo en algunas
paginas, que quizas fueron omitidas en la revi-
sién final. También nos sorprende la inclusién
de la ortiga blanca (Lamium album), entre las
plantas urticantes, quizds por una confusién
debida a su nombre popular. En la figura 22.3 se
alude a Suillus granulatus como especie
alergénica, sin que se hable de ella en el texto.
En cuanto a la terminologia, en general muy
correcta, en uno de los casos no nos parece
l6gica. Se trata de orelanina que, por la pronun-
ciacidn latina de la doble ele, debiera escribirse
asi en castellano, y no con elle, como aparece en
el texto comentado.

Pero estos comentarios detallistas sirven
s6lo para demostrar que el autor de esta revi-
sién, aun no siendo médico, ha leido con
gusto e interés la totalidad de este libro, que
pese a ser lacénico, riguroso y pensado para
los profesionales de la medicina, resulta de
un gran atractivo y amenidad para cualquier
naturalista y especialmente para los micélo-
gos. Por todo ello, recomendamos también su
lectura, y uso, a los diversos profesionales y
estudiantes de las ciencias de la vida y de la
salud.

Xavier Llimona
Universidad de Barcelona
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Universitat de Valéncia, 1996. 310 pp.
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Este texto general de introduccién a la bio-
quimica incide en la descripcién de los concep-
tos fundamentales, a partir de los cuales se
explican los procesos bioquimicos de todo or-
ganismo. A diferencia de otros textos sobre el
tema, no se centra exclusivamente en la bioqui-
mica de vertebrados o en la humana. Cumple asi
el dificil compromiso de sintetizar los funda-
mentos bésicos de la bioquimica sin perder la
perspectiva de la gran diversidad metabélica de
los -organismos, consecuencia del proceso de
adaptacién necesario para la conquista de dis-
tintos nichos ecoldgicos durante la evolucién.
Seria de desear que este libro fuera traducido al
castellano y al inglés, para que pudiera benefi-
ciarse de este excelente texto toda la comunidad
cientifica.

Esuna obra de bioquimica general con enfo-
que docente, realizado por docentes, cuyo con-
tenido se adapta perfectamente a los 7-7,5 cré-
ditos con que cuenta la asignatura en los nuevos
planes de estudio. Tiene la extensién adecuada
para servir al alumno en la preparacién de los
temas y, en este sentido, ayuda también al pro-
fesor. Substituye con ventaja a los “apuntes”,
como complemento de las lecciones explicadas
en clase, aunque de ninguna manera ha de con-
siderarse —ni es la pretension de los autores—
un sustituto de los manuales clasicos sobre la
materia, cuya extensién y profundidad, tanto en
el texto como en las ilustraciones, resultan im-
prescindibles. Es el caso de las obras de Stryer,
Voet & Voet, Devlin, Rawn, Lehninger,... que
estan disponibles en inglés y en espaiiol.

El libro se divide en seis partes:

(i) Introduccion. Comprende una atractiva
introduccién a la bioquimica, en la que cabe
résaltar la perspectiva histdrica y el resumen de
sus principales objetivos, ademas de una magni-
fica sintesis sobre la problemadtica del origen de
la vida. En la introduccién se aprecia lo que
serdn dos de las caracteristicas distintivas del
libro: 1a perspectiva evolutiva en la que se pre-
sentan algunos temas y la inclusién de ejemplos
que abarcan desde la bioquimica humana a la de
microorganismos.

(ii) Estructura y funcion de proteinas. El
primer capitulo se dedica a la descripcién de los
distintos niveles de estructura de las proteinas,
presentando de manera clara y concisa no sélo
el nivel actual de conocimiento en este tema,
sino también las incégnitas que todavia existen
por descifrar sobre el proceso de plegamiento
de las proteinas in vivo. En el segundo y dltimo
capitulo de este bloque se explican los concep-
tos de cooperatividad y alosterismo, ilustrando-
los con el clasico ejemplo de la interaccién de la
hemoglobina con el oxigeno.

(iii) Enzimologia. En dos capitulos se resu-
me la naturaleza quimica de las enzimas, la
cinética enzimatica monosubstrato y los distin-
tos mecanismos moleculares que permiten re-
gular la actividad de algunas enzimas en la
célula. Es sorprendente ver cdmo un libro de
texto de estas caracteristicas consigue, por un
lado, sintetizar los conceptos basicos y, por
otro, hacer hincapié en los aspectos que todavia
deben ser ampliamente investigados. Asi, por
ejemplo, se hace referencia al escaso conoci-
miento actual sobre las ribozimas y se comenta
como mediante la mutagénesis dirigida y los
anticuerpos monoclonales se estén esclarecien-
do los mecanismos de la catdlisis enzimadtica.

(iv) Estructura y funcion de los dcidos
nucleicos. Consta de tres capitulos. El primero se
dedica alaestructura y organizacién de los dcidos
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nucleicos; el segundo a lareplicacién, reparacion
y transcripcién del DNA; el iltimo al proceso de
traduccién o biosintesis de proteinas.

Es de destacar la actualidad con la que se
trata el tema, lainclusién de aspectos evolutivos
y el perfecto compromiso entre la exposicion
concisay clarade los conceptos generales, como
launiversalidad del c6digo genético, sin olvidar
labiodiversidad. Son muy ilustrativos los ejem-
plos particulares del distinto significado de al-
gunos tripletes en bacterias.

(v) Bioenergética. Comprende dos capitu-
los, el primero dedicado al flujo de la energia y
el segundo alas cadenas de transporte electroni-
co y sintesis de ATP. Esta parte representa una
novedad respecto ala organizacién habitual que
encontramos en otros manuales de bioquimica.
En este libro, en lugar de presentar la cadena
respiratoria después de la glicolisis y del ciclo
de Krebs, se presentan todos los aspectos
bioenergéticos antes del metabolismo. Se desta-
ca asi en esta parte que el destino de cualquier
oxidacion es la cadena respiratoria, y se presen-
tan conjuntamente la cadena de transporte elec-
trénico mitocondrial y la fotosintética del
cloroplasto, resaltando su punto en comiin, que
es la hipétesis quimiosmotica.

(vi) Metabolismo intermediario. El primer
capitulo en el que se presenta el panorama gene-
ral del metabolismo incluye una novedad im-
portante respecto a la mayoria de manuales de
bioquimica: contiene una seccién dedicada a las
herramientas tedricas desarrolladas en los dlti-
mos afios para cuantificar la distribucién del
control entre las distintas enzimas de una via
metabdlica. A continuacién se describen las
rutas metabdlicas en cuatro bloques: acetil-CoA
y ciclo del 4cido citrico, metabolismo de gliici-
dos, metabolismo de lipidos y metabolismo de
compuestos nitrogenados. La obra termina con
dos capitulos dedicados a la comunicacién in-
tracelular y a la integracién del metabolismo.

Cabe sefialar que en este iltimo capitulo se
presentan ejemplos muy diversos de adaptacio-
nes metabdlicas, tales como la adaptacién al
ayuno, la sincronizacién de ritmos estacionales
en plantas, o la adaptacién de Escherichia coli a
ambientes anaerébicos. Una vez més se alcanza
con éxito el compromiso entre presentar la uni-
versalidad del metabolismo intermediario y la
diversidad de combinaciones posibles entre las
distintas reacciones metabdlicas, que configu-
ran el soporte metabdlico de la biodiversidad.
Como resumen, puede decirse que este libro
es un excelente manual adaptado a un curso de
introduccién de bioquimica, recomendable a
cualquier estudiante que desee introducirse en
esta disciplina. La bibliografia seleccionada en
cada capitulo estd actualizada y se aprecia un
esfuerzo porincluir una buena parte de textos en
espaiiol, a fin de facilitar al alumno la amplia-
cidén de sus conocimientos. Los aspectos evolu-
tivos estdn muy bien tratados, permitiendo com-
prender como se ha llegado a la complejidad
actual que presentan los seres vivos.También se
incluye en varios capitulos bibliografia actuali-
zada sobre los aspectos evolutivos del tema en
particular. La estructuracion, el rigor y la clari-
dad con los que estd escrito facilitan la com-
prension de su contenido. Faltaria, sin embargo,
un indice general alfabético que permitiese ac-
ceder rapidamente a la informacién deseada. Es
de esperar que en la préoxima edicion de este
libro se incluya un indice al final. Tenemos que
afladir que la calidad y claridad de las numero-
sas figuras, asi como el precio moderado del
libro, hacen que esta obra sea altamente reco-
mendable a los estudiantes, no sélo de bioqui-
mica, sino también a los de biologia celular o
microbiologia, ya que es un magnifico comple-
mento de diversos temas de estas asignaturas.

Marta Cascante
Universidad de Barcelona
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Desde que el estudio de los microorganismos
tiene nombre propio, los avances cientificos y
técnicos, lentos en sus primeras etapas, vertigi-
nosos en nuestra época, han ido proporcionando
cada vez mayor conocimiento y comprension de
los miltiples procesos que tienen lugar con o
gracias a la intervenciéon de microorganismos.
La tecnologia, a la que tanto debe el desarrollo
cientifico, ha sido igualmente un potente motor
de desarrollo para la industria, llegando a pro-
ducir, hasta nuestros dias,un flujo unidireccional
de informacioén.

Wayne P. Olson presenta en este libro las
técnicas mas innovadoras para la identificacién
de los microorganismos, aplicables a los labora-
torios de investigacién mas modernos. Automa-
ted Microbial Identification and Quantitation
comprende 15 capitulos, que pueden distribuir-
se en cuatro grupos teméticos, a cargo de dife-
rentes autores.

En el primero de ellos (capitulos 1, 2 y 3),
dedicado a la identificacién general de diversos
microorganismos, se describen desde la identi-
ficacién por cromatografia de gases (conside-
rando sus limitaciones y errores de aplicacién),
hasta los “Vitek”, sistema de 30 tarjetas de
identificacién con substratos bioquimicos des-
hidratados de uso especifico, o el sistema “Bio-
log Microstation”, microplacas que en su inte-
rior presentan un centenar de tests de identifica-
cién y clasificacion.

El segundo grupo temético (capitulos 4,5 y
6) trata los sistemas de identificacién de grupos
concretos de microorganismos: (i) anaerobios,
con dos tipos de “kits”, los microbioquimicos,
que dependen del crecimiento, y los enzimati-
cos rdpidos, no dependientes de crecimiento,
sino de la unién a su croméforo; (ii) microorga-
nismos Gram-positivos, con sistemas muy simi-
lares, test automatizado para bacteriologia
(ATB) y sistema automicrobiano (AMS), am-
bos basados en “kits” de pruebas bioquimicas;
(iii) levaduras, mediante quimiotaxonomia, rea-
lizada por anélisis quimico de los componentes
microbianos (lipidos, polisacéridos, proteinas y
acidos nucleicos), muy util, pero que no puede
aplicarse de manera exclusiva en la identifica-
cién de gran nimero de grupos de origen filoge-
nético diverso.

El tercer grupo (capitulos 7, 8 y 9) describe
métodos de identificacién poco especificos, a
excepcién de las técnicas para el género Myco-
plasma. En “ Tecnologia de sondas y automati-
zacién” se muestra una metodologia de amplio
espectro, que permite identificar, enumerar y
detectar microorganismos celulares o virus, mos-
trando a la vez gran especificidad, por su unién
restringida a su objetivo molecular (DNA,RNA,
proteinas, etc.). La descripcion se centra basica-
mente en las sondas de DNA y RNA, por su
posible combinacién con la tecnologia de la
reaccién en cadena de la polimerasa. No es de
extrafiar que el libro dedique un capitulo entero
a describir las dos técnicas principales para la
identificacién de Mycoplasma (la metodologia
de cultivoy el método de tincién por fluorescen-
cia, que puede ser aplicado directamente al
cultivo celular). Desde que, en 1956, se detect6
como contaminante de un cultivo celular, se ha
visto que la presencia de micoplasmas en culti-
vos utilizados para obtener productos farma-
céuticos es bastante frecuente. El capitulo “Ana-
lisis de los 4cidos grasos celulares para la clasi-
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ficacién e identificacion de bacterias” es una
descripcién detallada de una técnica quimio-
taxondmica utilizada para identificar microor-
ganismos de importancia biolégica y médica.
El dltimo grupo temético (capitulos 10 a 15)
trata de la cuantificacion y caracterizacién de
poblaciones microbianas, y describe seis tipos
de métodos. El capitulo “Enumeracién y carac-
terizacién de las poblaciones microbianas por
medio de contadores de particulas pticos o
sensibles a campos eléctricos” describe la tec-
nologia disponible para medir el tamafio de
bacterias o células aisladas y hacer recuentos de
poblaciones, asi como las aplicaciones de esta
metodologia a las poblaciones microbianas que
se encuentran en suspensién en el aire o en
medio acuoso. Son técnicas auxiliares muy uti-
les para conocer el tamaifio de las células, los
cambios cuantitativos en una poblacién, cam-
bios fisicos tales como alteraciones del morfo-
tipo o presencia de esporas bacterianas; tam-
bién para controlar variaciones temporales en
las relaciones intercelulares, como la fusién
celular, gemacion, adherencia o fagocitosis.
Se describen detalladamente los principios
en los que se basan el contador de Coulter, el
contador por extincion de luz, la citometria de
flujo y la espectroscopia de correlacion de foto-
nes, entre otras técnicas, con indicaciones para
elegir la metodologia adecuada. El capitulo
sobre el “Anélisis cuantitativo de ATP”, descri-
be una técnica muy sensible, especifica y rdpida
para calcular el nimero de células viables por
medio de bioluminiscencia. Se basa en la pre-
sencia universal de ATP en las células vivas, en
cantidad relativamente constante dentro de un
mismo tipo, y en el hecho de que este nucleétido
desaparece rdpidamente en las células muertas.
El siguiente capitulo estd dedicado a las “Prue-
bas de lisado de amebocitos de Limulus (LAL)”,

que se utilizan para la deteccién de contamina-
cién por endotoxinas. El nombre se tomé a
partir de la prueba descrita por Levin and Bang,
en 1968, que utilizaba como reactivo una sus-
pensién de células sanguineas, o amebocitos,
del artr6podo marino Limulus polyphemus (ca-
cerola de las Molucas) para detectar la presen-
cia de endotoxinas (pirégenos) en sangre.
Ademas de la naturaleza de las pruebas,
metodologia y aplicaciones, el capitulo descri-
be las regulaciones y estdndares en diferentes
paises. Los capitulos “Recuento microbiano por
cromatografia de gases” y “Andlisis cuantitati-
vo del DNA en productos proteicos y en medios
de fermentacién” se centran en productos obte-
nidos a partir de microorganismos. La primera
de estas técnicas permite detectar la existencia
de contaminantes microbianos, y se basa en el
conocimiento de la cantidad aproximada de cé-
lulas en el cultivo y de la produccién final de la
fermentacién, mediante la utilizacién de la cro-
matografia de gases (GC). La segunda es utili-
zada para la deteccién de residuos celulares o de
DNA microbiano contaminante, en la gran can-
tidad de proteinas recombinantes obtenidas para
uso farmacéutico. El dltimo capitulo, “Recuen-
to semiautomadtico de microorganismos en el
aire”, se centra en la importancia de la cuantifi-
cacién de los microorganismos en el aire, por
los aspectos econémicos y de salud publica.
Como resumen, podemos decir que se trata
de una obra de consulta casi obligada para las
personas que trabajan en microbiologia clinica,
en la industria farmacéutica o de produccidén de
alimentos y bebidas, asi como en cualquier
campo que precise de técnicas rapidas para la
identificacién y recuento de microorganismos.

Antoni Navarrete
Universidad de Barcelona



VoL. 12, 1996

LIBROS 501

Bacteriological Analytical
Manual, 8th ed.

AOAC International, Gaithersburg, MD,
EE. UU., 1995. Precio: $145 (en Europa).
ISBN 0-935584-59-5.

Publicado por la AOAC International y bajo
la direccién de la US Food and Drug Adminis-
tration (FDA), esta octava edicién del Bacterio-
logical Analytical Manual (BAM) describe en
sus 28 capitulos los métodos seleccionados por
ia FDA, bajo diferentes criterios, para el anali-
sis microbiolégico de alimentos, bebidas y cos-
méticos. Se citan, aunque no se explican, otros
métodos de deteccion rapida de microorganis-
mos en un apéndice al final del manual, donde
se insiste en los constantes cambios que se
producen en este tipo de pruebas.

La actualizacién obligada de un manual de
estas caracteristicas, en este caso con respecto a
la edicién anterior, de 1992, se hallevado a cabo
revisando y modificando la mayor parte de ca-
pitulos y afiadiendo otros, concretamente los
que tratan de la utilizacién de la PCR para la
deteccién y cuantificacién del virus de la hepa-
titis A en bivalvos (capitulo 26), y para la
deteccién de Vibrio cholerae en alimentos (ca-
pitulo 28), asi como los métodos de deteccién de
la fosfatasa alcalina para determinar si los pro-
ductos l4cteos han sido elaborados con leche
pasteurizada (capitulo 27).

Cada capitulo consta de una breve explica-
cién acerca de los fundamentos cientificos de
cada método. Sigue una descripcién detallada
de los aparatos, medios y reactivos y, a conti-
nuacién, la parte descriptiva de la técnica que,
gracias a una buena distribucién, facilita la
consulta rdpida. La bibliografia del final de
cada capitulo combina los dos fundamentos de
cada método, el aspecto tedrico basico (con

textos clésicos) y el tecnoldgico, con las publi-
caciones mds recientes que permiten al usuario
obtener informacién adicional.

Los tres primeros capitulos incluyen proce-
dimientos generales y recomedaciones para lle-
var a cabo las distintas pruebas. Los capitulos 3
al 17 tratan de los microorganismos patdgenos
que, utilizando los alimentos como vehiculo de
transporte y entrada, son causantes de distintas
infecciones humanas. Se incluyen desde bacte-
rias (Escherichia coli, Salmonella, Shigella,
Campylobacter, Yersinia, Vibrio, Listeria, Sta-
phylococcus aureus, Bacillus, Clostridium),
hasta levaduras y hongos, y parasitos de anima-
les. El resto de capitulos, del 18 al 28, no
pueden englobarse bajo un denominador co-
mun, debido a que en todos ellos se tratan temas
distintos. Sirvan de ejemplo los tres capitulos
dedicados al estudio microbiolégico de la le-
che, que describe la deteccién de substancias
inibitorias en ella, la determinacién de sulfa-
metazina en leche mediante HPLC y la determi-
nacién de la fosfatasa alcalina en productos
lacteos. La deteccién mediante el uso de sondas
de microrganismos patégenos que se transmi-
ten via alimentos, y la deteccién y cuantifica-
cién del virus de la hepatitis A en bivalvos
mediante PCR, son el tema de otros tantos
capitulos. Merece la pena destacar la existencia
de un capitulo sobre las técnicas microbioldgi-
cas utilizadas en la industria de la cosmética.

Estamos, pues, ante una obra de manifiesta
utilidad, de caricter eminentemente practico
que, gracias a su constante actualizacion y fécil
consulta, permite resolver de manera eficaz los
problemas de tipo metodolégico que se pueden
encontrar en el anélisis de aguas, alimentos y
cosméticos.

David Rafols
Universidad de Barcelona
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Instructions to 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 it is not being considered for publication elsewhere. Consent will be given for reproduction
of papers published in this journal if the source is credited.

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). Three to five “key words” should 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. The
Systeme International d’Unités (SI) is to be used throughout.

Cite each listed reference by number 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, NY.

Seeberg, E., Nissez-Meyer, J., Strike, P. (1976). denV gene of bacteriophage T4 determines a DNA
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. In
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: (Garcia, P. et al. 1985, in preparation), (Smith, T. 1985. Ph. D. thesis, University of
Massachusetts, Amherst) or (Sudrez, A., Gonzalez, 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). All elements 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 instructions 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. Minireview articles should deal with microbiological subjects of broad interest. They
will be written in English. Specialists will be called upon to write them. However, if some authors are interested
in publishing minireviews, these can be submitted for publication. They should be between 12 and 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 when indicated. If
delayed beyond this time 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 on paper, 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. If the article is accepted for publication, a version in diskette will be requested.
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Normas para los autores

Microbiologia SEM (la revista cientifica de la Sociedad Espafiola 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.
Sélo se admitirdn trabajos inéditos que no estén pendientes de publicacic’m en cualquier otra revista. Los
originales publicados en Microbiologia SEM podran ser reproducidos siempre que se indique su orlgen

PRESENTACION DE LOS ORIGINALES. Los articulos estaran escritos a maquina, a doble espacio, en
hojas UNE A-4 por una sola cara, numeradas correlativamente y con un amplio margen en la parte izquierda.
No deberdn 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 espafiol se deberd incluir
una version inglesa del titulo. Los articulos constardn de: Restimenes en inglés y en espaiiol (de no mas de 250
palabras cada uno), Introduccién, Materiales y métodos, Resultados, Discusién, Agradecimientos y Bibliogra-
fia. Las secciones de Resultados y Discusi6n se podran juntar en una sola.

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

La bibliografia 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, NY.

Seeberg, E., Nissez-Meyer, J., Strike, P. (1976). denV gene of bacteriophage T4 determines a DNA
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. In
Nombela, C. (ed.), Microbial Cell Wall Synthesis and Autolysis, pp. 3—12. Elsevier Science Pub., Amsterdam.

Las referencias 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.,
Gonzilez, F. 1975. Res. V Congr. Nac. Microbiol., p. 1845).

Las fotografias, que deberdn estar preparadas para su reproduccién directa, se limitaran a las estrictamente
necesarias para la comprensién del trabajo y serdn de calidad suficiente para asegurar una buena reproduccion.
Deberén estar numeradas al dorso, indicando el apellido del primer autor a 1apiz. 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 tamafio de las fotografias no excedera de 13 x 20 cm. Las dimensiones de los rétulos
deberén ser las adecuadas para ser legibles en caso de que se reduzca la fotografia. La presentacion 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 deberan llevar el correspondiente titulo explicativo. Los autores deberdn indicar a lapiz en el margen
del texto la situacién aproximada en donde deben aparecer las tablas y figuras.

NOTAS. Las Notas, que no deberan exceder de seis paginas mecanografiadas, incluyendo figuras y tablas,
tienen por objeto la presentacion de observaciones experimentales, descripcion de técnicas o modificaciones
metodoldgicas 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. S6lo incluirdn, como méximo, dos figuras y una tabla, o viceversa.

ARTICULOS DE REVISION Los articulos de Revisién versardn sobre temas de mlcroblologla de gran
interés, su redaccion se solicitard a especialistas y se escribirdn siempre en inglés. Sin embargo, si algiin autor
estd interesado en publicar articulos de Revision, podrd enviarlos a la revista. Los originales deberdn
comprender aproximadamente de 12 a 20 paginas (incluidas figuras y tablas), mecanografiadas a doble espacio.

CORRECCION DE PRUEBAS. Los autores recibirdn pruebas de imprenta, que deberan estar de vuelta
en laredaccién en el plazo que se indique. 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 mas importantes, que impliquen recomposicién del texto,
deberan ser abonadas por los autores. Se enviardn 25 separatas gratuitas por articulo; si se desearan més, deberd
indicarse cuando se devuelvan la pruebas corregidas. Las separatas adicionales serdn facturadas a precio de
coste.

El articulo, original y dos copias en papel, se enviard a la siguiente direccién: Microbiologia SEM.
Apartado 16009, 08080 Barcelona, Espaifia, o al miembro del Consejo Editorial de la revista que esté mas
relacionado con el contenido del articulo. Posteriormente, caso de ser aceptado, se pedird también una versién
en disco de ordenador.
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ERRATA

Regulation of virulence gene expression in pathogenic
Listeria

Klaus Brehm,'? Jiirgen Kreft,”> Maria-Teresa Ripio,'
José A. Vazquez-Boland'*

' Unidad de Microbiologia e Inmunologia, Facultad de Veterinaria,
Universidad Complutense de Madrid, Madrid, Espafia
2 Lehrstuhl fiir Mikrobiologie, Theodor-Boveri-Institut fiir Biowissenschaften (Biozentrum),
Universitit Wiirzburg, Wiirzburg, Germany

(Published in Microbiologia SEM 12, 219-236 [1996])

On p. 225, Table 1, in the last epigraph, “Growth within macrophages”, the text “Selective
induction of 32 proteins (including HSP and oxidative stress proteins)” in the “Effect” column should
read:“Selective induction of 32 proteins (excluding HSP and oxidative stress proteins)”. For more
details, see p. 226, 2nd paragraph, on the left column.

Onp. 233, left column, line 18, shouldread “...as the many open questions...” instead of “as there
are many open questions...”

The authors apologize for these errors.
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