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Genomic imprinting in microorganisms

Josep Casadests* and Rafael Maldonado

Departamento de Genética, Universidad de Sevilla, Apartado 1095, 41080 Sevilla, Spain
{Received December 14, 1989)

Summary

Genomic imprinting is an epigenetic mark introduced on a DNA molecule without alteration
of the base sequence. Upon replication, the primary mark is propagated to the daughter DNA mo-
lecules. Epigenetic DNA modification often serves as a regulatory signal and may play a crucial ro-
le in many developmental processes. Although this mode of gene regulation was first discovered in
multicellular enkaryotes, cases of impriuting have been recently found in lower eukaryotes, bacteria
and phage. Thus it may be reasonable to list DNA modification among the major mechanisms that
regulate gene expression.

Key words: DNA modification - gene regulation.

Resumen

La impronta gendmica es una marca epigenética que se introduce en una molécula de ADN sin
alterar la secuencia de bases. Cuando el ADN se replica, la marca primaria se propaga a las molécu-
las hijas. La modificacién epigenética del ADN puede servir de sefial reguladora y probablemente
desempefia una funcién crucial en muchos procesos de desarrollo. Aunque este tipo de regulacién
se descubrid en eucariotas multicelulares, también existe en eucariotas inferiores, bacterias v fagos.
Por tanto, tal vez sea hora de incluir a la modificacién de ADN entre los mecanismos generales de
regulacién genética.

Introduction

Today's paradigm of genetic regulation emphasizes the role of trans-acting molecules (usually
proteins) that switch on and off the intracellular flow of genetic information at a certain level (often
acting upon transcription). Under this paradigm, the ADN sequences that embedy the genetic in-
formation play-a passive role: their activation or repression is decided by elements external to the
sequence. This review explores a completely different mechanism of gene regulation, in which
DNA sequences are turned on and off by signals present on the DNA itself. The classical example
is the inactivation of one chromosome X in female mammals; other cases are known in a variety of
organisms, from phage to higher eukaryotes. The mechanisms underlying genetic inactivation are
still poorly understood; whatever they are, all must be based on «genomic imprinting», that is, the

(*) Corresponding author
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inheritable modification of DNA without alteration of the nucleotide sequence. The increasing
number of reports on differential, sex-dependent gene expression suggests that genomic imprinting
may be more common than previously expected. Moreover, the recent discovery of cases of genetic
inactivation in bacteria {Bacillus, Azotobacter) and phage (P22) indicates that this mode of gene re-
gulation is not confined to eukaryotes.

A brief history of genomic imprinting

In sexuwally-reproducing organisms, deviations from Mendelian inheritance are often due to the
influence of cytoplasmic factors. However, examples exist where non-Mendelian inheritance of cer-
tain traits is known to be caused by differences between the male and the female nuclear genomes.
The first of such cases, the R-mottled phenotype of maize, was described by R. Emerson in 1918, al-
though its proper interpretation has taken more than half a century (32}. Unlike animals, flowering
plants reproduce sexually by double fertilization: the embryo develops from two sperm cells, one of
which fertilizes the egg, while he other fuses with the two haploid nuclei of the central cell in the
embryo sac, giving rise to the triploid endosperm. The two sperm of one pollen grain are isogenic;
likewise, the two nuclei of the central cell derive from the same meiotic product. The R locus con-
trols the synthesis of pigments in the aleurone layer of the kernel, derived from the triploid endos-
perm. In reciprocal crosses between colored and colorless varieties, Emerson found that the R-phe-
notype of the offspring was parentally sex-biased: kernels receiving R from the mother were colo-
red, while those receiving R from the father were mottled. This result was first interpreted as a
consequence of unequal gene dosage: since the central celi is binucleate, reciprocal crosses between
pellen and ears from strains carrying or not the allele R yield different doses in the endosperm.
However, detailed analysis carried out by J. L. Kermicle has provided a compietely different expla-
nation: the asymmetry is caused by uniparental imprinting of the R locus. In the female gametophy-
te, the color-producing allele R is modified. The modification causes absolute turn-off of the gene,
Imprinting of the R locus is stable, but can be erased if the inactive allele is passed through the male
gametephyte in the following generation (24).

Six decades after Emerson's experiments, many examples of differential genetic contribution
by paternal and maternal gametes are known. In animals, the most extreme situation is found in so-
me mealy bugs, in which the paternal set of chromosomes is completely inactivated during deveiop-
ment: therefore, the father does not contribute to gene expression in somatic tissues (40). Mealy
bugs are not a bizarre exception: imprinting seems to be extremely common in insects (see ref, 6 for
a review). However, the classical and most thoroughly studied example of epigenetic modification
of DNA is the inactivation of the X chromosome in female mammals. By the thousandcell stage of
embryogenesis, one X chromoseme undergoes condensation and becomes transcriptionally silent
(26}. This inactivation is stably inherited but fully reversible: during oogenesis the inactive X beco-
mes reactivated (8). In marsupials, the inactive X chromosome is always paternal (22). In the em-
bryos of eutherian mammals, X inactivation occurs randomly, so that the inactive chromosome may
be from paternal or maternal origin. However, inactivation always affects the paternal X in the ex-
traembryonic membranes of eutherian mammals (22).

Mammalian imprinting not only occurs at the chromosome X. Differential expression of pater-
nal and maternal genomes appears to exist for many autosomal loci of both the mouse and the hu-
man genome (33, 39). For instance, in the mouse, the paternal set of autosomes seems to be more
important for the development of extracmbryenic tissues, while the maternal genome is more im-
portant for embryonic development (33). Examples of individual markers whose expression seems
to be impaired by their paternal or maternal origin are also known (17, 33, 39). To be differentially
expressed when contributed by the paternal or the maternal genome, sex-dependent imprinting of
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genes must occur. Imprinting must be established before or during gametogenesis and persist stably
throughout DNA replication and somatic cell diviston, Later, imprinting must be erased in the germ
line to be differentially established once again in sperm and egg genomes. Cyclic imprinting and
erasure may have been of evolutionary importance as a mechanism to force organisms to undergo
sexual reproduction. It may also account for the developmental failure of parthenogenetic embryos
in mammals {39). Sex-dependent imprinting may be also the clue to explain the odd patterns of in-
heritance found for a number of human diseases (17, 38, 39).

Imprinting in eukaryotic microbes: Mating type interconversion in fission yeast

The yeast Schizosaccharomyces pombe usually exists in a haploid state and has two mating-cell
types, called P («plus») and M («minus»). The mating type is controlled by alternate alleles of the
matl locus. These alleles can interchange («switch»), following a nonrandom pattern: of a pair of
sister cells, only one member gives rise to switched progeny. Recently switched cells cannot produce
switched progeny in the next generation: an unswitchable cell gives rise to one unswitchable and
one switchable cell; the latter will switch in the following generation. The mechanism of switching is
a transposition-substitution event involving loci mat2-P and mat2-M. These loci respectively contain
«plus» and «minus» information, but both are transcriptionally silent; they sefve only as doners of
the «plus» and «minus» information used to transform the matl locus. The switch is a gene conver-
sion of the transcriptionally active matl locus with a copy of either mat2-F or mat2-M.

Why does only one member of a pair of sister cells produce switched progeny? Fascinating stu-
dies carried out by Amar Klar (25} indicate that the competence for switching is acquired by epige-
netic marking at the matl locus. According to Klar's hypothesis, one of the two strands of the DNA
receives a special strand-and sequence-specific modification that allows the DNA modecule to be
cut «in vivor. Site-specific cutting is a requisite for the gene conversion process. In the absence of
strand modification, mar! DNA is not cleaved and switching does not occur. The chemical nature of
the signal is not yet known; Klar speculates with several possibilities: (I) methylation or some other
base modification; {II) an unrepaired RNA primer of Okazaki fragments; (III) a protein complex
that segregates with a specific strand; and (IV) a site-specific single-stranded nick that becomes a
double-stranded break in the next round of replication. Whatever the signal is, it works in an oppo-
site mode to the restriction-modification sysiem of prokaryotes, where imprinting of specific se-
quences prevents DNA cutting by restriction endonucleases {see below).

Genomic imprinting in prokaryotes
Host-controlied restriction and modification

The best known (and probably the simplest) case of genomic imprinting described in bacteria
is the modification of DNA sequences recognized by restriction enzymes. The terms «restriction»
and «modification» describe the different behavior of bacteriophage on different strains of host
bacteria (1, 3). The basic observation, first made by Giuseppe Bertani in the fifties, was that the pla-
quing efficiency of a given preparation of bacteriophage largely depended on the last host where
the bacteriophage had replicated. For instance, a phage A suspension grown on E, cofi K will succes-
fully multiply on strain K, but will grow poorly on strain C. If the few phage particles obtained on
strain C are used to reinfect the same strain, they will now produce a spectacular burst; however,
these particles will produce a poor infection on strain K. It appears that Escherichia coli K, known
as the restricting host, possesses the ability te reduce the biological activity of phage DNA; howe-
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ver, the restricting host Escherichia coli K also appears to be able to effectively modify some of the
infecting A DNA molecules in such a way that they will now grow efficiently on this host in subse-
quent infections. The former process is known as «restriction»; the latter is called «modification».
Elegant experiments carried out at Werner Arber's laboratory during the sixties showed that res-
triction is caused by cleavage of infecting DNA by restriction endonucleases, while modification re-
sults from DNA methylation (2). Methylation of specific bases in the target sequences recognized
by restriction endonucleases protects an organism's own DNA from being digested by its own no-
cleases. Unmethylated «foreign» DNA is recognized as soon as it enters the bacterial cell; it is im-
mediately digested and rendered biologically inactive. This explains why infecting phage DNA per-
forms so pootly in a restricting host and why the few DNA molecunles that have escaped restriction
will grow efficiently in further infections (2). The small fraction of surviving DNA is replicated in
the presence of modifying methylases and becomes methylated. In subsequenct infections of the same
host this DNA will, therefere, be protected from attack by restriction endonucleases. Of course, the
process affects not only phage DNA but other genetic transfer processes such as conjugation, trans-
duction and transformation.

Restriction-modification systems are common throughout the prokaryotic world, giving rise to
the variety of restriction enzymes used in recombinant DNA techonology. All restriction systems
consist of an endonuclease and a methylase, encoded either by the bacterial chromosome or by
phage or plasmid DNA's. Three types of restriction endonucleases, designated types I, IT and III,
are currently known (4). Moreover, restriction-modification systems that do not fit the current clas-
sification appear to exist, thus leaving open the possibility of defining additional types in the near
future (4).

Modification of bacteriophage Mu DNA: Imprinting against restriction

The temperate bacteriophage Mu specifies a DNA modification function encoded by a gene
designated mom (41). Expression of the mom gene renders Mu insensitive to many restriction sys-
tems «in vivor; it also protects Mu DNA from digestion by many restriction endonucleases «in vi-
tro» (20). The ability to overcome restriction-modification systems probably has an enormous selec-
tive advantage since Mu can infect many gram-negative bacteria. The nature of the epigenetic mark
introduced into Mu DNA is not yet known; whatever it is, it is certainly different from methylation
(20, 21). However, methylation is involved in the modification process, albeit at another level: trans-
cription from the mom promoter requires methylation of an upstream GATC sequence by the
host's Dam methylase (21).

The «non-complementing diploids» of Bacillus subtilis

A well documented case of imprinting has been found in the gram-positive bacterium Bacillus
subtilis: when protoplasts from multiply-marked strains are fused using the polyethylene glycol
procedure, certain celonies of the diploid offspring only express markers from one of the parents
(18). However these isolates are able to segregate clones that express markers from the other pa-
reat; thus they were true diploids and contained chromosomes from both parents, but one of two
parental chromosomes was phenotypically silent (18). Unstable non-complementing diploids (hen-
ceforth, «unstable NCDs») are also able to segregate recombinants between the two parental geno-
mes, indicating that recombination can occur between the active and the inactive chromosome (12).
The possibility of recombination indicates that chromosome inactivation is not caused by compart-
mentation: to be able to recombine, the active and the inactive nucleoid must coexist in the same
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cellular milieu. Thus inactivation must be achieved through an epigenetic mark that labels one of
the chromosomes, turning off its expression. There is evidence that expression is turned off at the
transcriptional level: a prophage resident on the silent chromosome does not confer immunity; di-
rect measurements of RNA hybridizable to phage DNA led to the conclusion that the prophage on
the silent chromosome is transcriptionally silent (14).

Little is known on the nature of the mechanism that turns transcription off. In transformation
experiments using DNA from unstable NCDs, transformants are obtained for markers located on
both the active and the silent chromosome (18). This result suggests that the epigenetic mark is not
a covalent modification, but a [ooser label that can be easily erased when the DNA is purified and
introduced in the recipient cell. If crude nucleoid preparations are used, the frequency of transfor-
mation is higher for markers located on the active chromosome. However, transformation by mar-
kers located on the silent chromoseme can be enhanced by treating the transforming nucleoid
DNA with proteinase K. This suggests that chromosomal inactivation may be caused by proteins as-
sociated with the nucleoid (5).

However, the phenomenon is probably more complex than described so far. A subclass of «sta-
ble» NCDs has been found (15). These revert at frequencies below 107 and their DNA has low
transforming activity for markers located on the silent chromosome. This activity is not enhanced
by treatment with proteinase K; even highly-purified DNA from stable NCDs has low transforming
ability. These results can be taken as an evidence that the silent chromosome of stable NCDs con-
tains an additional epigenetic mark not present on the DNA of unstable NCDs. Studies on the ex-
pression of genes cloned onto bifunctional plasmids that can be transferred forth and back between
E. coli and Bacillus seem to indicate that the silent DNA of stable NCDs is modified: passage
through E. coli efficiently causes reactivation of cloned genes transferred from stable NCDs. This
result suggests that the modification is erased when the DNA is replicated in an unrelated host such
as E. coli (28). The physical nature of the hypothetical DNA modification is unknown. The existen-
ce of unstable and stable NCDs and their different requirements for epigenetic erasure of the inac-
tivating signal suggest that the imprinting system of Bacillus subtilis comprises two or more steps,
perhaps operating serially. Unstable NCDs may represent the looser stage of inactivation, where the
epigenetic mark responsible for inactivation can still be erased by proteinase K. The tighter inactiva-
tion observed in stable NCDs may be a DNA modification that can only be erased if the silent
DNA is replicated in an unrelated host.

The biological significance of NCD formation in Baciflus is unclear. However, current evidence
suggests that the phenomenon might be related to the formation of condensed chromosemes during
the process of sporulation. This hypothesis is supported by the fact that the spoOA gene, previously
discovered as a sporulation gene (29), is required for the establishment and maintenance of chro-
mosome inactivation (40), If a NCD containing a cloramphenicol actetyl transferase cassette on the
silent chromosome is transformed with DNA from a speOA mutant, reactivation (detected as the
appearance of Cami isolates) is easily observed {11). Cami isolates are not obtained when transfor-
ming DNA from a spoOA” strain is used (11). In addition to spoOA, other genes may be involved
in the regulation of gene expression on the silent chromosome: for instance, the recE gene, functio-
nally analogous to the recA locus of enteric bacteria (30), seems to be able to induce a prophage lo-
cated on the silent chromosome after treatment with DNA damaging agents (16).

Genetic inactivation in Azotobacter vinelandii

Azotobacter vinelandii is a gram-negative bacterium, widely known for its ability to fix atmos-
pheric nitrogen. The organization of the Azotobacter genome is quite unusual in the bacterial
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world: each vegetative cell contains 40-80 copies of a single chromosome (34, 35). This extreme
polyploidy has been envisaged as a possible strategy to cope with the enormous respiratory activity
displayed by the bacterium (23). However, the introduction of transposon technology and the sub-
sequent development of neoclassical genetic analysis in Azotobacter has raised doubts about the
existence of functional polyploidy (9). Segregation patterns, UV sensitivity studies and analysis of
the expression of selectable recessive mutations indicate that A. vinelandii is a moderately poly-
ploid bacterium in functional terms (7, 31). The number of active copies can be estimated between
4 and 16, depending on the marker considered and the estimation method used (31). Thus a large
fraction of the redundant genome seems to be inactive.

The hypothesis of genetic inactivation is supported by genetic and physical data. False ho-
mozygotes, formally analogous to the NCDs of Bacillus subtilis, can be isolated after gene transfer
and rapid segregation (7, 9 31). These false homozygotes carry silent alleles that reactivate sponta-
neously at very low frequencies. Moreover, reactivation can be triggered by genetic transfer (trans-
formation or conjugation). The existence of induced reactivation is a fortunate finding that makes
the system more amenable to genetic and physicat analysis (31).

Inactive alleles carried by false homozygotes can be detected by Southern hybridization. Many
silent alleies show altered hybridization patterns with loss of restriction sites, suggesting the existen-
ce of a DNA modification that renders the silent DNA insensitive to restriction enzymes (31). Ho-
wevet, cases have been found where an inactive allele still shows a wild-type hybridization pattern,
indicating that imprinting can exist without DNA modification. Thus it is tempting to hypothesize
that genetic inactivation in A zetobacter comprises several steps, in an analogous fashion to the for-
mation of stable NCDs in Baciflus. Interestingly, altered hybridization patterns are never found in a
mutant strain that shows higher reactivation frequencies; this strain might be deficient in one of the
imprinting steps, thus becoming more prone to undergo reactivation.

The imprinting system of A. vinelandii still has another interesting feature: the likely existence
of biased segregation. Alleles recently introduced in a strain seem to have a high, statistically un-
accountable chance of appearing in homozygotic strains after a few generations (R. Maldonado and
J. Casadests, unpublished data). In practice, biased segregation complicates the study of genetic
inactivation, since both processes seem to occur simultaneously in batch cultures (Figure 1). Howe-
ver, biased segregation may also uncover a subtle mechanism to avoid segregation of inactive geno-
mes: only DNA molecules labeled as «active», such as those recently recombined and expressed,
will be recognized by the partition mechanism of the cell. The model, still speculative, may explain
how a polyploid bacterium containing inactive genomes can ensure proper partition of the active
ones.

The biological significance of imprinting in Azotebacter is unknown. Taking the Bacillus sys-
tem as a model (40), it is conceivable that DNA inactivation might be related to eyst formation. Ho-
wever, it might also be a flexible mechanism controlling gene expression. The latter hypothesis is
supported by the observation that gene dosage may slightly vary depending on the marker conside-
red (7, 31).

The «archived» P22 prophage of Salmonella typhimurium

An unusual mode of lysogeny was recently discovered by Diana Downs and John Roth (10).
Under certain conditions, all of which seem to perturb purine metabolism, a variety of cryptic pha-
ges are released from the standard strain LT2 of Saimonella typhimurium. These phages were first
classified into several phenotypic groups according to plaque morphology; however, physical analy-
sis proved that all were undistinguishable from P22 (10). Downs and Roth suggest that the variety
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Fig, 1—A model for the alternative processes of biased segregation and genetic inactivation and their respective roles in the

generation of true and false homozygotes in the polyploid bacterium Azorobacter vinelandii. When a transposcn-induced mu-

tation is introduced inte the wild-type strain by transformation or conjugation, transient heterozygotes are obtained. These

can segregate either false homozygotes that contain inactive alleles or true homozypotes produced by biased segregaticn (see
refs. @ and 31).

of types may arise from mutagenesis of the cryptic prophage during the induction proccess (which,
interestingly, is recA-independent, unlike the induction of normal P22 lysogens). The cryptic P22
prophage does not confer immunity, indicating that its lysogenic repression functions are not ex-
pressed. Moreover, physical analysis of genomic DNA from the strains from which the phage was
released provides puzzling results. Southern hybridization against P22 probes shows bands with
unusually high mobility, whose origin is not yet understood. Anyway, abnormal hybridization pat-
terns clearly suggest the existence of DNA modification. Thus the «archived» prophage seems to be
held in an inactive state by an imprinting mechanism of unknown nature. The imprinting system
must be regulated by a global regulatory network related to purine metabolism, For this reason, en-
vironmental conditions that perturb purine synthesis are able to lift the «archived» state (10).

Physical mechanisms of imprinting

With the exception of DNA methylation associated to host-controlled modification, none of
the imprinting systemns described above has been fully characterized at the molecular level. Methy-
lation has been ruled out as the mark that modifies Mu DNA (20), but it likely plays a major role in
eukaryotic imprinting. For instance, the methylation of deoxycitosines in CG doublets of mamma-
lian DNA seems to be a key developmental process, often invoked in cell differentiation models
(17, 37). However, it is not clear whether methylation is the primary signal for imprinting or just a
maintenance signal for patterns established by other mechanisms (27). Tagging of the mammalian
genome with transgenes can now be used to examine sex-dependent imprinting, since in appropria-
te crosses the transgene is inherited either from the mother or the father (36). In general, transge-
nes are less methylated when they are inherited from the father; as the transgene is passed from one
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generation to another, the methylation is reversed again and again, depending on the parental ori-
gin (33, 36, 39). In some cases, a correlation between methylation and gene expression is found: for
instance, in a transgenic mouse line containing a translocated c-myc gene, the transgene is hypo-
methylated and expressed in the myocardium when inherited from the father, but hypomethylated
and silent when inherited from the mother. However, methylation seems to be a necessary but not
sufficient factor in regulating expression, since the paternally-inherited transgene is equally under-
methylated in other tissues but is only expressed in the heart (39). Some authors suggest that the ro-
le of DNA methylation in mammalian imprinting might be only to «lock in» the process triggered
by other factors (22). At this point, it is interesting to recall that the imprinting systems described in
bacteria, albeit poorly understood at the physical level, all seem to comprise several steps, one of
which probably consists in DNA modification (7, 15, 31, 40). Thus many, if not all, imprinting sys-
tems used for modulating gene activity may require two or more serially operating mechanisms.
Hypothetical models for such mechanisms are extensively discussed in refs. 13, 18 and 40; some of
them are summarized in Figure 2.

Future prospects

The recent discovery of genomic imprinting in fission yeast, bacteria and phage suggests that
epigenectic DNA modification may be a widespread mode of gene regulation. Moreover the increa-

HOICE OF

COVALENT PROTEIN CHOICE O

MODIFICATION CHROMOSOMAL
BINDING ATTACHMENT SITE

Fig. 2.—Hypothetical mechanisms of imprinting, according to Thaler et al. (ref. 40). (1) Covalent modification of each chain of
a deuble helix leaves hemimodified daughter helices after semiconservative replication. The old, modified chain of each
danghter helix is then recognized by a maintenance enzyme that modifies the recently synthesized chain. (IF) Monomers of a
highly cooperative DNA-binding protein associate with the double helix. During replication, each daughter DNA molecule
receives about half of the protein units, Cooperativity will atract new protein units towards the half-coated helices. (II) Each
chromosome binds to a macromolecular complex (such.as the membrane-bound segregation apparatus proposed by F. Jacob
et al. for bacterial chromosomes: ref. 19). The macromolecular complex has alternate states that confer activity or inactivity to
the attached chromosome. Replicated chromosomes are provided with a new macromolecular complex, alike in conformatio-
nal state to the old one.
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sing number of reports on sex-dependent expression suggests that imprinting is extremely common
in sexually-reproducing organisms. These findings broaden the traditional image of imprinting:
DNA medification should not be longer viewed as uncommon or restricted to certain biological sys-
tems, but as a general regulatory mechanism, Thus we should not be surprised if new cases of im-
printing are discovered in the coming years. In the case of bacteria, where few genome organiza-
tions have been studied in detail, imprinting might regulate genes needed in a crucially low dosage,
such as the loci that regulate cell division or any other genes encoding potentially harmful products.
In polypiocid bacteria it might also adjust chromosomal dosage to physiological needs. On the other
hand, the study of imprinting in microbial systems can be expected to be simpler and more amena-
ble than in complex eukaryotic systems. Work on both higher organisms and microbes will undoub-
tely be of mutual benefit to unravel the regulatory networks based on epigenetic modification of
DNA. The solution to this problem may prove to be of general biological significance.
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Abreviatoras

DMEM: Medio de Eagle modificado por Dulbecco.
ECP:  Efecto citopitico.

EMC:  Virus de la encefalomiocarditis.

HSV-1: Hermes simplex tipo 1.

m.di:  Multiplicidad de infeccién.
PRS: Tampdén salino fosfato.
SFB: Suero de ternera fetal.

SFV: Virus del bosque de Semliki.
ufp.:  Unidades formadoras de placas.
V8V:  Virus de la estomatitis vesicular.

Summary

The infection of several cell lines of the immune system by animal viruses has been studied. In
general, those cell lines derived either from the myeloid or from the lymphoid differentiation path-
ways were poorly affected by these viruses. Only Semliki Forest Virus (SFV) and poliovirus were
able to replicate in most of the cell lines assayed, inhibiting the cellular protein synthesis. However,
this inhibition was not accompanied by a significant expression of viral proteins. These effects were
not observed with UV irradiated virus suggesting that intact viral particles were required to interfe-
re with the host macromolecular synthesis.

Key words: Virus, immune system, susceptibility.

Resumen

Se ha estudiado la infeccién de diferentes lineas celulares, derivadas del sisterna inmune, por
virus animales. En general, las lineas celulares, procedentes tanto de la serie de diferenciacién mie-
loide como de la linfoide, fueron poco susceptibles a los diferentes virus ensayados. S6lo el virus del
bosque de Semliki (SFV) y poliovirus fueron capaces de replicarse de forma significativa, inhibien-
do la sintesis de protefnas totales y produciendo la muerte celular a tiempos tardios en la mayoria
de las lineas celulares analizadas. Sin embargo, esta inhibicién no fue acompafiada de una sintesis
acusada de protefnas virales. Estos efectos no fueron observados con virus irradiados con luz UV, lo
que indica que se necesitan particulas virales intactas para que se preduzca una interferencia con el
metabolismo celular.

Introduccion

Puesto que tanto los linfocitos B y T como las células fagociticas mononucleares representan
factores claves en la limitacién de la expansién de las infecciones por virus, resufta de interés estu-
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diar las interacciones (directas o indirectas) que los virus mantienen con tales células inmunocom-
petentes. Tales estudios han revelado que, segiin los casos, la infeccién viral «in vivo» puede condu-
¢ir a una inmunopotenciacién o inmunosupresién (22).

El estudio de la infeccién de células inmunocompetentes presenta al menos un doble interés:
por un lado, se puede realizar un estudio de la infeccién de estas células per se, observando, por
ejemplo, cdmo en uncs casos se puede producir la transformacién celular, como es el caso del virus
Epstein-Barr (19}, mientras que otras veces la infeccién viral puede ser productiva, conduciendo a la
produccién de particulas virales y la destruccién celular o de tipo abortivo (22). Por otra parte, es ob-
vio que cialquier infeccién que altere la funcionalidad de las células del sistema inmune lleva apa-
rejada una alteracion en la reactividad y defensa frente a otros agentes patégenos no relacionados
con el virus que ha provocado tal estado. Un ejemplo de palpitante actualidad es la infeccion por ¢l
retrovirus HIV-1 de células que expresan en su membrana el antigeno CD4, que produce una inca-
pacidad para responder a antigenos, dando lugar al cuadro clinico denominade sindrome de inmu-
nodeficiencia adquirida o SIDA (27).

Nosotros hemos realizado un estudio sobre la infeccién de diferentes lineas derivadas del siste-
ma inmune por diversos virus animales, observando que la susceptibilidad en este tipo de células es-
t4, en general, muy modificada con respecto a otras lineas celulares no inmunocompetentes (4, 5, 13, 15, 16).

Materiales y métodos
Células y virus

Las células se crecieron en medio de Eagle modificado por Dulbecco (DMEM) suplementado
con 10 % de suero de ternera fetal (SFB). Los experimentos se llevaron a cabo en medio DME con-
teniendo 1 % de suero de ternera fetal. Los virus de la polio tipo I {(cepa Mahoney) y de la vacuna
fueron crecidos en cultivos de células Hel.a en medio DME con 1 % de suero de ternera recién na-
cida; el virus de la encefalomiocarditis (EMC) se crecid en células 1929 de raton; el virus de la esto-
matitis vesicular (VSV) se creci6 en céluls BHK-21 (¢élulas de rifién de hamster de un dfa de vida);
herpes simplex tipo 1 {HSV-1) se crecid en células vero de mono verde africano.

Estimacion de la destruccion celular

El estudio de la destruccion celular se realizé observando mediante microscopia dptica el efec-
to citopédtico (ECP) producido en las células infectadas, observando la morfologfa y el aumento de
restos celulares en el medio con respecto a un control de células sin infectar. El contaje se efectué
mezclando un volumen determinado del medio con las células a analizar con otre volumen igual de
una solucién de azul-tripdn (colorante ani6nico que penetra sélo en las células muertas) en PBS. La
estimacion del nimero de células vivas se determiné mediante un hematocitémetro, utilizindose
una cdmara de contaje Neubauer. La evaluacién de este ECP se indicd segtin los siguientes simbolos:

+ 20-25% de destruccién con respecto al control.
++ 2560 % de destruccion.
+++  >60%.

Valoracion de las particulas virales infectivas producidas mediante el método de la placa de lisis

La determinacién del nimero de unidades formadoras de placa (u.f.p.) por este método se lle-
vé a cabo segin lo descrito por Dulbecco y Vogt en 1954 (6). Brevemente se hicieron diluciones se-
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riadas de las muestras a titular en PBS total, infectando a continuacién monocapas confluentes de
células susceptibles al virus en cuestién en medio conteniendo agar. Se incubd durante 48 h, contan-
dose seguidamente las placas de lisis producidas y multiplicando por los factores de dilucién ade-
cuados para obtener el niimero de u.f.p./ml de la preparacién viral.

Marcaje de proteinas y andlisis por electroforesis en geles de polincrilamida

El marcaje «in vivo» de las protefnas sintetizadas se efectud dando pulsos de 1 hora con 10 pCi
de (*S)-metionina (1.450 Ci/mmol: Amersham} en culitivos celulares con medic DME sin metioni-
na. Transcurrido el tiempo de marcaje se retir6 el medio, se lavaron dos veces las células con PBS y
se suspendieron en 100 pl de 0,02 M NaOH/1 % dodecil sulfato sédico (SDS) y 200 pl de tampén de
muestra (62,5 Tris pH 6,822% SDS$/0,1 M ditiotreitol/17 % glicerol/0,024 % azul de bromofenol).
Se aplicaron volimenes de 10 pl en geles de poliacrilamida 15 % v se liev$ a cabo la electroforesis a
100 v durante toda la noche.

Inactivacion de particulas virales por radiacién ultravioleta

Se preparé una solucién viral de 1 m! en una placa Petri de 35 6 60 mm y se colocé a una dis-
tancia de 3 cm por debajo de una limpara UV de General Eléctrica G8T3, que emite a 260 nm. Du-
rante el tiempo de exposicién, que fue de 3 minutos, se colocd la placa sobre un recipiente con hielo
para evitar el aumento de temperatura debido a la radiacién.

Valoracion de la sintesis de DNA

La sintesis de DNA se analizé midiendo la incorporacién de (*H)-timidina. Para ello las células
se incubaron con 5 pCi/ml de (*H)-timidina en medio DME con SFB al 2 %. La incorporacién se
realizé en placas multipocillos. Transcurrido el tiempo de incorporacidn, las células fueron recolec-
tadas con multifiltrador «Cell Harvester», de Titertek, que succiond los medios de cultivo de cada
pocillo con flujos de agua destilada, llevandolos hasta un filtro de fibra de vidrio. Los filtros fueron
secados y sumergidos en liquido de centelleo, realizdndose el contaje de la radiactividad incorporada.

Resultados
Viabilidad celular tras la infeccidn

En el presente estudio se utilizaron las siguientes ifneas celulares humanas: K-562 (eritroleucé-
mica), U-937 (monocitica), HL-60 (promielocitica), Daudi (linfoblasteide), Molt-4 (linfocitos T) y
RPMI-1788 (linfocitos B). Estas lineas celulares fueron infectadas por virus que posefan como ma-
terial genético RNA (polio, EMC, VSV y SFV) 0 DNA (HSV-1 y virus de la vacuna). En la Tabla 1
se muestra la sensibilidad celular a la infeccidn viral medida por la induccién del efecto citopdtico
observado mediante microscopia éptica. Este ECP fue diffcil de valorar al tratarse de células que
crecen en suspension, siendo normalmente uno de los datos considerados al estimar dicho ECP pre-
cisamente la liberacién y pérdida de adherencia al pldstico de 1a monocapa celular infectada. A pe-
sar de ello, y considerando el aumento de restos celulares en el medio de cultivo, o la vacuolizacidn
de las células, se observé que, en general, las lineas celulares ensayadas fueron poco sensibles a los
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TABLA 1
SUSCEPTIBILIDAD DE DIFERENTES LINEAS CELULARES INMUNOCOMPETENTES
A VIRUS ANIMALES

Efecto citopético (ECP)”
Virus m.d.i,
K-562 Daudi U937 HL-60 RPMI Molt-4
1788
Polio 0,5 - + + - -— -
10 - ++ ++ -— + ——
EMC 0,5 - - - —= ne. n.e.
10 - -— —— + ne. n.e.
VsV 0,5 - + - R n.e. n.e.
10 - + - - ne. n.e.
SFV 0,5 - - + - + ne.
10 + - +++ - ++ n.e.
Vacuna 05 - + - + ne. n.e.
10 - ++ + ++ ne. n.e.
HSV-1 05 - - - - + -
10 - - - - ++ -

* A las 48 horas p.i. se determind el efecto citopatico producide mediante microscopia Gptica segiin se indica
en materiales vy métodos. Los valores indican la media de 4 experimentos. '
n.e. No ensayado.

diferentes virus 48 horas después de la infeccion. S6lo SFV produjo ECP vy muerte celular en la ma-
yoria de Ias lineas celulares ensayadas a una multiplicidad de infeccidén (m.d.i.), incluso de 0,5
u.f.p./célula, Poliovirus indujo ECP en varias de las lineas celulares empleadas. Por otra parte, la li-
nea K-562 apenas mostré sensibilidad a la infeccidn, siendo sélo sensible a altas m.d.i. de SFV. En
cualquier caso, se observé cierta especificidad de infeccién, mostrando cada linea celular un perfil
de susceptibilidad diferente a las demas.

Sintesis de proteinas

Siguiendo con €l presente estudio, analizamos la sintesis proteica producida tras la infeccidn,
determinando la incorporacién de (**S)-metionina a protefnas precipitables con 4cido tricloroacéti-
co. En la Tabla 2 se puede observar nuevamente cémo SFV produce el mayor efecto, inhibiendo a
las 24 horas p.1. la sintesis de proteinas totales en la mayoria de las lineas celulares y presentando un
efecto dosis dependiente, UJ-937 vio inhibida su sintesis de proteinas tras la infeccién con poliovirus
o SFV ya a m.d.i. de 0,5 u.f.p/célula. El resto de las lineas celulares no modificaron significativamen-
te la incorporacién de (*$)-metionina, incluso en la linea celular Molt-4 ésta aumenta de forma
acusada tras la infeccion. )

El andlisis de las proteinas sintetizadas mediante electroforesis en geles de poliacrilamida en
condiciones desnaturalizantes (SDS-PAGE) se observa en Ia Figura 1. Ceando se compara con la in-
feccidn de la linea epitelial humana HeLa a una m.d.i. de 10 n.f.p./célula se puede observar en las li-
neas celulares del sistema inmune una inhibicién menos drastica de la sintesis de proteinas totales a
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TABLA 2

EFECTO DE LA INFECCION VIRAL EN LA SINTESIS DE PROTEINAS DE DIFERENTES LINEAS
CELULARES INMUNOCOMPETENTES

(358) metionina incerporada (% control)

Virus m.d.i.
RPMI
K-562 13-937 HL-60 1788 Molt-4
Polio 0.5 100 39 100 100 187
10 100 47 80 84 231
EMC 0,5 100 100 100 ne. n.e.
10 82 100 83 ne. n.e.
V8V 0.5 100 93 100 n.e. n.e.
10 98 a8 72 n.e. n.e.
SFv 0,5 78 67 100 100 n.e.
10 36 16 89 32 n.e.
Vacuna 0.5 100 100 100 n.e. n.e.
10 100 131 &9 n.e. n.e.
HSV-1 0,5 100 100 100 56 139
10 100 95 83 20 249

* A las 24 horas p.i. se midié la incorporacion de (38) metionina mediante pulso de una hora segin se detalla
en materiales y métodos. Los valores indican los porcentajes medios de 4 experimentos.
n.¢. No ensayado.

las 24 horas p.i. Ademds, en células HeLa se pudo detectar sintesis de proteinas virales a partir de
la hora 5 p.d. Las células K-562 son capaces de sintetizar, tras la infeccién con SFV, algunas de las
proteinas virales mayoritarias, sin que apenas se inhiba la sintesis de las proteinas celulares. Asimis-
mge, la linea RPMI-1788 resultd ser susceptible a H8V-1, sintetizindose algunas de ias proteinas vi-
rales. No obstante, en ningtin caso se observé, incluso a tiempos muy tardios (hasta 72 horas p.i.),
una aparicién de proteinas virales comparable a la que tiene lugar en HeLa, La linea U-937 sufrid
una parada de la sintesis de proteinas celulares al infectarse con SFV o poliovirus, mientras que
Molt-4 incremento la sintesis de proteinas ceiulares tras la infeccién sin que estos hechos llevasen
consigo sintesis de proteinas virales. En el resto de los casos la infecién no produjo ningiin efecto
notable, poniéndose de manifiesto la resistencia a la infeccién por virus de las lineas celulares inmu-
nocompetentes empleadas.

Efecto de virus inactivado en la viabilidad celular

Para comprobar si los efectos observados en algunas de las lineas celulares analizadas reque-
rian virus con capacidad replicativa, se infectaron las células con particulas virales irradiadas con
luz UV. Los resultados se muestran en la Tabla 3, En la mayoria de los casos, la infeccién con parti-
culas virales infectivas no modificé bruscamente la incorporacién de (*H) timidina a DNA. En
el caso de SFV, la infeccidn produje un aumento considerable en la sintesis de DNA total. En otros
casos el virus inhibié dicha sintesis, pero aquf la inhibicién no excedié del 50 % con respecto a célu-
las sin infectar.
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Fig. 1.—Efecto de la infeccidn viral en la sintesis de proteinas de diferentes lineas celulares inmunocompetentes. Lag lineas ce-

lulares se infectaron con los virus indicados 2 10 m.d.i. A [as 6 b p.i. (para ¢élulas HeLa infectadas con poliovitus o SFV),

16 h p.i. (en el caso de células Hela infectadas con HSV-1) 0 24 h p.i. (para el resto de lineas celulares) se marcaron Jas protei-

nas con 20 pCi/ml de (**S) metionina durante 1 h y se analizaron en SDS-PAGE. Se indican las posiciones y Pm de algunas
proteinas virales y de actina,

En cualquier caso, todos estos efectos anteriormente sefalados desaparecian cuando se utiliza-
ban particulas virales irradiadas con luz UV. Este hecho puede sugerir gue la modificacién de la sin-
tesis de macromoléculas celulares producidas por el virus podria ser un fenémeno activo con reque-

rimiento de replicacién viral, ¥y no sélo un efecto producide por la entrada v descapsidacién del
virus per se.

Produccién de particulas virales infectivas

Por itimo, una vez estudiado el efecto en la sintesis de macromoléculas celnlares producido
por los diferentes virns utilizados, analizamos si a pesar de los pocos efectos observados existia pro-
duccidén de particulas virales infectivas. Para ello se infectaron las células con una m.d.i. de 10
u.f.p./célula, ensaydndose la produccion viral a diferentes tiempos p.i.

Como muestra la Tabla 4, en todos los casos analizados la produccién viral fue muy escasa
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TABLA 3
SUSCEPTIBILIDAD DE DIFERENTES LINEAS CELULARES A VIRUS IRRADIADO

(°*H) timidina incorporada (% control)®

Virus m.d.i. Virus sin irradiar Virus irradiado UV®
1J-037 K-562 Daudi U-937 K-562 Daudi
Polio 0,3 88° 100 98 93 100 100
10 41 89 83 96 115 100
EMC 05 93 100 99 100 112 n.e.
10 88 71 87 103 100 102
VSV 0,5 73 100 100 102 99 n.e.
10 94 107 109 100 106 100
SEFV 3 137 130 78 107 100 n.e.
10 102 128 67 108 93 88
Vacuna 05 109 100 89 99 S0 ne.
10 100 74 82 103 o4 107
HSV-1 05 92 95 100 98 100 n.e.
10 91 119 87 100 101 92

® A las 48 h p.i. se midié la incorporacion de (*H)-timidina durante 4 h. Los valores indicados representan la
media de 4 experimentos.

® Los virus fueron irradiados durante 3 minutos con una l4mpara UV a una longitud de onda de 260 nm.
n.e. No ensayado.

cuando se comparé con la linea epitelial HeLa. A pesar de ello, en el caso de la infeccién de células
U-937 por poliovirus, HSV o SFV se observé una produccion significativa de particulas infectivas.
Asimismo, poliovirus y SFV fueron capaces de replicarse en la linea entrolencémica K-562, a pesar
de que el primero no inducfa aparicién de ECP ni modificaba la sintesis de proteinas totales (Tablas
1y2, respectivamentc).

Discusion

El presente estudio muestra la escasa susceptibilidad que las células de origen hematopoyético
presentan a la infeccion por diversos virus animales, sobre todo cuando la comparamos con los re-
sultados obtenidos en lineas celulares no inmunocompetentes, independientemente del tipo de vi-
rus empleado. Este hecho parece I6gico si se tiene en cuenta el importante papel que desempefian
las células del sistema inmune en el organismo. Los linfocitos T, B y las ¢élulas del sistema mononu-
clear fagocitico representan papeles claves en el control de las infecciones virales, La infeccidn de
diferentes subpoblaciones celulares del sistema inmune por virus produce una alteracién no sélo de
la reactividad contra el mismo virus, sino que lleva aparejada una aiteracién de fa respuesta inmune
contra otros antigenos (10, 18, 22).

Aunque hoy dia se dispone de mucha informacién sobre la respuesta inmune frente a las infec-
ciones virales, es mucho menos lo que se conoce sobre los efectos que las infecciones virales tienen
en las funciones del sistema inmune, debido principalmente a que los sintomas detectados «in vivo»
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TABLA 4
PRODUCCION DE PARTICULAS INFECTIVAS TRAS LA INFECCION DE DIFERENTES LINEAS
CELULARES CON VIRUS ANIMALES

Particulas infectivas producidas (UFP/ml)®

Virus Tiempo (h.pi.)
HeLa® U937 K-562

Polio 14 n.e. 50x%10° n.e.

20 2,0x10° 1,2 x 107 3.0x%10°

44 n.e. 30x 107 8.9 x 10°
HSV-1 20 8.0x 107 56%10° < 1¢*

44 7,0x10° 32x10° < 1¢*
EMC 20 5.5 107 <10* <10
Vacuna 20 1,5% 10 <10* <10*
SFV 20 6,5 x 108 34%x10° 1,0x 107

? Las células se infectaron a una m.d.i. de 10 u.f.p.fcélula,

® A los tiempos indicados se analiz6 la produccién de particulas virales mediante el ensayo de las placas de li-
sis, seglin se detalla en materiales y méiodos.
n.e. No ensayado.

raramente han sido relacionados con una infeccién de células inmunocompetentes. Es sorprendente
que este drea haya recibido tan poca atencidn, sobre todo cuando se sabe desde hace tiempo que un
gran nimero de virus son capaces de replicarse en células del sistema linforreticular (11, 21, 22, 24).

Por todo esto se ha hecho necesario un acercamiento al problema «in vitro», utilizando cultivos
de células derivadas del sistema inmune. Nosotros hemos realizado un estudio utilizando como sis-
tema lineas celulares establecidas, no poblaciones celulares extraidas directamente del animal, que
presentan el problema de la falta de homogeneidad.

A pesar de la escasa susceptibilidad que en general muestran las lineas celulares derivadas del
sistema inmune a la infeccidén por virus, se ha demostrado que en algunos casos el virus puede repli-
carse y acabar destruyendo las células (2, 7, 8, 23). Algunos virus lo hacen tan rdpidamente que la
aparicion de la inmunidad celular o humoral llega a ser inefectiva para eliminar el desarrollo del vi-
rus. El hecho de que los macrofagos sean capaces de eliminar particulas virales por fagocitosis y de
que las células citotéxicas naturales (NK) destruyan células infectadas con virus produce un meca-
nismo accesorio para prevenir la expansién del virus a nuevas dianas (3, 12, 17).

Esta menor susceptibilidad, que en general muestran las lineas celulares derivadas del sistema
inmune, puede no ser indicativa de la resistencia de un cierto tipo celular a la infeccién por un de-
terminado virus. Obviamente, varias causas pueden contribuir a este fenémeno, entre ellas la no
existencia de receptores virales o la falta de adaptacion de estos virus a las lineas celulares estudia-
das. Aunque no podemos descartar ninguna de ellas, no creemos gue sean las responsables de lo
observado en nuestro caso. Asi, los virus estudiados producen ciertos efectes apreciables en las cé-
lulas, pudiendo incluso haber una pequefia producci6n de particulas infectivas virales (Tabla 4). Es
tos efectos, en general, desaparecen cuando se utilizan virus irradiados con luz UV, indicando que
se requiere un genoma viral intacto y posiblemente su replicacion para que tengan lugar.

Por otra parte, la produccién de partfculas virales y su adaptacién a cultivos celulares mediante
sucesivos pases no incrementaron su infectividad (resultados no mostrados).
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Los estudios de la susceptibilidad celular a la infeccién por virus se han realizado por varios
métodos: ECP, incorporacién de (*H)-timidina y de (**S)-metionina,

En algunos casos hemos observado una falta de correlacién entre los valores obtenidos por es-
tos métodos.

Varias pueden ser las causas de este hecho: en primer lugar, la asignacién de un valor que indi-
que estado general celular, tras una infeccién viral en células que crecen en suspension, es dificultosa.
Por otra parte, el cambio morfolégico, observado al microscopio, que sufren las células después de
la infeccién no tiene por qué deberse a un deterioro celular, Asimismo, la incorporacion de (*H)-ti-
midina a DNA total tras Ia infeccién viral puede verse afectada de varias maneras. De hecho, se co-
nocen ciertos tipos de virus que sélo se replican en leucocitos activados. Ademds, ciertos tipos de
virus, como es el caso de HSV-1, inducen la divisién celular para poder replicarse (9, 22). Por lo tan-
to, la diferencia entre efectos citopaticos parciales e incorporacién de timidina podria explicarse por
un incremento en Ia divisién celular durante la infeccidn.

Puesto que el presente estudio se ha realizado con células transformadas, cabe preguntarse si
los resultados obtenidos son extrapolables a sistemas celulares primarios. En este sentido, Sarmien-
to (25), estudiando la infecci6n de macréfagos y fibroblastos de ratones por HSV, sugirié que los
mecanismos de resistencia de lineas celulares establecidas pueden estar alterados y no ser represen-
tativos detl tejido original o aislados celulares primarios. Nosotros hemos realizado estudios compa-
rativos con la linea celular monocitica U-937 y cultivos celulares primarios infectados con poliovirus
y HSV, obteniendo, en todos los casos, resultados similares, con inhibicién parcial de la sintesis de
proteinas celulares y falta de deteccién de sintesis de macromolécnlas virales (15, 16).

Actualmente se tiende a relacionar el grado de diferenciacion celular con la susceptibilidad a la
infeccién por virus. En este sentido, Okada y col. (21) observaron, estudiando la infeccién de un
gran niimero de lineas celulares inmunocompetentes por poliovirus, que las lineas mas diferencia-
das eran a su vez las més susceptibles a la infeccién. En este mismo sentido, Tenney y Mornhan
{(26), o més recientemente Albers y col. (1), comprobaron que cultivos de monocitos humanos veian
aumentada su susceptibilidad a HSV-1 tras la diferenciacién a macréfagos. Sin embargo, reciente-
mente, y en nuevos trabajos de Morahan y col. (20) con macréfagos de ratén, no se pudo realizar la
misma observacidn. Los estudios realizados en nuestro laboratorio sobre el efecto de la diferencia-
cién de células monociticas humanas a macréfagos en la infeccion por poliovirus 0 HSV-1 (13, 14, 15),
no revelaron diferencias significativas en cuanto al grado de susceptibilidad al virus, tanto durante co-
mo tras la diferenciacién celular. Por lo tanto, se hace necesario ¢l planteamiento de nuevos enfo-
ques que permitan clarificar el tipo de interaccién que presentan las células inmunocompetentes
con los virus animales, puesto que en ello se encuentra la clave para comprender los mecanismos de
defensa del organismeo frente a las infecciones de agentes patdgenos.

Por iltimo, se puede resumir que aunque ciertos virus interfieren de forma activa con la sinte-
sis de macromoléculas de lneas celulares derivadas del sistema inmune, este efecto no es muy acu-
sado, permitiendo a la célula sobrevivir durante largos perfodos de tiempo o acabar constituyéndo-
se¢ en una infeccién de tipo persistente,
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Summal;y

During a three years survey, a total of 149 samples from 20 farms of rainbow trout, salmon and
turbot were examined for the presence of virus with the purpose to study the viral infections affec-
ting cultured fish and their incidence in the fishfarms of Northwestern Spain.

Infectious pancreatic necrosis virus (IPNV) was the only viral agent isolated from salmonid
fish. Fry and fingerlings of trout showed the highest infection rate (24 %). This virus was not detec-
ted in broodstock or embrionated eggs, although it was isolated from ovaric and seminal fluids and
from juvenile carriers. From 24 samples of salmon analyzed, IPNV was only detected in one sample
of juveniles. Examination of turbot led the isolation of a new virus belonging to the reoviridae fa-
mily, which affected to the ongrowing population. All of the IPNV tested belonged to serotype Sp
regardless of the origin of the trout stocks.

During the monitorization of imported embrionated eggs, no virus was detected from any of
the samples. However, in some case, IPNV was isolated when testing the fry obtained in our labora-
tory from those samples of imported eggs. Our findings indicate that: i} the analysis of fingerlings
increase the probability to detect viral infections allowing us an optimal control of importations,
and ii) most of the viral infections of fish take place in the own fish farms. The detection of mixed
viral and bacterial infections emphasize the importance of carriyng out an integral microbiological
analysis to determine the causal agent(s) of fish mortalities.

Key words: Fish viruses, IPNV, trout, saimon, turbot,

Resumen

Con el fin de determinar el tipo e incidencia de infecciones virales en Galicia durante un perio-
do de 3 afios, se examinaron 149 muestras correspondientes a 20 piscifactorias de trucha, salmon y
rodaballo.

En peces salménidos hemos detectado exclusivamente el virus de la necrosis pancredtica infec-
cicsa (IPNV), siendo los alevines de trucha los que presentaron una mayor fasa de infeccidén
(24 %). Aunque este virus fue también aislado en juveniles y muestras de fluido seminal y ovérico,
no se detectd en visceras de reproductores ni en muestras de huevos embrionados. De un total de 24
muestras de salmén analizadas, el virus IPNV fue aislado solamente en una muestra de juveniles. El
analisis viroldgico de rodaballo permitié aislar un nuevo Reovirus, que afectd a poblaciones de pe-
ces de mds de 250 g. Independientemente del origen geogréfico de los peces, todos los IPNV estu-
diados pertenecen al serotipo Sp. Durante el estudio de las importaciones de huevos embrionados
no se detectd virus directamente ¢n los huevos; sin embargo, se aislo IPNV de una muestra de alevi-

{*} Corresponding author.
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nes nacidos en el laboratorio a partir de una submuestra de dichos huevos. Los resultados sugieren
que: i) el andlisis de los alevines incrementa la probabilidad de detectar virus, permitiende un opti-
mo control de las importaciones, y ii) la mayoria de las infecciones virales de peces tienen lugar en
las propias piscifactorfas.

La deteccién de infecciones mixtas de virus y bacterias en los peces examinados apoya la nece-
sidad de realizar un andlisis microbiolégico integral con el fin de determinar el (los) agente(s) cau-
sales de las mortalidades.

Introduction

The development of aguaculture in the last decades has increased the microbiological pro-
blems related to fish cultures. This fact has determined an improvement in the investigation in fish
pathology and the publication of a great number of papers about this subjetc (2, 33).

Among the micrebiolegical infections affecting farmed fish the viral diseases cause the most
impertant problems due to the lack of effective treatments and the persistence of viruses in asymp-
tomatic carriers. The studies in this field have currently been focused on: i} the knowledge of the vi-
ruses affecting to a specific geografic area and the fish species susceptible to these viral agents, and
ii) the incidence of that viral infections have in cultured fish in each area.

To date, the viruses discovered in teleost fishes are members of 12 established families, being
the most relevant birnaviridae, herpesviridae, rhabdoviridae and more recently, reoviridae.

Within the birnaviridae family, the IPNV (infectious pancreatic necrosis virus) and other IPN-
like viruses represent a very important group due to their high pathogenicity as well as their wide
host range and geografic distribution (2, 8, 32).

The channel catfish virus (CCV) (11), Herpervitus salmonis (HS) (29), Herpesvirus scophthal-
i (6) and Pacific salmon herpesviruses such as OMV (16) and NevTa (26) are relevant members of
the herpesviridae family. Whereas most of them have been extensively studied and characterized
because their importance in cultures of catpish and salmonids. Herpesvirus scophthalmi has only
been detected by electron microscopy in one occasion (6). Therefore the real implication of this vi-
rus in the turbot culture is net known,

Erythrocytic necresis virus (ENV), is one of the most studied iridovirus (10, 23). This virus af-
fects mainly to seawater fish species and at a lower extend to freshwater fishes. However, until pre-
sent EN'V has not been isolated in cell culture.

Among rhabdoviruses, the infections haematopeietic necrosis virus (IHNV) and the viral hae-
morrhagic septicaemia virus (VHSV) produce the most important economic losses in the culture of
salmonids throughout the world (2, 32). While the IHNV affects mainly to young salmonids and it is
considered endemic of the Pacific coast of the United States, the VHS has been only detected in
Europe causing mortalities in older fishes (2, 32).

The reoviridae family has acquired importance in aquaculture because from 1979 ar least ele-
ven reo-like viruses were detected among fresh and sea water fishes as well as in molluscs and crus-
tacea (20, 24, 27). The implication of al these reo-like viruses in aguaculture as well as their taxono-
mic position within the family is still not clear.

The occurrence of vertical transmission in some viruses has produced their spreading caused
mainly by the uncontrolled importations of embrionated eggs and asymptomatic carrier fishes. In
fact, the IPN virus has been recently detected in China (35), probably due to an importation of rain-
bow trout from the United States.

The transmission of IPNV and IHNV from eggs and sex products has been clearly supported
by several authors (21, 30). However, until now, the vertical transmission of other viruses like CCV
and VHS has not been demenstrated, although there are some evidences of its existence. Therefo-
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re, the diagnostic of viruses in embrionated eggs and sex products allows the detection of important
viral diseases without destroying the broodstock.

The purpose of this work was to determine the viral infections affecting to cultured fish species
and their incidence in the fish farms of cur area. In order to investigate the origin of these diseases
a study of the virological quality of imported embrionated eggs was also conducted.

Materials and methods
Cell culture and media

The CHSE-214 (chinook salmon embryo) and EPC (epithelioma papullosum cyprini) cell lines
were used for the primary isotation of viruses. These fish cell lines were cultured as monolayers
using minimal essential medium (MEM) with Earle's salts supplemented with 10 % of newborn calf
serum (NBS) and containing 100 IU/ml of penicillin and 100 pg/ml of streptomycin.

CHSE-214 cultures were grown at 15° C and EPC at 25° C. Both cell lines were maintained at
15° C when monolayers were confluent.

Virus isolation

Fish, sex products and embrionated eggs of different fish farms from the Northwest of Spain
were examined for the presence of viruses. Samples were taken regularly as well as during epizoo-
tics Kidney, liver and spleen were removed from juveline and adult fishes, and in the case of bree-
ders, sperm and eggs were aiso tested. When analyzing fry or fingerlings, the whole fish was sam-
pled. The samples were homogenized in Hanks balanced salt solution (HBSS). The number of the
fish per sample was determined according to the Ossiander and Wedemeyer tables (22). Assuming
a minimal infection rate of 5% and a confidence limit of 95 %, each sample was composed by 60
fish. The samples were divided into six pools which were analyzed separately. The homogenate was
difuted 1:10 in HBSS and centrifugated at 2000 x g for 15 min. The supernatant was collected and
the microbial contamination was eliminated by treatment with antibiotics (penicillin, 800 Ul/ml,
streptomycin, 800 pgr/ml) for 1-3 hours,

The samples were inoculated onto monolayers of CHSE and EPC cells grown in 24 well plates.
For each sample four wells were incculated with 0.1 ml aliquots. One row on each plate served as
control receiving only maintenance medium. The plates were incubated at 15° C. If no cythopatic
effect (CPE) was observed within 7-14 days, fluids were removed from the wells and used to inocu-
late fresh monolayers (blind passage). When no CPE was detected after ten days after the blind
passage, the samples were considered negative for virus. Samples were only considered positives for
virus presence when CPE was observed in two consecutive passages.

Virus titration

The titratiens of the viruses were carried out in 96 well microculture plates. After seeding the
plates with approximately 5 x 10° cells per well, 0.1 ml amounts of serial 10-fold virus dilutions were
added, eigth weils being used per dilution. Assays of the different isolates were incubated for 14-20
days at 15° C. Cultures were examined periodically for cythopatic effect and the results were ex-
pressed as the number of tissue culture infectious dose (TCIDg) per m! according to the Reed and
Miiench method (25).
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Physicochemical characterization of the viral isolates

iy Chloroform sensitivity assay.

This test was performed following basically the procedure of Jergensen (13). Briefly, virus sus-
pensions treated with chloroform were titrated along with untreated control suspensions. Losses of
infectivity greater than 1 log,, indicated susceptibility to the treatment. IPNV (non-enveloped bir-
navirus) and IHNV (enveloped rhabdovirus) served as negative and positive controls respectively.

ii} Acridine orange stain

To elucidate the nature of the genome of our viral isolates, inoculated CHSE-214 cells were
stained with the acridine orange stain performed according to Kuchler procedures (15). IPNV and
NeVTA (RNA and DNA viruses respectively) as well as non-inoculated CHSE-214 cells were used
as controls.

iii)y Serological characterizartion

Neutralization test with our viral isolates were performed using specific rabbit antisera against
IPNV serotypes Sp, Ab and Vr-299. Stocl preparations of the isolates were dilutéd to contain about
10°-10° TCIDsy/mt and mixed with sera dilutions (1/20,000 for Vr-299 and 1/500,000 for Sp and Ab),
according with their previously determined titer. Mixtures were incubated at room temperature du-
ring one hour and then inoculated onto confluent CHSE-214 monolayers. A group of 6 wells was
used per mixtures and an inoculum of 0.1 ml per well. Control cultures were inoculated with IPNV
serotypes Sp, Ab and Vr-299 and THNV treated with the three antisera and normal rabbit serum.
Untreated viruses were also inoculated as control of viral infectivity.

iv) Electron microscopy

Morphological studies of the viral isolates were carried out by electron microscopy using nega-
tive staining (8). Viral samples were concentrated by centrifugation at 100,000 x g for 2 hours at
4° C and the pellet resuspended in a minimun volume of PBS. A small drop of the concentrate was-
placed onto a carbon coated grid and after 3-5 minutes, the excess was rinsed off and the grid and
covered with 2 % phosphotungstic acid for 40 sec. Negatively stained virions were the viewed with a
JEOL CX electron microscope.

Virological studies of eggs importations

With the aim to determine if importations of eggs introduce viral infections in our fishfarms,
samples of embrionated eggs imported from different geografic areas, were collected at their arrival
at the custom. These samples were divided in two pools. One of them was processed immediately
for virological analysis and the other one was maintained to hatch in a laboratory aquarium with vi-
rus free spring water maintained at 15+ 1° C. During this period, samples were periodically obser-
ved to eliminate dead eggs. Fry born from these eggs were examined for virus after 30 days post
hatching, Simultaneously, fry from the same stocks of eggs were sampled from the fish farms and
analyzed with comparative purposes. During the incubation, the temperature of the water was mea-
sured daily. The age of the fish was expressed as X/day (sum of the temperature of each day).
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Results

During the period 1986-1988, 2 total of 149 samples from 20 fishfarms of rainbow trout, salmon
and turbot were examined for the presence of virus using two different cell lines, CHSE-214 and
EPC, which allow the detection of a wide range of fish viruses. In the present work infectious pan-
creatic necrosis virus (IPNV) was the only viral agent isolated from salmonid fishes. Virological
examination in farms of turbot led the isolation of a new virus, which was identified as a member of
the reoviridae family (Table 1).

With respect to the samples of trout (Table 2), the highest percentage of viral isolations was ob-
tained from fry and fingerlings which showed an infection rate of 24 %, while only 4 of 23 samples
of yearlings were infected. From sex products, only three samples yielded IPNV. Virus was not de-
tected in broodstock or in the embrionated eggs examined, but a short number of these samples we-
re available for investigation.

Among the samples of salmon analyzed, IPNV was only isolated once from a sample of juveni-
Ies but no virus was isolated from the remaining sample types.

Table 3 shows the annual distribution of positive IPN isclates among the farms of trout analy-
zed. In the majority of them, IPNV was isolated occasionally in the samples analyzed but, interes-
tingly, we have isolated this virus from two farms (n.°> V and VI) in the two consecutive years with a
high infection rate (44 % and 32 %, respectively).

All the virus isolated from salmonids were identified as IPNV according to their resistance to
chloroform treatment and seronentralization test with a polivalent antiserum of IPNV, Furthermo-
re, some of these viral strains were serotyped by neutralization test using specific antisera against
the three classic serotypes of IPNV (Vr-299, Sp and Ab). The results revealed that all the isolates
serotyped belong to serotype Sp regardless of the crigin of the fish stocks.

From a total of 38 samples of turbot studied (Table 2), a reovirus was detected twice from the
ongrowing population (average weight 250 grams) of different fishfarms. These viral isolates produ-
ced a slow CPE in CHSE cell line, typified by formation of plaque inrolving syncitia containing 5 to
10 nuclei and surrounded by a clear area. When the CPE became extensive, large syncitia of 25 or
more detected in different samples of turbot three putative viral agents which are actually being in-
vestigated.

The results obtained from the virological study of 7 egg mmportations (Table 4) revealed that
although no virus were detected in embrionated eggs, IPNV was isolated in one sample of 30 days
old fry which were born in the laboratory from eggs imported from USA., In addition, the fry reared
from these importations in the fishfarms were also tested after 30 days, and three of them were in-
fected with IPN virus.

The simultaneous analysis for viruses and bacteria in 24 samples, revealed the presence of a
25 % of mixed infections, being Yersinia, Aeromonas and Renibacterium the bacterial genera more
frequently detected.

TABLE 1
ISOLATION OF VIRUSES DURING A THREE
YEAR PERIOD {1936-1988)

Speci No of farms No of samples No of positive Virus
pecie . :
examined analyzed samples isolated
Trout 12 87 18 {206 %)" IPNV
Salmon 2 24 1(4.1%) IPNV
Turbot 6 38 2{5.2%) Reovirus

* Percentage of positive samples
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TABLE 2
DETECTION OF VIRUS IN EGGS, SEX PRODUCTS AND DIFFERENT STAGES OF FISH GROWTH

Sex products

Soec Fi i . Seminal Ovarian

pecies ingerlings Juveniles Broodstock fluid fluid Eggs
Trout 11/45%(24.4)° 4/23(19.0) 0/6 1/6 (16.6) 2/6 (333) 0/4
Salmon 0/3 1114 (7.1) 0/4 ND 0/1 02
Turbot 0/20 2/10 0/2 0/3 0/2 071

* Number of positive samples/ Total samples analyzed.
® Percentage.
ND: No determined.

Discussion

The farming industry of salmonids and turbot in the Northwestern Spain has a considerable
potential for the production of those fish species. Although we have previously detected infectious
pancreatic necrosis virus {IPNV) among trout and salmon reared in fishfarms (17), disease out-
breaks attributed to viruses have not been reported to date in cultured turbot in Spain.

Due to the impossibility to obtain balanced samples from the fishfarms both within and bet-
weenl species, no statistical analysis was performed. In spite of this, the results of our study have re-
vealed that only IPNV is detected among salmonid fishes. On the other hand, although the existen-
ce of VHS virus in Spain has been reported by other authors (12), we have not detected this virus
during the present study. In addition, although a high number of importations of trout eggs comes
from enzootic areas in USA for IHNV, this virus has not been isolated among the samples analyzed.
These results are more unexpected because the viral analysis was carried out in cell lines with high

TABLE 3
INCIDENCE OF IPNV IN THE TWELVE TROUT FARMS ANALYZED DURING THIS SURVEY

No of positive samples/

Farm Total samples analyzed 1986 1987 1988
I 113 (33.3F° 141 ND 02

II 113 (7.6) 12 0/1 0/10
1] /5 (D) 0/2 ND 0/3
v w8 (0) 0/1 0/3 02
v 4/9 (44.4) 01 23 2/5
V1 8725 (32) ND 5/18 37
VIl 0/3¢0) ND 0/3 ND
VIII _ 113 {33.3) ND 13 ND
IX 2/8 (25) 0/1 2/6 01
X 0/6 (0) ND 0/4 02
X1 0/3 (1) ND 0/3 ND
XII 1/1 (100} ND ND 11
TOTAL 18/87 (19.3) 218 1046 6/33

? Percentage of positive samples.
ND»: No determined.
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TABLE 4
MONITORIZATION OF IMPORTATIONS BY VIRGLOGICAL ANALYSIS OF EMBRIONATED
EGGS AND FRY HATCHED IN THE LABORATORY AND IN THE FARMS

Origin of embrinated eggs Virological analysis
Laboratory” Farm®
Species Country Embrionated®
Eggs Fry Age (Xiday) Fry Age(Xiday)

Trout USA NI - 460 - 368
Salmon Norway - - 447 - 492
Trout Denmark - - 407 + 751
Trout Denmark - - 406 + 599

Trout Spain - - 480 - 561

Trout Spain - - ND - ND

Trout USA - + ND + NI»

* Eggs sampled at the arrival at the custom.
® Fry from eggs hatched in the Iaboratory,

“ Fry from eggs hatched in the fish farms.
ND: No determined.

+: Sample of fry in which IPNV was isolated.

susceptibility to these viruses (14). The isolation of a virus of the Reoviridae family from diseased
farmed turbot is a very interesting finding since there are few reports of viral infections in this spe-
cies (6, 7). Until recently, few reo-like viruses were detected from aquatic organisms, being the
most relevant: GSV (golden shiner virus) (24), chum salmon virus (CSV) (28), channel catfihs reo-
virus (CRV) (1), and striped bass reovirus {SRV) (3). However, the role of this viral group in aqua-
culture as well as their pathogenicity to cultured species has not yet clearly established. Recently re-
sults of experimental infections with the Turbot Reovirus (TRV) (18) performed in our laboratory
demonstrated that this new virus is pathogenic for turbot, being reisolated from each inoculated dead
fish (Lupiani, B., Ledo, A, Dopazo, C. P, Baya, A., Toranzo, A. E. and Barja, J. 1989 Prooc. 4rd In-
tern. Conf. Eur. Ass. Fish Pathol. p. 103).

IPN is considered as a disease of young salmonid fish (2, 8, 32}. In fact, we have detected a
higher percentage of isolations among fry and fingerlings than in yearlings of rainbow trout. Howe-
ver, the studies with respect to the incidence of carrier fish in populations vary depending on the
species of fish involved. Although Billi and Wolf (4) and Yamamoto et al. (34) found that almost all
brook trout (Salvelinus fontinalis) surviving from a IPNV epizootic were carriers, rainbow trout ha-
ve a lower and rapidly decreasing carriers rate (31, 34). It is noteworthy that our IPNV isolates from
adult rainbow trout were detected in fish showing high mortalities that would be unusual if were due
to the IPNV infection. Interestingly, the presence of bacterial pathogens in those samples indicates
that secondary infections were the main responsable cause of these mortalities.

Also, we have detected IPN virus in one sample of seminal fluid and two samples of ovarian
fluid belonging to the same stock of breeders. The principal non-destructive method for the detec-
tion of virus carriers is the analysis of the sex products. Because asymptomatic carriers vsually con-
tain concentrations of virus lower than those found in fish dying from acute disease, it would be
useful 1o improve the techniques to detect virus in sexual products. In fact, we have reported [Do-
paze, C. B, Baya, A., Ledo, A., Lupiani, B. and Toranzo, A. E.. 1988 Prooc. 3rd Intern. Coll. Pathol.
Marine Aquacult. (PAMAQ), p. 3-4] that the use of high speed and low time in the centrifugation



28 (38) FISH VIRAL INFECTIONS IN NORTHWEST OF SPAIN

step of the analysis (conditions used in this study) facilitate the rapid detectlon of IPN virus in the
ovarian fluid samples without loss of sensitivity.

All the samples of imported eggs analyzed were negative for virus presence. However, because
in ope case we isolated virus from fry obtained in our laboratory, we can suggest the analysis of fin-
gerlings increase the probability te detect viral infections allowing us not only an optimat virological
control of importations but also their detection at early stages before the appearance of outbreaks
among fish population. In addition, the isolation of virus among trout reared in fish farms which
were born from imported virus free eggs secems to indicate that these fish were infected in the hat-
chery, that reveal the necessity of good disinfection treatments in the fishfarms. These findings are
supported by the fact that IPNV was isolated repeatedly in these fishfarms.

The detection of the same serotype of IPNV strains from fishes with different geographic ori-
gin could indicate the necessity of a revision of the epidemioclogical distribution of the three classic
serotypes of this virus. In this sense, MacAllister et al. (19) have reported the isolation of IPNV se-
rotype Ab in USA and Bovo et al. (5) the iselation of IPNV strains in Italy belonging to seroty-
pe Vr-299, Moreover, due to the great serological heterogenicity among the strains of this virus it
has recently proposed a new serological classification in nine serotypes, according to the host speci-
ficity and serological relatienships among strains.

Finally, the detection of mixed infections demonstrated the importance to carry out simultane-
ous analysis for virus and bacteria in diseased fish with the aim to determine the causal agent(s) of
mortalities,
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Summary

Fifty strains of coagulase-positive staphylococci associated with bovine mastitis were biotyped.
Of them, 20 were identified as biovar C (cattle & sheep), 17 as biovar B (poultry & swine), 2 as bio-
var D (hares) and 1 as biovar F (pigeon & fox). Of the remaining strains, 2 were closely related to
human biovar A, 2 failed one property to be classified as biovar B, 3 shared properties of biovars B
and D and 3 could not be identified. Bovine strains belonging to biovar C formed an heterogencous
group showing differences in crystat violet growth type and production of alpha haemolysin. Only
strains associated with biovar A were Tween 80 positive. The highest incidence of lytic reactions
amongst all biovars was with phages 42 E (III) and 102 (IV). Antibiotic resistance was most fre-
quently found in biovar C (65%). The 2 strains in biovar D, one classed as biovar C and one as in-
termediate, were enterotoxigenic (C or D toxins).

Key words: Staphylococci, biotypes, bovine mastitic, milk.

Resumen

Un total de 50 cepas de estafilococos coagulasa positivos aisladas de mamitis bovinas fueron
adscritas a biotipos (biovares o ecovares). De ellas, 20 pertenecian al biovar C {vacuno y ovino}, 17
al biovar B (aves y cerdos), 2 al biovar D (liebres) y 1 al biovar F (palomas y zorros). Las propieda-
des de otras 2 cepas eran muy similares a las del biovar humano (A), 2 fallaban una propiedad del
biovar B, 3 compartian caracteristicas de los biovares B y D y 3 no pudieron ser identificadas. Las
cepas del biovar C formaban un grupo heterogéneo con variaciones en el tipo de crectimiento en
agar cristal violeta y en la produccidén de hemolisina «. Unicamente las cepas proximas al biovar hu-
mano hidrolizaban el Tween 80. Los bacteriéfagos que lisaban mayor nimero de cepas en todos los
biovares fueron el 42 E (III) y el 102 (IV). La mayor frecuencia de resistencia a los antibidticos se
encontrd en el biovar C (65%). Las 2 cepas del biovar D, una adscrita al Cy otra de propiedades in-
termedias eran enterotoxigénicas (enterotoxinas C o D).

Introduction

Considerable host-specifity has been demonstrated by certain species of staphylocoeci (16, 18).
Furthermore, some phenotypic characteristics of S. aqureus seem to depend on the origin of the

(*) Corresponding author.
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strains (humans or different animal species). On the basis of the latter observations, Mever (21)
proposed to subdivide S. aureus into three varieties according to the natural host (S. aureus var. ho-
minis, S. aureus var. canis and S. aurens var. bovis) and Hajek & Marsalek (13, 14) distinguished six
biovars or ecovars (biotypes) of 5. aureus, three of which corresponded to the varieties of Meyer.
Strains isolated from humans were placed in biotype A. Poultry and pig strains were biotype B, cow
and sheep isolates usually belonged to biotype C and the predominant strains isolated from hares
were placed in biotype D. Strains of biotype E (dogs, minks & horses) and F (pigeon & foxes) were
later reclassified as S. intermedius (10).

Bovine mastitis is one of the mest important animal diseases, in which coagulase-positive
staphylococci may be the specific aetiological agent. The aim of this work was to identify the bio-
vars or ecovars of coagulase-positive staphylococci associated with bovine mastitis in order to ob-
tain ecological and epidemiological information.

Materials and methods

Cultures

A total of 50 strains of coagulase-positive staphylococei isolated either in pure culture or in
numbers sufficient to be considered the cause of mastitis were studied. Each culture was obtained
from one sample of milk taken from an individual cow suffering from acute, gangrenous or chronic
mastitis. Most of the animals yielded pure cultures. Each strain was incubated in brain heart infu-
sion broth (BHI) and streaked on BHI agar. One colony was picked, and the procedure repeated
three times. Identification at the genus level and coagulase production were carried out according
to Menes et al. (20).

Taxonomic scheme

Subdivision into ecovars was done according to the scheme proposed by Hajek and Marsalek
(13, 14).

Tosts

Fibrinolysin production was investigated by the plate method of Christie and Wilson (5).

Production of pigment was observed on P agar as proposed by Kloos (17).

Coagulase activity was determined by the tube assay described by Baird-Parker (2) using fresh
human and bovine plasmas containing 0.1 % EDTA. Reactions were examined after 4 and 24 hours
and scored from O to 4 + (29).

The production of alpha, beta and delta haemolysins was studied by the method of Nakagawa
(23) using tryptose blood agar base (Difco) and three times washed rabbit, sheep, horse, and human
erythrocytes (5 %, v/v). Filter paper strips soaked in anti-alpha-haemolysin serum (Burroughs Well-
come Co., England) were employed as indicated by Elek and Levy (8). 8. aureus strains ATCC 8096
and ATCC 25178 were included as controls.

The crystal violet reaction was investigated according to Meyer (21).

Clumping factor was determined with rabbit plasma plus EDTA (Difco) according to the ma-
nufacturer's instructions and taking into account the recommendations of Devriese and Hajek (7).

Tellurite reduction and egg yolk production were observed after growth for 24 and 48 hours on
Baird-Parker medium (Oxoid).

Hydrolysis of Tween 80 was examined as described by Gutiérrez ef al. (9).

Phage typing was carried out using the international basic set of human S. aurens phages (28)
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and the basic set for typing bovine S. aureus (6). The technique used was that of Blair and Williams.
(4) as modified by Parker (24a) and de Saxe et al. (26). Strains negative at the routine test dilution
(RTD) were retested at 100xRTD.

Antibiotic susceptibility was determined by the disc diffusion method (3). The following anti-
biotics were used: penicitlin G, cephalotin, kanamycin, tetracycline, streptomycin, methicillin, eryth-
romycin and chloramphenicol (Difco). Special precantions were taken for detecting methicillin re-
sistance (the medium was stabilized osmotically with 5% NaCl and the temperature hold at 30° C).
S. aureus strain ATCC 25923 and E. coli ATCC 25922 were included as controls.

Enterotoxin A-E production were assayed by the optimal sensivity plate method of Robbins er
al. (25). The cellophane over agar method was used for enterotoxin production (25).

Resulis

The biovars found, their physiological and biochemical characteristics and the number of isola-
tes belonging to each biovar are shown in Table 1.

Twenty strains were classified as biovar C, 17 as biovar B, 2 as biovar D, and 1 as biovar F. Of
the remaining strains, 3 were considered intermediate (shared properties of biotypes B and D},
2 were similar to biovar A (failed one property), 2 were similar to biovar B and 3 could not be iden-
tified.

Only 3 strains showed lipolytic activity on Tween 80 and 9 produced egg yolk factor.

The number of antibiotic resistant strains was 22. Of them, 4 belonged to biovar B (penicillin,
3; streptomycin, 1), 13 to biovar C (chloramphenicol, 2; penicillin, 8, and penicillin + streptemycin,
3), and 1 to biovar D (penicillin). Table 1 shows that penicillin resistance was also observed in
strains of patterns 9, 10 (Next A} and 16 (unidentified). The strain in pattern 11 (Next B) was resis-
tant to streptomycin.

Sixteen strains belonging to biovar B were typable. The phage groups found were II-IV
{9 strains}, I'V (4 strains), II-III-IV (2 strains) and [-III-IV (1 strain). The highest incidence of lysis
corresponded to phages 102 (14 strains) and 42 E (12 sirains). The number of typable strains in bio-
var C was 19. Of them, 10 were lysed by phages from groups III-1V, 7 by phages from group 1V, 1 by
phages from groups II-III-1V and 1 by phages from groups III-IV-M. All typable strains were lysed
by phage 102, 15 by phage 42 E and 14 by phage 42D. The phage groups of both straias in biovar D
were I-M. Strains classed as Next A were lysed exclusively by human phages 29/52/52A/81 (I-M).
Patterns 11 and 12 were lysed by phages in groups I'V and III-1V, respectively. Phage groups of iso-
lates in pattern 13 were I-M, I-II-11L, and I-M. Also, the unclassified strain of pattern 16 was typable
by phages of II and IV groups. .

Four strains were enterotoxigenic. Of them, 2 corresponded to biovar D (toxins C and D), one
to biovar C (C toxin) an the remaining, also C producer, was identified as intermediate.

Discussion

Several studies have shown that certain infections of sheep (mastitis, abscesses, etc.) are mainly
produced by ovine-adapted $. aureus strains which form an homogeneous and characteristic group
within the biovar C (cattle & sheep). They could be recognized by being crystal violet type C (nega-
tive), usuatly enterotoxin C producers and typable by bovine phage 78 (11, 15, 20). In a previous
work on S. aureus strains isolated from ovine mastitic milk (9}, we obtained daia which confirmed
the above observations. In contrast, many of the coagulase-positive staphylocoeei included in this
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TABLE 1
BIOCHEMICAL AND PHYSIOLOGICAL PATTERNS AND ECOVARS (BIOTYPES) OF 50 COAGULASE-
POSITIVE STAPHYLOCOCCAL STRAINS AGENTS OF BOVINE MASTITIS

Patterns

Tests 1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16
Fibrinolisyn - - - - - - - -+ o+ — — - + - —
Pigment + 0+ + + o+ o+ - - + o+ - + + + + +
Coagulase:

Human plasma + 0+ + + o+ o+ 4 + o+ o+ + + + - + +

Bovine plasma - - + + + + - + -+ - - - - + -
Haemolysins:

Alpha + - - + + - - -+ o+ + + + - - -

Beta + + + + o+ + o+ + - - + + + - - -
Crystalviolettype A A A C A C C A A C A A C A B
Clumping factor + + + + + o+ + -+ o+ + - + - + -
Tellurite reduction® + + + + + + + = + o+ + + + + + +
Phage typing® vV V.V V V V¥V V¥V H H B HB V - - H/B
Biotype? B B CC C C D F NxtA NxA NxuB NeB ImBD U U U
N.° of strains 4 3 7 7 4 12 2 1 1 1 1 301 1 1
Tween 80 - - - - = - - - + - - - T — _
Egg yolk factor 6+ - - - - - - + o+ o+ - - — — - _
Enterotoxins. - - - - - 1Cl1c+1Db - - - - - 1 - - -

AJB type, +; Ctype, -

b+ grey

* 'V, variable (human and/or bovine phages or none); H, lysed by human phages; B, lysed by bovine phages.
4 Next, failed one property; Int, shared properties of ecovars B and D); U, unidentified.

study, isofated from mastitic cows in the same geographic area, belonged to biovars associated with
other hosts.

Characteristic of our C biovar strains (Table 1, patterns 3 to 6) was their ability to coagulate hu-
man and bovine plasmas and to produce beta haemolysin; however, there were differences in crys-
tal vielet growth type (11 strains were type A and 9 strains were type C) and alpha haemolysin pro-
duction (11 strains were positive). According to Hajek and Marsalek (12), the character of growth
on crystal violet agar is useful for the differentiation of virulent bovine strains (type A) from carrier
bovine strains (type €). Also, production of alpha haemolysin is often associated with the more vi-
rulent bovine strains (1). The most remarkable aspect of this group was its similar behaviour in ad-
ditional tests: lack of lipolytic activity {egg volk factor and Tween 80) and very low enterotoxigeni-
city. In addition, 65 % of the strains showed antibiotic resistance.

The differences in enteretoxin production and phage sensitivity of the bovine and ovine strains
is quite marked. As many as 86.4 % of 59 S. aureus strains isolated by us from ovine mastitis (9) be-
longed to the ovine biotype C. Of them 80 % produced enterotoxin C and 57.6 % were lysed by
phage 78. This compared to the bovine strains of this study: 40 % were identified as biovar C, and
only one produced enterotoxin and was lysed by phage 78. The high sensitivity of our biovar C iso-
lates to phages 102 and 42 E was shared by the strains of the remaining biovars.

Strains belonging to patterns 1 and 2 showed good correlation with the description of biovar B
{swine and poultry). They were fibrinolysin negative, unable to coagulate bovine plasma, and crys-
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tal violet type A. In addition, all of them produced beta haemolysin and only 3 isolates failed to
produce alpha-haemolysin.

The two strains in pattern 7 were considered as biovar D (hares). The failed to produce pig-
ment, were enterotoxigenic and lysed by human phages in group I and by the bovine phage 119
{Miscellanecus group). It must be noted that both strains were obtained from animals of different
herds in the same village.

The strain identified as biovar F (S. intermedius) was isolated from a cow suffering from a very
severe form of mastitis.

The two strains in patterns 9 and 10 were similar. In addition to being fibrinolysin positive, be-
ta-haemolysin negative and typable by human, but not bovine, phages, they were egg yolk factor
and Tween 80 positive. These properties are related to biovar A (human), but unlike strains in this
biovar, one was crystal viclet type A (positive), and the other coagulated bovine plasma.

Strains belonging to patterns 11 and 12 correlated in almost all characteristics with the descrip-
tion of biovar B but pattern 11 failed pigment production and pattern 12 was clumping factor ne-
gative. ) '

Strains included in pattern 13 resembled biovar 13 but failed the crystal violet type of growth.
Also, there was a significant difference between these sirains and those belonging to biovar D
{(alpha haemolysin production). Although these cultures were isolated from animals in different
places within the province of Ledn (more than 100 kms away), all of three gave the phage pattern
29/52/52A/119, :

Remarkable differences were observed between the strain of pattern 14 (fibrinolysin positive)
and biovar A. The remaining cultures could not be identified with any of the currently recognized
biovars.

A good correlation was found between fibrinolysin production and lipolytic activity on Tween
80. On the other hand, none of the strains classified as or close to biovars C or I produced egg yolk
factor. According to Hajek and Marsalek (12), infectious and carrier bovine strains could also be
differentiate by this latter property. The low incidence of egg yolk factor producers among coaguia-
se-positive staphylococci isolated from bovine mastitis has also been reported by O'Toole (24).

The high frequency of bovine strains lysed by phages of the international basic sets for typing
human and bovine S. aureus strains and the predominance of groups III (phage 42 E) and IV (pha-
ge 102) are in agreement with observations of other workers (22, 27). However, Mackie ef al. (19)
found that the majority of 617 S. aureus cultures isolated from subclinical mastitis cases in Northern
Ireland, were typabie with phages from groups I and III. Furthermore, bovine phage 102 did not
lyse any of the strains studied by the latter authors. The above discussion suggest that sensitivity to
phages varies from location to location.

Antibiotic resistance was noted in 65 % of strains in biovar C. This compared to 23.5 % in bio-
var B. The high incidence of resistance among strains belonging to biotype C could possibly be reia-
ted to the fact that most of them were obtained from treated cows suffering from chronic forms of
mastitis.

Although the low percentage of enterotoxigenic strains makes it impossible to relate this pro-
perty to any of the other characteristics, it must be noted that they were the only ones lysed by pha-
ge 119 and one of them (C producer) was also sensitive to phage 78.

Finally, the prevalence of B, D, eic. biotype strains in bovine mastitis indicates transfer bet-
ween animals and reflects the impact of poor herd management practice such as keeping together
different animal species.
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Summary

Different moulds were cultivated in beet molasses (BM)-containing medium. Penicillium crus-
fosum Thom was superior to the other moulds in total sterols production (4 % on dry weight basis),
efficiency of convertibility of the BM sugars to sterols (2 %), total lipids (19.4 %} and unsaponified
lipids (13.4 % ). The treatment of BM with H,50,- followed by centrifugation allowed maximum
fermentation yields. The highest unsaponified lipids {(16.5 %) and total sterols level (7.4 %) were
obtained with a medium composed of (g/1): NaNG,, 3; K,HPQ,, 3; MgSO, - 7TH,0, 1.5; K,50,, 0.11;
ZnS0, - TH,0, 0.05; FeCl, - 6H,0, 0.16; H,80, - treated BM, 60. Maximal sterol yields (8.4 %} and
high growth rate were achieved at the accelerated growth phase (8 days old cultures}), when the ini-
tial pH value of the medium was adjusted to 7.0.

Key words: Sterol production.

Resumen

Se cultivaron diferentes hongos en medio que contenia melaza de remolacha (BM). Penici-
llium crustosum Thom fue el mejor en la produccién de esteroles totales (4 % del peso seco), con-
vertibilidad de az(icares de melaza de remolacha en esteroles (2,0 %), lipidos totales (19,4 %) y
ifpidos insaponificables (13,4 %). El tratamiento de la melaza con H,S0, seguido de centrifugacion,
permitié el maximo rendimiento en la fermentacién. La mayor cantidad de lipidos insaponificables
(16,5%) y de esteroles totales (7,4 %) se obtuvieron con un medio compuesto de (g/1); NaNOQ,, 3;
K,;HPO,, 3; MgSO, - TH,0, 1,5; K,50,, 0,11; ZnSO, - TH,0, 0,05; FcCl, - 6H,0, 0,16; melaza de re-
molacha tratada con H,50,, 60. La maxima cantidad de esterol (8,4 %) v el mejor crecimiento se
consiguieron en la fase de ¢recimiento répido (cultivos de 8 dias), cuando el pH inicial del medio se
ajusté a 7.

Introduction

For many years ago, special impetus was given o the study of the content in fungal cells of ste-
rols, especially ergosterol (the precursor of vitamin D} (4, 5, 6, 10, 22, 23, 25, 26). Fungi were found
to be able to synthesize appreciable amounts of sterols when being cuitivated on carbohydrate-rich
media. Among the by-products which give rise to concern in this field for their svitability for micro-

{*) Corresponding author.
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bial utilization are the black strap molasses Ieft after crystallization of sugar from sugar cane or beet
syrups {6, 16, 18, 20).

In Egypt, sugar industry by-products are not being utilized to their fullest potential. Additional
quantities of molasses are now available in our country from the newly operated factory for the
production of sugar from sugar-beet plant. In previous communications (7, 11, 12) we explored the
potentiality of the Egyptian beet molasses for the production of single cell protein and lipid mate-
rials by some yeasts. It is the objective of the present article to evaluate the suitability of this availa-
ble cheap carbon source for the production of sterols by some moulds.

Materials and metheds
Microorganisms

The moulds used comprise the following genera: Alternaria, Aspergillus, Cladosporium,
Drechsiera, Fusarium, Mucor, Ulocladium, and Penicillium. The organism, which was extensively
used in the present experiments, was identified by CAB International Mycological Institute, Ferry
Lane, Kew, Surrey, England, as Penicillium crustosum Thorm. All the tested fungi were isolated
from different local habitats. The cultures were maintained on glucose-peptone slopes.

Molasses

The crude beet molasses (CBM) used as a sole carbon source throughout the present work,
was kindly supplied by the Delta Sugar Company, Egypt.

Cultivation

The moulds were allowed to grow in 100 ml portions of the basal medium dispensed in 250 ml
Erlenmeyer flasks. The basal medium has the following composition (g/1}: BM, 60 (equivalent to
3346 mg total reducing substances); (NH,),HPO,, 2; K,HPO,, 1; MgSO, - 7H,0, 0.5; KC1, 0.5;
FeSQ, - TH,0, 0.01; yeast extract, 1. The reaction of the medium was usually adjusted to an initial
pH of 7.0. The flasks were sterilized by autoclaving for 15 min at a pressure of 15 1b/in? to raise the
temperature to 121° C. The sterilized media were inoculated with a spore suspension prepared by
adding 10 ml of sterile distilled water to a 5 day old culture tube and agitating the growth with the
aid of a sterilized inoculating needle. For each flask 2 ml of the spore suspension were added as
standard inoculum.

The culture flasks were incubated at 30 + 1° C for 10 days under stationary culture conditions.
Thereafter, the necessary analyses were made.

Analysis

The surface fungal mats were separated from the culture medium by centrifugation, washed
with distilled water and dried at 60° C to constant weight. The mould dry weight was then estimated
and the crude lipids were extracted (19), purified (9) and the lipid content was calculated, while the
total sterols were estimated (2) in the unsaponified lipid fractien.
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TABLE 1
APPROXIMATE CHEMICAL COMPOSITION OF THE CRUDE BEET
MOLASSES (7)

Constituents % to Fresh weight
Moisture ' 24.91
Total sugars 52.00
Crude proteins 1.83
Total lipids 0.70
Total titrable acidity 1.34
Ash content (sulphated) 11.63
Elements (as % of total ash)
Sodium 82.750
Calcium 4718
Potassium 2.210
Magnesium 0.562
Iron 0.407
Zine 0.410
Copper 0.036
Phosphorus 0.023
Manganese 0014

The original, as well as the unassimilated, sugar contents of the BM were determined in the me-
dium as glucose (3). Each treatment was carried out in triplicate and the results obtained throughout
this work were the arithmetic mean.

Results and discussion
Sterol production by the tested moulds

The CMB used as the sole carbon source, were previously analysed (7). The results of these
analyses were however given in Table 1.

Screening studies (Table 2) made on the tested moulds revealed that they manifested wide va-
riations in growth values and in their capacity to produce lipids, unsaponified lipid fractions and to-
tal sterols when allowed to grow statically on CBM-containing medium. However, Penicillium
crustosum Thom was found by far to be the most promising mould from the standpoint of biomass
yield and sterols formation. The lipid and its unsaponifiable fraction contributed 19.4 and 13.4 % of the
fungus dry weight, respectively. On the other hand, no consistent relationships were observed bet-
ween the biomass yield and the accumulation of sterols. Thus, Ulocladiim sp. gave the poorest
growth yield while it produced moderate sterol content. In contrast, Drechslera sp. exhibited a com-
paratively high growth value and the lowest sterol yield. P crustosum Thom showed a peculiar effe-
ciency to assimitate CBM's sugars as well as a profound activity to convert these sugars into lipid
materials including sterols; this stimulated its selection as the test organism in the subsequent work.

Utilization of clarified BM

Attempts were made to minimize the deleterious effect exerted by the heavy metals present in
the CBM. Equally important is the removal of the suspended matter which forms what is called



. 40 {50) UTILIZATION OF BEET MOLASSE. .,

TABLE 2 :

SUGAR CONSUMED, GROWTH (D.WT) AND TOTAL LIPIDS AS WELL AS THE UNSAPONIFIED
LIFID FRACTION AND TOTAL STEROLS CONTENTS (MG/100 ML MEDIUM)} OF THE TESTED
FUNGI

Final Sugar Fungus Total Unsaponified Total
pH  consumed Dowt tipids lipids sterols
% SCC
. % of % of % of
Organism me TE  Dwt T8 Dwt T8 Dot
Penicillium
crustosum Thom 7.0 96.3 1607 3117 194 2153 134 64.6 4.0 2.00
Fusarfum sp. 7.0 71.3 1261 2345 186 167.4 133 498 39 193
Ulocladium sp. 15 58.9 942 1394 148 768 8.2 192 20 097
Cladosporitm sp. 6.0 69.3 1093 1935 177 1111 10.2 211 1.9 091
Aspergillus sp. 6.5 1.7 1142 1679 14.7 789 6.9 213 19 089
Alternaria sp. 6.0 850 1361 2232 164 1161 835 209 15 073
Mucor sp. 6.5 902 1430 2488 174 1339 94 221 15 073
Drrechslera sp. 7.0 88.2 1400 1792 128 554 40 132 09 045
mg total sterols
SCC {Sterol conversion coefficieny) = % 100
mg sigar consumed

Initial pH value of the medium = 7.0.
Initial sugar content = 3346 me/100 m! medium.
Incubation period = 10 days.

TABLE 3

PENICILLIUM CRUSTOSUM THOM, GROWTH (D.WT), TOTAL LIPIDS, THE UNSAPONIFIED
LIPID FRACTION AND STEROL CONTENTS (MG/100 ML MEDIUM]) AS INFLUENCED WITH THE
COMPOSITION OF THE FERMENTATION MEDIUM

Final Fungus Total lipids Unsaponified lipids Total sterols
pH D.wt
Medium* mg mg % of mg % of mg % of
Dowt Dowt D.wt
I 7.0 1638 387.7 (0.12)* 237 2655 (0.12)* 162 842 (0.24)* 51
{basal)
I 6.7 1143 3133 (0.19) 274 1884 (029) 165 846 (0.26) 74
111 6.4 1404 390.3 (0.23) 278 2138 (©22) 152 708 (024) 5.0
v 6.7 1248 339.5 (0.20) 272 1632 (0.18) 131 558 (0.23) 45
v 6.4 293 87.0 (0.18) 29.7 419 (0.25) 143 144 (014) 49
VI 7.0 1320 3142 (028) 238 1774 (018) 134 505 (0.35) 3.8

Initial pH value of the tested medium = 7.0.

Media {(g/1) I: (NH,),HPQ, 2; K;HPO,, 1; MgS0, - TH,O, 0.5; KC), 0.5; FeS30, - TH;O, 0.01; yeast extract, 1.0; Clarified BM, 60.
II: NaNOy, 3; K,HPQ,, 3; MgS0, - TH,0, 1.5; K,50,, 0.11; ZnSO, - TH;0, 0.05; FeCl,. 6H,0, 0.16; Clarified BM, 60. I1I: pepto-
ne, 15; yveast extract, 3; clarified BM, 60. 1V: (NH,JH,PO,, 5; MgSO, - TH;O, 1; MnSQO,, 0.2; FeS0, - TH,0, 0.005; ZnS0, -
TH,O, 0.005; CaS0, - 5H,0, 0.005; yeast extract, 1.0; clarified BM, 60. V: KNG, 2.0, MgS0, - TH,O, 2.5; K;HPO,, 0.5; clarified
BM, 60. VI; NH,NO,, 2. K.HPOQ,, 7; yeast extract, 2; clarified BM, 60.

( )* denote the standard error
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mud. Centrifugation, precipitation or decationization (7) were used to clarify the BM and the clari-
fied BM was used as the sole carbon source in media for fungal growth. Undoubtedly the elements
content of the CBM were markedly affected by the tested treatments. H,SO,-ireatment followed by
centrifugation clarified the BM and gave best mold activities (Fig. 1). The H,50,-treated BM lost
about 75, 87, 50 and 50 % of their contents of Na, Ca, K and Mg, respectively (7). However, H,SO,-
treated BM appeared to supply adequate levels of both macro and micro-elements enhancing the
different tested metabolic activities by the experimental mould. On the other hand, the most delete-
rious effect was recorded with the decationized-BM treatment wherein the yields of the lipid, unsa-
ponified lipid fraction and sterols were inferior by about 40, 55, and 60 % respectively. This could
be attributed to the complete loss of Zn, Cu, P and Mn, as well as to the marked reduction of the
Na, Ca, K, Mg and Fe levels of the decatonized BM sample (7).

Suitability of the fermentation medium

The H,80,-treated BM was separately supplemented with the ingredients necessary for fungal
growth in an attempt to select a basal medium most favourable for sterols production. The results
(Table 3) revealed that, the formulation of medium II supported the production of the highest unsa-
ponified lipids (16.5 %) and total sterols level (7.4 %), though the tested mold exhibited lower
growth yields under the same conditions. In accordance to our results some workers (14, 17) have
reported that the decreased growth rate of some yeasts enhance the lipid and sterols production.

] % (Sugor uptoke : initial sugor content } ™ —‘ 100
mg Dry weight { Dwt) -?: -:‘
BY % (Total lipide: Dwt)
B % (unsaponified lipids: Dwt) N ':’
[ % (Toral sterols ; Dwt} '
75
2000
7' Jso0 %
E -../ -.B
H 1 7
2 ¥
£ 1200 K1) %
i kg 137
g N
~ i7 a7 =
o . -
E Y -1
400} 1§ N
) 47
X7
A -4
A + 1 M
Crude Centrifuged  HiSo4-treated Decotonized

Fig. 1.—Sugar uptake, dry weight, total lipids, the unsaponified lipids fraction and total sterols of
Penicitfiurm crustosim Thom as affected by the preireatment of BM.
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The analysis of variance indicated that the variations with the different tested media in the
content of total lipids, unsaponified lipids and total sterols were significant (F = 8.15, 16.95 and
12.19 respectively; P < 0.05),

Growth phases-relations

The activities of the tested mould were estimated during the different phases of growth. The
results (Fig. 2) indicated that at the end of the 8th day of incubation which representing the end of
the accelerated phase, higher growth value correlated with active sugar assimilation and maximal
sterol output were reached. However, the late phases of growth (extended from 10-14 days) were
accompanied by lower rate of sugar assimilation, lower biomass yields, higher amounis of lipids
which were found to embrace relatively higher unsaponified fraction, In this respect, it was repor-
ted (8) that the new membrane material and that a subsequent reduction in sterol production oc-
curs when the culture enters the stationary phase. This finding may interpret the reduced sterol
production at the end of the 10th day of incubation, which represents the beginning of the statio-
nary phase of growth.

It is of noteworthy that during the active phase of sterol biosynthesis (6-8 days) vigorous mould
sporulation was traced visually. Thus, a 2.2 fold increase in the fotal sterols was attained when the
incubation period was extended from 6 to 8 days. In accordance with the present results, many wor-
kers (1, 13, 15) found that the lipid production and sterol biosynthesis were enhanced by the sporu-
lation of the fungus used.

TABLE 4

PENICILLIUM CRUSTOSUM THOM, GROWTH {D.WT), TOTAL LIPIDS, THE UNSAPONIFIED
LIPID FRACTION AND TOTAL STEROL CONTENTS AS INFLUENCED WITH THE pH VALUE OF
THE MEDIUM

pH value Fungus Total lipids Unsaponified lipids Total sterols
Dawt

- . % of % of % of
Initial Final mg mg D owt mg D.wt mg D. Wi

3 31 no growth
4 50 616 844 (0.26)* 137 283 (0.17)* 46 9.9 (0.06)* 1.6
=% 5 5.8 918 1388 (0.20) 173 725 (014) 79 26.6 (0.29) 2.9
Tzu ] 6 6.1 1001 2042 (0.16) 204 107.1 (0.28) 10.7 48.0(0.29) 4.8
g ‘-g 7 62 1060 276.7 (023}  26.1 1834 (026) 173 89.0(0.23) 84
8 78 1004 248.0 (0.18) 24.7 155.6 (0.33) 15.5 75.3(037) 7.5
9 3.0 980 2117 (0.23) 216 1352 (0.20y 13.8 60.7 (045) 6.2
10 8.0 791 128.9(0.30) 163 79.1(0.32) 10.0 316 (0.22) 4.0
2 5.59 1327 3012 (0.30) 227 142.4 (0.70y 10.7 703 (0.9 53
%E 591 1345 3134 (0.26) 233 1525 (0.36} 11.3 86,1 (0.40) 64
2 E 6,98 1321 344.8 (0.0%)  26.1 182.0 (0.88) 143 938055 7.1
= 7.38 1248 3008 (029) 241 162.2 (0.23) 13.0 81.1 (049) 6.5
8.04 1197 2789 (0.32) 233 134.8 (0.09) 113 67.0(0.16) 56

{ )* denote the standard error.
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Fig, 2.—Penicillium crustosum Thom dry weight, total lipids, the unsaponified lipids fraction and
sterols contents {mg/100 ml medium) as well as sugar uptake during 14 days of growth periods.

pH relations

Aliquots of the basal medium were initially adjusted to pH values from 3 to 10 before steriliza-
tion. The analyses were carried out after § days growth. The results, in Table 4, indicated that, the
tested fungus failed to grow when cultivated on a basal medium initially adjusted to pH below 4.0,
Similarly, the fungus activities were remarkably restricted at pH 10.0. However, the initial adjust-
ment of the culture medium to pH 7.0, appeared to exert a definite favourable influence on the
metabolic processes leading to the production of copious fungal biomass yield rich in total sterols,
A noticeable decrease in the fermentation yields was, however, recorded upon adjusting the reac-
tion of the culture medium either to acidity or to atkalinity. In this respect, some workers (21, 24)
have reported that neutral or slightly alkaline medium was conducive to vigorous growth and high
sterol production by fungi. To overcome the slight shift in the initial pH value during fermentation,
a parallel investigation using buffered-adjusted medium was conducted. Evidence had been gained
that the adjustment of the culture medium with phosphate buffer to pH 6.98 allowed the recovery
of high growth yield and the production of maximal amounts of lipids, unsaponified lipids and total
sterols, as compared to the other buffered pHs.

The analysis of variance indicated that the variations with the different tested pHs (initially ad-
justed or buffered) in the content of total lipids, unsaponified lipids and total sterols were signifi-
cant (F =10.17, 10.28 and 16.15 for initial pH and 7.30, 7.00, and 11.00 for buffered pH, respectively;
p < 0.05).
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Summary

The incidence of enteritidis serotype of Salmonelia enterica in salmonellae infections has stea-
dily increased in Spain from 27.1 % in 1982 up to 63.4 % in 1987, Given this high incidence, we have
studied the plasmid profiles of Enteritidis isolates to subclassify them. Different profiles were ob-
served in 50 isolates. In 13 Enteriditis serotype outbreaks, up to 5 different plasmid profiles were
found. Each outbreak correlated with a singie plasmid profile except in one case where plasmids of
two different profiles were observed in strains from the same outbreak.

Key words: Salmonella, epidemiological marker, plasmids.

Resumen

La incidencia de infecciones por Salmonella enterica serotipo Enteritidis en Espafia ha aumen-
tado desde un 27,1 % en 1982 hasta un 63,4 % en 1987. Dada esta alta incidencia, hemos estndiado
el perfil plasmidico de aislamientos de Enteritidis para conseguir una mayor discriminaciéon. En 50
cepas procedentes de casos aislados se observaron 6 perfiles plasmidicos diferentes. En 13 brotes
del serotipo Enteritidis encontrames 5 perfiles plasmidicos distintos. Cada brote estaba correlacio-
nado con un solo perfil plasmidico excepto en un caso, donde se encontraron 2 perfiles plasmidicos
eit cepas de un mismo brote.

Introduoction

Saimonella is the main foodborne disease causative agent in Spain. Different epidemiological
markers have been developed to characterize Salmonella isolates related to outbreaks, including:
serotyping, phagetyping, bacteriocintyping, antimicrobial susceptibility, and plasmid profiles.

Serotyping is the most important epidemiological marker for Salmonella infections. In Spain,
the most common Salmonella serotype & Enteritidis, accounting for 63.4 % of total cases in 1987
(6). Hence the interest to introduce complementary epidemiological markers for this serotype.

{(*} Corresponding author.
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In 1973, Christiansen et al. (4) isclated different plasmids from Salmonelia. Subsequently,
Barth ef ol. (1) demonstrated that the plasmid content was stable. Different laboratories have stu-
died the electrophoretic plasmid patterns of Safmonella serotypes isolates from gastrointestinal in-
fections. Bezanson et al. (2) used plasmid profiles to separate 40 isolates of serotype Muenster from
diverse sources into four distinct groups. Threlall et al (15) identified four distinctive plasmid pro-
files in strains of serotype Gold Coast isolated in Britain. The plasmid profile designated as type 4
caused an extensive outbreak of food-poisoning, and it was confirmed that the vehicle of infection
was imported paté. In the Enteritidis serotype, there -have been scarce reports on plasmid profiles
and, in some instances, surveys were originated by the spread of antibiotic resistant organisms bea-
ring large (120-140 MIDa) R-plasmids (8).

We have now applied. the same methodology to characterize Enteritidis strains originating
from 13 foodborne outbreaks which took place in Spain between 1987 and 1988. Our results indica-
ted the interest of studying plasmid profiles as an epidemiological marker to subclassify Enteritidis
isolates.

Materials and methods

Bacterial strains

A total of 139 Salmonelia strains of the Enteritidis serotype, from our collection, were used for
this study. Fifty strains were isolated from individual cases originated from different locations
throughout Spain. The other 89 strains were isolated from foodborne outbreaks.

The source material for isolation of the individual cases was faeces. The strains from outbreaks
were isolated from faeces of patients and of healthy carriers as well as from food stocks associated
to the outbreaks. The infected samples were plated on MacConkey agar for bacterial growth. Bio-
chemical identification was done in the isolated bacteria (7) and serotyping characterization was
performed according to the Pasteur Institute guidelines (10).

Isolation of plasmid DNA and agarose gel electrophoresis

Plasmid DNA was prepared by the Kado and Liu method (9), modified by Nakamura et al.
(12). Bacterial cells were grown overnight in 9 ml of tripticase soy broth at 37° C, harvested by cen-
trifugation and suspended in 1 ml of 40 mM Tris-acetate buffer and 2 mM EDTA. The ceils were ly-
sed by addition of 2 ml of 3 % SDS and 50 mM Tris (pH 12.6), and incubated for 1 h at 55° C; after-
wards, extraction with 6 ml o phenol/chloroform was carried out. For restriction analysis, the
aqueous phase was dialyzed first against 25 % polyethylene glycol 6000, and then, against 0.1 X SSC
(prepared from a 20 X stock containing 3 M sodium chloride and 0.3 M sodium citrate) during 16 h;
twenty il samples were analyzed by electrophoresis in horizontal slab gels containing 0.7 % agarose
(w/y, Sigma type II). The electrophoresis was run at 60 V for 2.5 h at room temperature. The gels
were stained for 30 minutes with 0.5 pg/ml of ethidium bromide in distilled water. Photographs were
taken with a short wave UV radiation (Ultraviolet Products Inc.) using Polaroid type 665 films and
a Tiffen 15 orange filter.

Molecular sizes were determined using, as standars, the mobility of Escherichia coli V517 plas-
mids ranging from 1.4 to 35.8 MDa (11).

Restriction enzyme analysis

Two pl samples of plasmid DNA isolated as above were digested with Hindlll, EcoRI and
BamHI (Pharmacia) following the manufacturers instructions. The digested samples were analyzed
by gel electrophoresis as before. Molecular weights were determined using Hind I11-digested
Lambda DNA (Pharmacia}, as marker.
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Identification of antimicrobial resistance plasmids

Susceptibility to antibiotics was determined by the standard agar disk diffusion test (5). Conju-
gative transfer of antimicrobial resistance was performed on solid media on nitrocellulose filters
(5). The recipient strain used was E. coli BM694 (5) which is resistant to nalidixic acid. Selection of
transconjugants was carried out on MacConkey agar with nalidixic acid (50 pg/ml} plus ampicillin
(50 pg/ml) or kanamycin (10 pg/ml). Transformation of £. coli with Salmonefia plasmid DNA was
accomplished by the standard calcium-chloride method (5).

Results
Preliminar plasmid screening

As a first attempt to isolate plasmids from Enteritidis serotype and to evaluate the variability
of the plasmid profiles to differentiate strains, we selected 50 Salmonella strains (classified as beilon-
ging to the Enteritidis serotype) isolated from individual cases. The electrophoretic patterns of the
isolated plasmids revealed the presence of 6 different profiles (Table 1). When the plasmids isclated
from outbreaks strains (see below) were included, up to 8 different profiles could be detected. The
plasmid size ranged from 1.2 to 55 MDa. Eighty per cent of the isolates harboured a single plasmid
of 36 MDa. The other isolates yielded complex patterns containing more than one plasmid,

Strain analysis from foodborne outbreaks

Eighty nine Salmonella strains, classified within the Enteritidis serotype, were analyzed for
their plasmid content. The strains originated from 13 foodborne outbreaks which occurred in Spain
during 1987-1988. Table 2 shows the results obtained. Strains from 8 outbreaks gave rise to a single
36 MDa plasmid. In order to see whether this plasmid isolated from different strains was identical,
restriction analysis was performed in 20 different isolates containing the 36 MDa plasmid. In all ca-
ses, the restriction patterns were identical, as previously described by Nakamura et al. (12).

In most outbreaks, all strains generated the same plasmid profile indicating that they were ori-
ginated from a common source. Up to 5 different profiles were found among the strains, profile I
was the most frequent, being present in 61.5 % of all out break strains. Most plasmids were present
in strains isolated from food stock, carriers and gastrointestinal infections.

One of the outbreaks (M), however, yielded strains with 2 different plasmid profiles. Three
strains implicated in this outbreak showed plasmid profile I; they were isolated frem a food handler,
a patient and food stock, respectively (Table 2). The other 6 strains had the plasmid profile III and
none of them were isolated from a food handler but from patients and food stocks. Profile III was
also present in strains isolated from outbreak J which took place in a close geographical area.

Plasmid profiles and antimicrobial resistance

All strains of Salmonella serotype Enteritidis tested were fully susceptible to antibiotics, except
in the case of those with plasmid profile VI bearing 4 plasmids of 55, 36, 22 and 5.5 MDa (Table 1)
which were resistant to ampicillin, streptomycin, kanamyein and sulphonamides.

Ampicillin resistance was independently transferred by conjugation to E. coli, being associated
to the 22 MDa plasmid in all the transconjugants tested. Transfer of streptomycin-kanamycin-sulp-
honamides resistance could only be detected by transformation of E. coli, as it was linked in the
transformants to the 5.5 MDa plasmid (not shown).
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TABLE 1

PLASMID PROFILES PERCENTAGES

Plasmid profiles (MDa) Isolated cases % Outbreaks %
I (36) 80 61.5
I (36;2.6;1.2) 10 7.7
III (36:3.9;2.4) 4 7.7
v (53:3.3) 0 7.7
v (36;1.8;1.2) 0 7.7
VI (55; 36, 22; 5.5} 2 0
VII (36:1.8) 2 0
VIII (36:1.2) 2 0

Discussion

In this report, we describe the plasmid profiles detected in strains of the Enteritidis serotype of
Salmonella. Eight different profiles were identified, with plasmid sizes ranging from 1.2 to 55 MDa,
Profile I was found in 80 % of strains coming from individual cases and 61.5 % of strains from food-
borne outbreaks. This indicates that bacteria harbouring the 36 MDa plasmid are prevalent in
Spain. A 36 MDa plasmid has been isotated by Popoff et al. (13) and Nakamura ef al. (12) from En-
teritidis strains. The latter authors describe a high incidence, wide distribution, and stability of res-
triction pattern for the 36 MDa plasmid (12). This suggested that the plasmid might confer some ad-
vantage for colonization of intestinal cells and participate to the spreading among strains infecting
the human population. The same authors also correlated the presence of the 36 MDa plasmid with
virulence in mice. Recently, Woodward et al. (16) have described different plasmid profiles in Ente-
ritidis isolates of animal origin for each of 8 different phagetypes. As they were looking for virulen-
ce regions presumably located in large plasmids by means of a DNA probe, they only indicated that

TABLE 2
FOODBORNE OUTBREAKS CHARACTERISTICS

Outbreak Plasmid profile Strains Carrier Case Food Outbreak type Province

A I 12 3 7 2 Restaurant Teruel
B I 9 2 6 1 Hotel Zaragoza
C I 3 1 6 1 Geriatric Hotel  Toledo
D I 7 3 3 1 Restaurant Tenerife
E I 6 1 4 1 Restaurant Granada
F I 5 1 4 0 Hotel Zaragoza
G I 4 1 3 0 Restaurant Zaragoza
H I 3 1 2 0 Restaurant Granada
I II 6 1 4 1 Hotel P, Mallorca
1 III 7 1 5 1 Restaurant Bilbao
K IV 3 1 1 1 Hotel Barcelona
L v 10 1 8 1 Hotel Zaragoza
M 1+IIL 9 (D 1 1 1 Restaurant Logroiio
(IIy 0 5 1
Tatal 89 18 59 12
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plasmids of 35, 40, 55 and 60 MDa were found to hybridize. Plasmids of aproximately 35-36 MDa
were confined to a single phagetype in these Enteritidis isolates from animals (16).

Our results also confirm the high incidence of bacteria harbouring the 36 MDa plasmid in the
Enteritidis isolates of human origin. This plasmid was present in all profiles found, either alone or
with other plasmids, except in profile I'V where the 36 MDa was not present. However, profile IV
had 2 other plasmids. Whether any of these other plasmids might provide a selective advantage is
not known at present.

Strains from outbreaks I, J, K, and L yielded unique profiles. The presence of the same plas-
mid profiles in strains isolated from healthy carriers, food and patients in a given outbreak, indica-
ted a common origin and suggested that the outbreak might have originated by contamination of
food by a healthy carrier.

Outbreak M apparently had two different origins, as isolates harbouring different plasmids we-
re obtained. Since plasmid profile I was observed in the isolates from a food handler and the meal,
we concluded that the food had been contamined by a healthy carrier. Strains with plasmid profile
HI were not isolated from carriers but only from food that was probably contaminated before it was
handled. As a result of the plasmid analysis it seemed that this outbreak was caused by a double in-
fection. Bezanson et al. (3) have described a similar situation for a Typhimurium phagetype of Sal-
monella. In this case, they identified phagetype 10 as the causative agent of a foodborne outbreak
which involved more than 2,000 people. Plasmid profile analysis of the Typhimurium strains revea-
led the presence of two different molecular subgroups which were both isolated from the same
cheese (3).

In conclusion, plasmid profile analysis can be a useful complementary marker for serotyping of
the Enteritidis strains. In addition, plasmid analysis might be useful to study the prevalence of
strains and the molecular mechanisms underlying this advantageous selection.
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Summary

The incidence of enteritidis serotype of Salmonelia enterica in salmonellae infections has stea-
dily increased in Spain from 27.1 % in 1982 up to 63.4 % in 1987, Given this high incidence, we have
studied the plasmid profiles of Enteritidis isolates to subclassify them. Different profiles were ob-
served in 50 isolates. In 13 Enteriditis serotype outbreaks, up to 5 different plasmid profiles were
found. Each outbreak correlated with a singie plasmid profile except in one case where plasmids of
two different profiles were observed in strains from the same outbreak.

Key words: Salmonella, epidemiological marker, plasmids.

Resumen

La incidencia de infecciones por Salmonella enterica serotipo Enteritidis en Espafia ha aumen-
tado desde un 27,1 % en 1982 hasta un 63,4 % en 1987. Dada esta alta incidencia, hemos estndiado
el perfil plasmidico de aislamientos de Enteritidis para conseguir una mayor discriminaciéon. En 50
cepas procedentes de casos aislados se observaron 6 perfiles plasmidicos diferentes. En 13 brotes
del serotipo Enteritidis encontrames 5 perfiles plasmidicos distintos. Cada brote estaba correlacio-
nado con un solo perfil plasmidico excepto en un caso, donde se encontraron 2 perfiles plasmidicos
eit cepas de un mismo brote.

Introduoction

Saimonella is the main foodborne disease causative agent in Spain. Different epidemiological
markers have been developed to characterize Salmonella isolates related to outbreaks, including:
serotyping, phagetyping, bacteriocintyping, antimicrobial susceptibility, and plasmid profiles.

Serotyping is the most important epidemiological marker for Salmonella infections. In Spain,
the most common Salmonella serotype & Enteritidis, accounting for 63.4 % of total cases in 1987
(6). Hence the interest to introduce complementary epidemiological markers for this serotype.

{(*} Corresponding author.



46 (56) PLASMID PROFILE AS AN EPIDEMIOLOGICAL...

In 1973, Christiansen et al. (4) isclated different plasmids from Salmonelia. Subsequently,
Barth ef ol. (1) demonstrated that the plasmid content was stable. Different laboratories have stu-
died the electrophoretic plasmid patterns of Safmonella serotypes isolates from gastrointestinal in-
fections. Bezanson et al. (2) used plasmid profiles to separate 40 isolates of serotype Muenster from
diverse sources into four distinct groups. Threlall et al (15) identified four distinctive plasmid pro-
files in strains of serotype Gold Coast isolated in Britain. The plasmid profile designated as type 4
caused an extensive outbreak of food-poisoning, and it was confirmed that the vehicle of infection
was imported paté. In the Enteritidis serotype, there -have been scarce reports on plasmid profiles
and, in some instances, surveys were originated by the spread of antibiotic resistant organisms bea-
ring large (120-140 MIDa) R-plasmids (8).

We have now applied. the same methodology to characterize Enteritidis strains originating
from 13 foodborne outbreaks which took place in Spain between 1987 and 1988. Our results indica-
ted the interest of studying plasmid profiles as an epidemiological marker to subclassify Enteritidis
isolates.

Materials and methods

Bacterial strains

A total of 139 Salmonelia strains of the Enteritidis serotype, from our collection, were used for
this study. Fifty strains were isolated from individual cases originated from different locations
throughout Spain. The other 89 strains were isolated from foodborne outbreaks.

The source material for isolation of the individual cases was faeces. The strains from outbreaks
were isolated from faeces of patients and of healthy carriers as well as from food stocks associated
to the outbreaks. The infected samples were plated on MacConkey agar for bacterial growth. Bio-
chemical identification was done in the isolated bacteria (7) and serotyping characterization was
performed according to the Pasteur Institute guidelines (10).

Isolation of plasmid DNA and agarose gel electrophoresis

Plasmid DNA was prepared by the Kado and Liu method (9), modified by Nakamura et al.
(12). Bacterial cells were grown overnight in 9 ml of tripticase soy broth at 37° C, harvested by cen-
trifugation and suspended in 1 ml of 40 mM Tris-acetate buffer and 2 mM EDTA. The ceils were ly-
sed by addition of 2 ml of 3 % SDS and 50 mM Tris (pH 12.6), and incubated for 1 h at 55° C; after-
wards, extraction with 6 ml o phenol/chloroform was carried out. For restriction analysis, the
aqueous phase was dialyzed first against 25 % polyethylene glycol 6000, and then, against 0.1 X SSC
(prepared from a 20 X stock containing 3 M sodium chloride and 0.3 M sodium citrate) during 16 h;
twenty il samples were analyzed by electrophoresis in horizontal slab gels containing 0.7 % agarose
(w/y, Sigma type II). The electrophoresis was run at 60 V for 2.5 h at room temperature. The gels
were stained for 30 minutes with 0.5 pg/ml of ethidium bromide in distilled water. Photographs were
taken with a short wave UV radiation (Ultraviolet Products Inc.) using Polaroid type 665 films and
a Tiffen 15 orange filter.

Molecular sizes were determined using, as standars, the mobility of Escherichia coli V517 plas-
mids ranging from 1.4 to 35.8 MDa (11).

Restriction enzyme analysis

Two pl samples of plasmid DNA isolated as above were digested with Hindlll, EcoRI and
BamHI (Pharmacia) following the manufacturers instructions. The digested samples were analyzed
by gel electrophoresis as before. Molecular weights were determined using Hind I11-digested
Lambda DNA (Pharmacia}, as marker.
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Identification of antimicrobial resistance plasmids

Susceptibility to antibiotics was determined by the standard agar disk diffusion test (5). Conju-
gative transfer of antimicrobial resistance was performed on solid media on nitrocellulose filters
(5). The recipient strain used was E. coli BM694 (5) which is resistant to nalidixic acid. Selection of
transconjugants was carried out on MacConkey agar with nalidixic acid (50 pg/ml} plus ampicillin
(50 pg/ml) or kanamycin (10 pg/ml). Transformation of £. coli with Salmonefia plasmid DNA was
accomplished by the standard calcium-chloride method (5).

Results
Preliminar plasmid screening

As a first attempt to isolate plasmids from Enteritidis serotype and to evaluate the variability
of the plasmid profiles to differentiate strains, we selected 50 Salmonella strains (classified as beilon-
ging to the Enteritidis serotype) isolated from individual cases. The electrophoretic patterns of the
isolated plasmids revealed the presence of 6 different profiles (Table 1). When the plasmids isclated
from outbreaks strains (see below) were included, up to 8 different profiles could be detected. The
plasmid size ranged from 1.2 to 55 MDa. Eighty per cent of the isolates harboured a single plasmid
of 36 MDa. The other isolates yielded complex patterns containing more than one plasmid,

Strain analysis from foodborne outbreaks

Eighty nine Salmonella strains, classified within the Enteritidis serotype, were analyzed for
their plasmid content. The strains originated from 13 foodborne outbreaks which occurred in Spain
during 1987-1988. Table 2 shows the results obtained. Strains from 8 outbreaks gave rise to a single
36 MDa plasmid. In order to see whether this plasmid isolated from different strains was identical,
restriction analysis was performed in 20 different isolates containing the 36 MDa plasmid. In all ca-
ses, the restriction patterns were identical, as previously described by Nakamura et al. (12).

In most outbreaks, all strains generated the same plasmid profile indicating that they were ori-
ginated from a common source. Up to 5 different profiles were found among the strains, profile I
was the most frequent, being present in 61.5 % of all out break strains. Most plasmids were present
in strains isolated from food stock, carriers and gastrointestinal infections.

One of the outbreaks (M), however, yielded strains with 2 different plasmid profiles. Three
strains implicated in this outbreak showed plasmid profile I; they were isolated frem a food handler,
a patient and food stock, respectively (Table 2). The other 6 strains had the plasmid profile III and
none of them were isolated from a food handler but from patients and food stocks. Profile III was
also present in strains isolated from outbreak J which took place in a close geographical area.

Plasmid profiles and antimicrobial resistance

All strains of Salmonella serotype Enteritidis tested were fully susceptible to antibiotics, except
in the case of those with plasmid profile VI bearing 4 plasmids of 55, 36, 22 and 5.5 MDa (Table 1)
which were resistant to ampicillin, streptomycin, kanamyein and sulphonamides.

Ampicillin resistance was independently transferred by conjugation to E. coli, being associated
to the 22 MDa plasmid in all the transconjugants tested. Transfer of streptomycin-kanamycin-sulp-
honamides resistance could only be detected by transformation of E. coli, as it was linked in the
transformants to the 5.5 MDa plasmid (not shown).
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TABLE 1

PLASMID PROFILES PERCENTAGES

Plasmid profiles (MDa) Isolated cases % Outbreaks %
I (36) 80 61.5
I (36;2.6;1.2) 10 7.7
III (36:3.9;2.4) 4 7.7
v (53:3.3) 0 7.7
v (36;1.8;1.2) 0 7.7
VI (55; 36, 22; 5.5} 2 0
VII (36:1.8) 2 0
VIII (36:1.2) 2 0

Discussion

In this report, we describe the plasmid profiles detected in strains of the Enteritidis serotype of
Salmonella. Eight different profiles were identified, with plasmid sizes ranging from 1.2 to 55 MDa,
Profile I was found in 80 % of strains coming from individual cases and 61.5 % of strains from food-
borne outbreaks. This indicates that bacteria harbouring the 36 MDa plasmid are prevalent in
Spain. A 36 MDa plasmid has been isotated by Popoff et al. (13) and Nakamura ef al. (12) from En-
teritidis strains. The latter authors describe a high incidence, wide distribution, and stability of res-
triction pattern for the 36 MDa plasmid (12). This suggested that the plasmid might confer some ad-
vantage for colonization of intestinal cells and participate to the spreading among strains infecting
the human population. The same authors also correlated the presence of the 36 MDa plasmid with
virulence in mice. Recently, Woodward et al. (16) have described different plasmid profiles in Ente-
ritidis isolates of animal origin for each of 8 different phagetypes. As they were looking for virulen-
ce regions presumably located in large plasmids by means of a DNA probe, they only indicated that

TABLE 2
FOODBORNE OUTBREAKS CHARACTERISTICS

Outbreak Plasmid profile Strains Carrier Case Food Outbreak type Province

A I 12 3 7 2 Restaurant Teruel
B I 9 2 6 1 Hotel Zaragoza
C I 3 1 6 1 Geriatric Hotel  Toledo
D I 7 3 3 1 Restaurant Tenerife
E I 6 1 4 1 Restaurant Granada
F I 5 1 4 0 Hotel Zaragoza
G I 4 1 3 0 Restaurant Zaragoza
H I 3 1 2 0 Restaurant Granada
I II 6 1 4 1 Hotel P, Mallorca
1 III 7 1 5 1 Restaurant Bilbao
K IV 3 1 1 1 Hotel Barcelona
L v 10 1 8 1 Hotel Zaragoza
M 1+IIL 9 (D 1 1 1 Restaurant Logroiio
(IIy 0 5 1
Tatal 89 18 59 12
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plasmids of 35, 40, 55 and 60 MDa were found to hybridize. Plasmids of aproximately 35-36 MDa
were confined to a single phagetype in these Enteritidis isolates from animals (16).

Our results also confirm the high incidence of bacteria harbouring the 36 MDa plasmid in the
Enteritidis isolates of human origin. This plasmid was present in all profiles found, either alone or
with other plasmids, except in profile I'V where the 36 MDa was not present. However, profile IV
had 2 other plasmids. Whether any of these other plasmids might provide a selective advantage is
not known at present.

Strains from outbreaks I, J, K, and L yielded unique profiles. The presence of the same plas-
mid profiles in strains isolated from healthy carriers, food and patients in a given outbreak, indica-
ted a common origin and suggested that the outbreak might have originated by contamination of
food by a healthy carrier.

Outbreak M apparently had two different origins, as isolates harbouring different plasmids we-
re obtained. Since plasmid profile I was observed in the isolates from a food handler and the meal,
we concluded that the food had been contamined by a healthy carrier. Strains with plasmid profile
HI were not isolated from carriers but only from food that was probably contaminated before it was
handled. As a result of the plasmid analysis it seemed that this outbreak was caused by a double in-
fection. Bezanson et al. (3) have described a similar situation for a Typhimurium phagetype of Sal-
monella. In this case, they identified phagetype 10 as the causative agent of a foodborne outbreak
which involved more than 2,000 people. Plasmid profile analysis of the Typhimurium strains revea-
led the presence of two different molecular subgroups which were both isolated from the same
cheese (3).

In conclusion, plasmid profile analysis can be a useful complementary marker for serotyping of
the Enteritidis strains. In addition, plasmid analysis might be useful to study the prevalence of
strains and the molecular mechanisms underlying this advantageous selection.
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