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THE RELATIONSHIPS BETWEEN PROTOZOA AND VIRUSES

4. PROTOZOA AS HOSTS OF MAMMALIAN VIRUSES

The recent years have witnessed the revival of interest in protozoa as
possible reservoirs and transmitters of mammalian viruses. This is by
and large due to great progress in the investigation of protozoan viruses,
virus-like particles and cytopathogenic agent in protozoa and protozoa
as inactivators of viruses which have been dealt with in the previous
three parts of the present paper (Teras, Kesa, 1988 a, b; 19,89).

Research into this problem started about 50 years ago when Swedish
virologist Kling and his colleagues, studying sewage water during and
after one of poliomyelitis epidemics in Stockholm in the autumn of 1939
put forward the hypothesis of the role of protozoa as hosts of poliovirus.
Their investigations started after American virologists Paul et al.
(1939) reported on findings of poliovirus in sewage water of three towns
of the USA during an outburst of poliomyelitis in the summer of 1939.

For their first experiments Kling et al. (1942 a, b) used 10 litres of
sewage water collected from sewage in a large district of Stockholm.
After two months of preservation of the material at 4°C the authors
removed the subsediment and injected 60 ml of it to monkeys intraperi-
toneally and 1.0 ml into nerves. By the 18th day of the experiment clinical
symptoms, characteristic of poliomyelitis, appeared. Dissection revealed
extensive and manifest typical pathohistological changes. Identical patho-
logy was observed in the monkey who had been intraperitoneally and
intraneurally infected with the material taken from the first animal, and
also in the monkey infected, in turn, with the material taken from the
second animal.

Being now sure that sewage water of Stockholm contained poliovirus
during the epidemic of poliomyelitis, Kling (1940) reported on it to the
Medical Academy in Paris. Stressing in this report of his mainly the
finding of poliovirus and its remaining infections in sewage water of
Stockholm, Kling later paid more attention to the reasons of discovering
poliovirus outside human organism on the basis of special experiments.
Kling et al. (1942 a, b) ascertained that poliovirus rapidly lost its
infectiousness in the phaeces of patients suffering from poliomyelitis. Be-
sides, they discovered poliovirus also in the sewage water taken from the
central sewage pipe of Stockholm three months after the last registered
case of poliomyelitis. Consequently, the poliovirus could not remain in
sewage for such a long time, having got there only from the phaeces of
patients suffering from poliomyelitis. Especially as in that district of the
city where the material for the first investigation had been collected, i. e.
during the epidemic, only 10 cases of poliomyelitis were registered within
a year, whereas four of them were diagnosed even six months before the
pandemia started. In that district ca 20 million litres of sewage ran
through the pipe daily. According to Kling et al. such water should con-
tain 3 million infectious doses of poliovirus, since injection of 60 ml
already caused in monkeys changes, characteristic of poliomyelitis. On
the basis of the obtained data the authors suggested two possible variants.
According to these either the poliovirus replicated most rapidly in phaeces
of patients suffering from poliomyelitis (whereas replication had to be
repeated up to 30 000 times), or all the 100 000 citizens residing in the
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district from where the material for investigations had been taken during
the epidemic, must have been carriers of poliovirus. Since both these
variants were groundless, Kling et al. came to the conclusion that polio-
virus could have replicated only in sewage pipes, which also explains
why it was found even after the epidemic.

Rodents and insects, due to the closed sewage system of Stockholm,
could not be regarded as reservoirs of poliovirus. Having studied the bio-
logical composition of sewage water, Kling et al. chose protozoa as the
most likely reservoirs of poliovirus. It appeared that 80% of the examined
samples of sewage water contained protozoa of Bodo and Monas genera
of Protomonadina order. They were detected both in the phaeces of polio-
myelitis patients and healthy people. Taking into account more frequent
presence of protozoa of Bodo than other genera, including Monas, in the
phaeces of poliomyelitis patients (in 73% of the patients), the researchers
supposed that namely these flagellates, being able to multiply both in
the human organism and water, might be possible reservoirs of polio-
virus.

It should be mentioned here that yeast cells had also been regarded
as possible reservoirs of poliovirus in sewage water earlier, but as there
were no data in literature on the spreading of any infection through yeast,
the authors paid no special attention to these protista.

Although Kling et al. could neither prove their hypothesis nor establish'
the role of protozoa in the preservation and replication of poliovirus, their
hypothesis evoked a keen response as the problem of poliomyelitis was
very urgent at that time. Scientists began to seek for poliovirus not only
in sewage water but also tried to establish experimentally the protozoa
in which this virus might persist and replicate.

The first experimental investigations were carried out by Evans and
Osterud (1946), who, in their first series of experiments during one of the
outbursts of poliomyelitis in the USA in autumn, 1944 tried to elucidate
the possibility of adaptation of poliovirus in protozoa as well as various
other microorganisms inhabiting rivers, lakes and sewage water.

For such experiments the authors used 12 virulent strains of poliovirus
that had been passaged only a few times through monkeys. From each
poliovirus strain 10% suspension of monkey’s spinal cord was made to
infect the protista. Adding 15 ml of that suspension to 135 ml of water
which contained protozoa as well as bacteria in natural quantity and
composition, the authors got a conditional dilution of the virus 1 : 100.
Seven days later 15 ml of this material was, in turn, added to 135 ml of
water, recently collected for investigation. Similar passages were repeated
every seven days till the dilution of poliovirus in water reached 1 : 100 000.
A week after the last passage samples of each series were treated with
ether and injected to monkeys. Analogical experiments were carried out
with the Armstrong strain of poliovirus adapted to mice, as well as with
two strains of Theiler virus (blue tongue virus). The results of all these
experiments proved to be negative, i. e. in none of the animals symptoms
of poliomyelitis appeared.

Later on the authors carried out investigations with cultures of proto-
zoa grown in a special medium, consisting of 10 ml of wheat-water, 25 ml
of agar, and mineral and organic substances. Mainly species of Bodo
genus were used for research, for they predominated in the investigated
sewage water of Minneapolis and Saint-Paul. Seven strains of these
flagellates were studied simultaneously, one strain of the genus Monas,
one strain of the genus Oikomonas and 3 mixed cultures, mainly con-
taining protozoa of Tetrahymena, Uronema, Monas and Pleuromonas
genera.

For infecting the cultures of protozoa the authors used six strains of
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poliovirus, one of which was able to replicate in the organism of rodents.
The virus was added to the cultures of protozoa in 0.2 ml portions of
10% suspension of monkey’s spinal cord, infected with poliovirus, whereas
the initial dilution of the virus in protozoan cultures was 1 ; 400. Depend-
ing on the intensiveness of multiplication, every 5—14 days the protozoa
were inoculated anew into a fresh medium in 0.1 ml portions until the
virus dilution reached 4- 10~6 . The material of the second subculture was
treated with ether, purified from associating bacteria by centrifuging, and
then intracerebrally infected to monkeys. As protozoa multiplied inten-
sively in the cultures, infected with the virus, the authors did not con-
centrate the virus in their first experiments, but later they increased the
supposed concentration 40 times.

All the results of these experiments were negative and the authors
decided that the replication of poliovirus in microorganisms, including
protozoa inhabiting lakes and rivers as well as sewage water, is very
doubtful, and therefore the data on finding poliovirus in quantities in
protozoa in sewage water pipes do not seem convincing.

Brutsaert et al. (1946) expressed a more cautious opinion of the pos-
sible replication of poliovirus in protozoa. They induced a highly virulent
strain of poliovirus, adapted to white mice, to mixed intestinal bacterial
flora of man and to xenic cultures of Bacterium coli communis, Lepto-
spira biflexa, Entamoeba coli, Trichomonas hominis, Chilomastix mesnili,
Tetrahymena geleii, Leishmania donovani and Trypanosoma gambiense.
In all the experiments the authors used a 10% suspension of mice’s brain,
infected with poliovirus, which was mixed with the culture of microorga-
nisms under study so that the final concentration of the virus were 1 : 100.
After two or seven days part of these cultures was inoculated into a
fresh medium, and the virus concentration was diluted in this as well as
every following passage ten times. The material from control test-tubes,
initially containing a 10% suspension of brain and sterile medium, was
analogically reinoculated. After each passage the vitality and amount of
the microorganisms were studied with a microscope, and presence of the
virus by injecting the culture to white mice. The cultures of entero-
bacteria were, after being filtered by Seitz, intracerebrally induced to
experimental animals in 0.3 ml portions. The cultures of Entamoeba coli,
Chilomastix mesnili and Trichomonas hominis were induced intraperito-
neally in 0.1 ml portions without previous filtering.

The infected mice were observed until characteristic symptoms of polio-
myelitis occurred, whereas the suspension, prepared from tissues of expe-
rimental animals, which had died without apparent paralysis, were once
more induced to mice. As a matter of fact, all the protozoa under investi-
gation, except T. hominis, as well as enterobacteria caused paralysis in
white mice not later than in control experiments with mediums containing
the virus only.

In xenic cultures of T. hominis induced with poliovirus the virus was
detected even after the 4th successive passage (the concentration of the
initial virus-containing material was 10~5 ), while from the control medium
poliovirus disappeared already after the first passage. Therefore the
authors decided to carry out a more thorough study of this protozoon.
But the earlier hypothesis of the replication of poliovirus in trichomonads
was refuted, as typical changes of poliomyelitis appeared also in those
test animals that were intraperitoneally infected with trichomonads to which
poliovirus had been added only after their heat-killing. Despite the fact
that in these experiments poliovirus lost its infectiousness by one passage
earlier than in the experiments with trichomonads, the authors drew the
following conclusion: poliovirus did not replicate in the organism of
T. hominis, but it remained infectious in cultures of both killed and live
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trichomonads longer than in a pure medium, merely as a result of more
favourable conditions.

Although Brutsaert et al. could establish the replication of poliovirus
neither in the studied protozoa nor in bacteria, they did not deny that,
using other species of protozoa, such experiments might prove more
successful.

Two years later Toomey et al. (1948) tried to find out whether Amoeba
proteus, which, as a rule, lives in clean water, could be infected with
poliovirus, and for how long it might remain a carrier of this virus. The
authors isolated a strain of A. proteus from a natural spring and started
cultivating it in a medium of distilled and wheat-water. Multiplication
of the amoebas was especially intensive a month later and that provided
the necessary populations for the planned experiments. Protozoa of these
cultures were first washed with distilled water in a centrifuge for five
minutes, then some distilled water was added to the sediment, and poured
into test-tubes in 3 ml. To every portion 0.3 ml of penicillinum and
streptomycinum solution, containing respectively 1000 and 100 units of
the antibiotic per 1 ml was added.

After that the amoebas were induced with Lansing strain of poliovirus
adapted to mice. It was always added to protozoa in the same amount of
10% suspension of mice’s brain, which had been injected with this virus.
After a 24-hr contact the authors injected these amoebas to CFW type of
mice weighing 10 to 15 g, whereas each test animal was intracerebrally
injected 0.03 ml of the material. All in all 21 series of experiments were
carried out, 24 mice in each. For infecting test animals the authors used
unwashed amoebas and those washed to 11 times with distilled water
after a 24-hr contact with poliovirus, as well as supernatants obtained
at the washing of amoebas, a 10% suspension of mice’s brain who had
died due to poliovirus infection, and the same material incubed for 24 hr
in distilled water at room temperature.

Taking into account that sometimes amoebas themselves proved to be
toxic for test animals, the authors regarded the infection as a cause of
death of mice only when it was preceeded by paralysis.

The majority of the controlled mice (17 out of 24) infected with virus-
containing suspension of mice’s brain and also most of the mice (18 out
of 24) intraperitoneally infected with amoebas contacting poliovirus for
24 hr, manifested changes typical of poliomyelitis. A great number of
mice (23 out of 48), infected with amoebas that had been 10—11 times
washed with distilled water after a 24-hr contact with poliovirus in order
to remove viruses, which could absorb on protozoa, died showing signs
of paralysis. That made the authors think that A. proteus is capable of
not only absorbing poliovirus on its surface but also phagocyting it.

This conclusion is supported by a remarkable fact that the supernatants
obtained during the first washings of the amoebas induced with polio-
virus, did not contain any virus. The latter appeared in the supernatants
only after the 11th washing of this population of protozoa, which was
explained by destruction of protozoan cell membrane as a result of their
repeated washing in hypotonic medium, thus releasing the virus. While
interpreting the above-described phenomenon the authors noticed that
A. proteus, known to be very sensitive to environment, became after a
contact with poliovirus more resistant to factors causing disintegration
than the individuals of normal populations. The authors could not explain
this and, while summing up the results of their experiments, only stressed
that due to the contact with poliovirus and resistance to the environment
acquired through this, A. proteus may become a transitory carrier of this
virus, which is able not only to absorb on their surface, but also penetrate
into their organism,
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Thus, Toomey et al. were the first to establish more or less positively
that viruses, having penetrated into protozoan organism remain, though
for a short period, infectious. Nevertheless, these data were insufficient
to prove the hypotheses of Kling et al., the more so since already a year
after Toomey’s article appeared, another work by Young et al. (1949) was
published, which confirmed neither replication nor persistence of viruses
in a protozoan organism. These authors also studied poliovirus, using
Entamoeba histolytica as a model, which was cultivated together with
Escherichia coli and gram-positive bacteria, similar to Bacillus subtilis,
in biphase egg-serum Locke medium, the liquid phase of which contained
antibiotics to restrain the growth of the bacteria.

The virus was added to 24-hr-old culture of amoebas in the form of
a 5% suspension of mice’s brain, who had died of poliomyelitis. Alter
their incubation for 10 min, 6, 24 and 48 hr, these cultures were added
500 units of penicyllinum and streptomycinum leaving them then for an
hour at room temperature. Thereafter the cultures were centrifuged for
15 min at 1000 turns per min. After separating supernatants from sedi-
ments containing amoebas, 2 ml of ether was added to both components,
the material was thoroughly mixed and then ether was removed by a
pipette. The rest of the sediment was suspended in 2 ml of 0.85% solution
of sodium chloride, and 0.03 ml of the obtained suspension was intra-
cerebrally injected to each test animal.

Using the same methods the material necessary for control tests,
consisting of poliovirus and bacteria as well as poliovirus alone, was
incubated in the same medium for the same period of time.

For the above-mentioned investigation all in all 1584 test animals
were used. The research showed that beginning with a 6-hour contact
time the highest virus concentration was in the system Entamoeba histo-
lytica + poliovirus. Thus, the mice, intracerebrally infected with the mate-
rial extracted, after separating the supernatants from the amoebas, which
had been in contact with poliovirus for 6 hr, died on the average in 3.9±5
days, those which had had a 24-hour contact in 5.4±8 days, and those
with a 48-hour contact in 6.4±0.8 days. Since the test animals infected
with poliovirus incubated for 6, 24 and 48 hr in Locke medium containing
no amoebas or any other bacteria or containing bacteria only, died con-
siderably later (resp. in 5.6±5; 12.1 ± 1.1; 11.6± 1.4 or 5.2±0.8; 6.8±0.9
and 10.6 ±1.1 days after infection), the authors carried out some addi-
tional experiments. They tried to elucidate whether poliovirus in the
system with E. histolytica remained more infectious due to replication of
the virus in the culture of these protozoa or due to their absorption on
the surface of the amoebas. For this purpose Young et al. (1949) pre-
pared a series of dilutions of amoebial cultures not separated from
supernatants and associating bacteria, grown together with poliovirus,
and each dilution was intracerebrally infected to 6 mice. Since LD 50 of
the dilutions of these two systems did not differ relevantly, remaining
practically identical to the dilutions made of poliovirus incubated without
protozoa and bacteria in Locke medium, the authors decided that the
virus in the system E. histolytica+ poliovirus did not replicate and that
the heightened concentration of the poliovirus there was caused by its
absorption on the surface of protozoa.

Either the results obtained by Young et al. proved so convincing that
further investigation of Kling’s hupotheses seemed pointless or virologists
were preoccupied with other important problems at the time of rapid
progress of virology in the 50s, but within the next 15 years no data
appeared in literature supporting or refuting the ability of poliovirus or
any other virus of man or animals to replicate or persist in protozoa.

The problems evoked interest again in 1966, when a Canadian scientist
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Koväcs (1966) reported at the VI Annual Meeting of American Cell Bio-
logy Society that by adding RNA of poliovirus to axenic cultures of Tetra-
hymena pyriformis he had succeeded in reisolating infectious poliovirus
from the homogenate of these ciliates already in 24 hr and then identified
it by neutralization reaction. The author was sure that absorption and
penetration of the virus into protozoa had different mechanisms not yet
quite known, and that phagocytosis had an important role in it, especially
in T. pyriformis.

The same year Koväcs et ai. (1966) published their first more detailed
article on the'results of their investigation of the interaction between
protista and viruses. In this article they discuss the results of interaction
between the complete encephalomyocarditis virus (EMC-virus) and
T. pyriformis as well as yeast Saccharomyces cerevisiae. The method they
used was direct immunofluorescence.

The authors took for their experiments a strain of EMC-virus, adapted
to and passaged on mice and marked with acridine orange, and axenic
cultures of CL strain of T. pyriformis, grown in Scherbaum-Zeuthen
medium. The ciliates in their stationary phase of growth were washed in
conical flasks s—lo times with physiological solution by centrifuging at
3600 turns per min, and thereafter portioned out into flasks by 1.0 ml.
All in all 5 series of experiments were carried out. The flasks of the first
series contained only washed ciliates; those of the second one washed
ciliates and acridine-orange; of the third washed ciliates and marked
EMC-virus, grown after isolation from mice on cell cultures; of the fourth

washed ciliates and marked EMC-virus isolated directly from the brain
of mice; and of the fifth washed ciliates and marked virus isolated
directly from the tissue, not brain, of mice.

15—60 min after adding virus, up to 4.5 ml of Zeuthen medium was
put into each flask. The flasks were placed on a roller regulated at
70 turns per min. Material for investigation was taken from the flasks at
certain intervals, the longest period of incubating at 28 °C being 36 hr.
The ciliates of all the samples were precipitated by centrifuging and ten-
fold washing: twice with distilled water, twice with PBC, twice with
0.15 M solution of NaCl, twice with 0.3 M solution of saccharose and
water, and again twice with distilled water. After the last centrifuging
the ciliates were spread on a stage, fixed with acetone for two min and
washed with buffered glycerole. Such preparates were kept in darkness
at 4°C those not fixed at —2O °C. The preparates were studied by an
all-purpose Zeiss microscope with a fluorometre and spectrophotometre
for measuring the quantity of fluorescence.

The same scheme and methods were used also for investigating Saccha-
romyces cerevisiae, induced with EMC-virus and cultivated in a semi-
defined medium.

The obtained data revealed that EMC-virus marked with acridine
orange appeared after incubation with T. pyriformis and yeast in the cells
of both protista. This was evidenced by fluorescence in the cytoplasm of
the protista, whereas neither the ciliates nor yeast that had been in con-
tact with the virus had it.

The authors regarded the appearance of fluorescence as a proof of
not only penetration into, but even replication of viruses in the organism
of T. pyriformis and yeast cells. The real data, though, allow us, at least
as much as T. pyriformis is concerned, to speak only of detecting the virus
in the cytoplasm, since we cannot exclude the possibility that the virus
appeared there only as a result of phagocytosis.

A year later Koväcs and Bucz (1967) presented more valid data both
on the penetration and replication of the virus in these protista. In their
work the authors described the experiments carried out on T. pyriformis
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and S. cerevisiae with complete EMC-virus and infective RNA of an
attenuated strain of poliovirus.

The methods for these experiments, worked out in the course of nume-
rous preliminary tests, were much more complicated and precise than
those applied in previous investigations. For establishing virus in ciliates
and yeast cell cultures and for determining the titer of the virus in these
protista the reaction of hemagglutination with guinea pigs’ erythro-
cytes, twice washed and then suspended in 0.15 M solution of NaCl was
used.

In the first test series the authors used comparatively small doses of
complete EMC-virus for induction of T. pyriformis and S. cerevisiae, and
ascertained the titer of the virus by hemagglutination after 48-hr incuba-
tion of the protista with the virus. The virus titer in yeast cultures grew
from the initial 0.005 hemagglutination units per cell to 0.065 units in the
homogenate of yeast cells, and even up to 0.2 units in the whole culture
(i.e. in supernatant and homogenate together). The titer of EMC-virus
increased also in axenic cultures of T. pyriformis from the initial 0.065
hemagglutination units per protozoon to 2.4 units in the homogenate of
the ciliates, and up to 19 units in the whole culture.

As the titer of hemagglutinins of EMC-virus in control media remained
at the initial level, the authors drew the conclusion that the increase of
the hemagglutinins’ titer of viruses both in yeast cultures and T. pyrifor-
mis was the result of the replication of the virus in these protista.

The second series of experiments was carried out with very highly
purified infectious RNA of poliovirus, which had been grown either on
cells of monkey’s kidneys or on cells HeLa and FI. 24 hr after adding
RNA of poliovirus to the cultures of 5. cerevisiae and T. pyriformis the
protista were destroyed as a result of repeated washing, and the obtained
homogenates inoculated in cell cultures.

In all four analogical experiments with yeast and five experiments
with ciliates, the authors succeeded in reisolating complete poliovirus
from homogenates of these protista. The poliovirus had complete cyto-
pathogenic effect on cell cultures and could be neutralized by type-specific
antiserum.

Thus, it took 25 years for the hypothesis of Kling et al. (1942a, b) on
the replication of poliovirus either in protozoa or yeast cells to be experi-
mentally proved. At the same time it was proved that, beside poliovirus
and EMC-virus, also other types of viruses may replicate in these protista.
From the given article by Kovacs and Bucz (1967) as well as other sub-
sequent reports by Kovacs (1967 —1968, 1969) we learn that in Zoology
Department of Toronto University the replication of polyoma virus in the
organisms of T. pyriformis and S. cerevisiae was also established, whereas
the virus reisolated from the protozoa after inducing them both with
complete virus and highly purified DNA. The methods used were the same
as in case of poliovirus and EMC-virus.

Besides, the authors noticed that the adding of the carcinogen urethan
to the system when inducing T. pyriformis with complete virus, and
dimethylsulfoxide when inducing it with infectious DNA, facilitated the
replication of this virus. Discussing possible mechanisms of the penetra-
tion of the virus into protista’s organism, Kovacs (1969) suggested that
in case of inducing protozoa and yeast with complete virus, only nucleic
acid penetrates into the cell after being released from external protein
membrane.

Besides the three above-mentioned types of viruses, i. e. poliovirus,
EMC-virus and plyoma virus, Kovacs and Kolompar (1969) described also
the replication of a vaccine strain of measles virus in the organism of
T. pyriformis, which had been established by hemadsorption reaction
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using Lennet’s method. In these experiments the authors used axenic cul-
tures of T. pyriformis incubated for 24, 48 and 72 hr in Scherbaum-
Zeuthen medium together with measles virus, and a 4% suspension of
washed erythrocytes of guinea pigs and monkeys. As absorption of erythro-
cytes took place only on the ciliates that had been incubated with viruses
no less than 24 hr, the authors came to the conclusion that the virus,
penetrating into T. pyriformis, began to replicate intensively. Such con-
clusion is supported by the fact that when the authors used for the induc-
tion of T. pyriformis the measles virus that had been previously treated
with reconvalescence serum, no absorption of erythrocytes was observed.
But in case the virus had been treated with rabbit or horse sera before
adding to ciliates, absorption was quick to follow.

During these experiments the authors paid special attention to the
vitality of the ciliates induced with measles virus; alongside with the
decreased mobility and retarded replication cycle they also observed
certain changes in the size and form of the protozoa in the cultures accom-
panied by reduction in number (to 29%)- Relying on this the authors
supposed that the penetration of measles virus into the organism of
T. pyriformis was followed not only by the replication of the former, but
also by the stimulation of the biosynthesis of hemagglutinative and
haemolytic factors as well as by increased activity of lipolytic enzymes.

According to Kovacs et al. (1967) and Kovacs (1969), deviations in
the life cycle and multiplication of T. pyriformis, S. cerevisiae and Candida
albicans occur also in case of the penetration of EMC-virus into their
cells. These deviations increase correspondingly to the virus titer in pro-
tista. Thus, for instance, the number of T. pyriformis in the cultures
induced with EMC-virus was in 24 hr on an average 20% and in 48 hr
even 45% smaller than in the control populations of ciliates. During that
time both the titer of the infectiousness of the virus and that of hemagglu-
tinative units per individual grew approximately twofold.

The next to succeed in proving that viruses can penetrate into proto-
zoan organism and replicate there was a group of scientists of the Proto-
zoology Departmant of Experimental Biology Institute of the Estonian
Academy of Sciences in Tallinn, who have been investigating the problem
since 1970.

They used mainly the method of direct immunofluorescence and cell
cultures to detect virus in the organism of protozoa.

At first 26 species of protozoa and five types of viruses were studied
(Teras et ah, 1974, 1977). Six species of the protozoa were parasitic
(Trichomonas vaginalis, T. tenax, Pentatrichomonas hominis, Trypano-
soma cruzi, Giardia duodenalis, Toxoplasma gondii), and 20 species were
free-living, five of which belonged to Sarcodina class ( Naegleria gruberi,
N. aerobia, N. fowleri, Amoeba proteus, A. dubia), 15 species to Ciliata
class {Coleps hirtus, Dileptus anser, Didinium nasutum, Tillina magna,
Tetrahymena pyriformis, Paramecium caudatum, P. multimicronucleatum,
P. jenningsi, P. aurelia, Climacostomum virens, Stentor coeruleus, Spi-
rostomum ambiguum, Blepharisma japonicum, Spirostomum minus, Con-
dylostoma sp.). All these species of protozoa were cultivated in widely
known media. The populations of Toxoplasma gondii were obtained from
the peritoneal exudate of infected white mice. Four types of viruses out
of the five used were RNA-viruses, three of which were picornaviruses
(Coxsackie B-3 and B-5, Echovirus-11) and one—ortomyxovirus (influen-
za A/H 3N2), of DNA-viruses adeno-3 was chosen. For the replication of
the ortomyxovirus 9—ll days old hen embryos were used, for other
viruses—cell cultures HEp-2 and Rh.

While examining possible associations, the authors added the suspen-
sion of one of the viruses to the medium with the protozoa population.
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After that the experimentally created system protozoon +virus was incu-
bated at the necessary temperature for 15 days, depending on species. The
results of the experiments were usually analyzed immediately after
establishing the system. For obtaining preliminary data, preparates for
direct immunofluorescent study were made from the protozoa induced
with viruses. Homologous virus-specific rabbit antisera marked with fluo-
rescein-isotiocyanate were used for that purpose. In order to prevent
possible non-specific fluorescence of the protozoa, the antisera were
treated with an acetonized powder, made from protozoa biomass. Having
first established that none of the protozoan species under examination
gave fluorescence after treatment with such virus-specific antisera, the
authors repeatedly studied all the 130 combinations (5 virus types and
26 protozoan species) of the experimentally created systems protozoon +

virus using the method of direct immunofluorescence.
It became evident that in 25 systems out of the 130 the protozoa mani-

fested fluorescence after having been incubated with viruses and then
treated with virus-specific antisera. This was detected only in nine out of
the 26 investigated species of protozoa (Table 1). Among these were
eight free-living species (belonging to the Ciliata class) and only one
parasitic ( Giardia duodenalis) . Fluorescence was observed more often in
the protozoa induced with either DNA-virus adeno-3 (in eight species), or
picornaviruses Coxsackie B-3 and B-5 (in seven species). After contact
with influenza virus, the virus-specific fluorescence was acquired only by
Climacostomum virens, and after contact with Echo-11 virus by
Dileptus anser and Tillina magna.

Experiments with Coxsackie B-3 and B-5 viruses produced analogical
results, which can be explained by a close similarity of these two types
of RNA-viruses. But the affinity of the protozoan species had no effect
on the results of these experiments, for related species of the Paramecium
family reacted to the contact with viruses in different ways. While no
type of virus caused any fluorescence in P. multimicronucleatum after
they had been incubated together, P. jenningsi and P. aurelia did give
virus-specific fluorescence after contracting adeno-3 virus and P. cauda-
tum —besides this virus also after contact with Coxsackies B-3 and B-5.
These data indicate to a strict species-specificity of interaction between
protozoa and viruses.

Table 1
Systems protozoon +virus in which the penetration of viruses into protozoa was detected

(Tepac, 1981; Teras et ai., 1977)

Type of virus used for inducing protozoa
Species of protozoa Cox. B-3 Cox. B-5 Echo-11 M. infl. A2 Adeno-3

Lamblia duodenalis + + +

Tetrahymena pyriformis + + - - +

Paramecium caudatum + + - - +

P. jenningsi - - - -
+

P. aurelia — — — -
+

Dileptus anser + + + - +

Tillina magna + + + - +

Climacostomum virens + + — + —

Condylostoma (sp.) + + —
— +

“
+

” penetration of the virus into protozoa was proved;
“—” penetration of the virus into protozoa was not detected.
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In order to elucidate whether the use of active or inactivated type of
viruses and live or killed cultures of protozoa for creating a system pro-
tozoon + virus influenced the appearance of the virus-specific fluorescence,
the authors carried out one series of experiments with live cultures of
P. caudatum and Coxsackie B-5 virus, inactivated by ultraviolet rays, and
another with ciliates killed by heating, freezing or formaline and
an active virus.

Fluorescence was not observed in either series of experiments, and the
authors carried out some extra studies on the effect of the widely known
inhibitors of the replication of viruses, adding leucocytic interferon, auran-
tine or guanidine to the cultures of P. caudatum before the inoculation of
viruses. It turned out that only the ciliates of the cultures to which leuco-
cytic interferon had been added gave fluorescence.

Therefore, all the data serve as evidence of the fact that virus-specific
fluorescehce, which appeared in nine species of the protozoa in all the 25
above-mentioned combinations of protozoon-fvirus systems, could be
caused only by the viruses penetrating into unicellular organisms.

As it seemed too rash to say anything certain about the replication of
viruses in these protozoa on the basis of the results of immunofluorescence
only, the authors watched simultaneously also the dynamics of the titer
of Coxsackie B-5 virus in system cultures with P. caudatum and T. pyri-
formis. In order to ascertain viral infection in these protozoa, both lysates
of the ciliates and supernatants of the system cultures were used for con-
taminating the cell cultures HEp-2. The experiments with P. caudatum
lasted for 11 and with T. pyriformis for 15 days; the titer of the virus
was determined every 24 hr.

The results revealed that the titer of the cytopathogenic effect (TCDSO)
of the lysates of the ciliates as well as the supernatants of the cultures
of both systems protozoon +virus exceeded at the end of the observation
period by far that of the control medium, which contained merely virus.
The titer remained almost at the initial level during the first experiment
with P. caudatum and T. pyriformis, increasing, though, even by 3 log
in the lysates of the ciliates during the second experiment with P. cauda-
tum.

These experiments proved that the penetration of Coxsackie B-5 virus
into the organisms of P. caudatum and T. pyriformis is followed by the
replication of the virus in these ciliates.

The authors regarded the results as preliminary, which would enable
to choose suitable models and work out necessary methods for further
study of the interaction between protozoa and viruses.

Alongside with T. pyriformis, the same group of researchers used also
Giardia lamblia as a model for investigating the relationships between
protozoa and viruses. The reason was the fluorescence-specificity of Cox-
sackie B-5 virus in these protozoa after their contact with that virus (see
Table 1). Having first elucidated the effect of G. lamblia on Coxsackie
B-5 virus on cell cultures, the following experiments showed that the
virus penetrated into this protozoon immediately after the system proto-
zoon + virus was established (Lakhonina et ah, 1981; Вахонина и др.,
1983). During these experiments the authors observed not only the per-
sistence of the virus, but also its replication in the new host. It was firstly
proved on the cell cultures by higher titers of cytopathogenicity of the
lysates of the protozoa induced with viruses, and secondly, by the rising
degree of pathogenicity of the same protozoon on intracerebrally infected
animals. Bearing in mind that after passaging G. lamblia in a virus-free
medium their lysates retained cytopathogenic action on cell cultures and
pathogenic effect on new-born mice, and taking into consideration the
fact of the reisolation of the virus from the protozoa subcultivated in a
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Table 2
Data on the experimentally investigated systems

protozoa + virus published in literature

Virus type Species of protozoa and type of interaction

1 2

Poliovirus Replication in: Telrahymena pyriformis (Koväcs and
Bucz, 1967);
Inactivation by: Entamoeba moshkovskii (Blawat and
Kowalska, 1963);
Indifferent to: Oikomonas (sp.), Monas (sp.), Bodo (sp.),
Pleuromonas (sp.), Uronema (sp.) (Evans and Ostcrud,
1946); Amoeba proteus (Toomey et ak, 1948); Acantha-
moeba castellani (Blawat and Kowalska, 1963; Baron et
al., 1980); A. hartmanelli (Mõse et al., 1970); Trypano-
soma gambiense, Leishmania donovani, Chilomastix mes-
nili, Entamoeba coli (Brutsaert et al., 1946); E. histoly-
tica (Young et al., 1949).

Coxsackie B-3 and B-5 Replication in: Dileptus anser, Paramecium caudatum,
Tillina magna, Tetrahymena pyriformis, Condylostoma
(sp.), Climacostomum virens, Giardia lamblia (Teras et
al, 1977);
Inactivation by: no data;
Indifferent to: Naegleria gruberi, N. fowleri, N. aerobia,
Amoeba proteus, A. dubia, Coleps hirtus, Didinium nasu-
tum, Paramecium aurelia, P. multimicronucleatum, P. jen-
ningsi, Spirosiomum ambiguum, S. minus, Blepharisma
japonicum, Sientor coerulues, Trypanosoma cruzi, Penta-
trichomonas hominis, Trichomonas tenax, T. vaginalis,
Toxoplasma gondii (Teras et al, 1977).

Echovirus 11 Replication in: Dileptus anser, Tillina magna (Teras et
al, 1977);
Inactivation by: no data;
Indifferent to: Naegleria gruberi, N. fowleri, N. aerobia,
Amoeba proteus, A. dubia, Didinium nasatum, Coleps
hirtus, Paramecium caudatum, P. aurelia, P. multimicro-
nucleatum, P. jenningsi, Tetrahymena pyriformis, Spi-
rostomum ambiguum, S. minus, Blepharisma japonicum,
Condylostoma (sp.), Stentor coeruleus, Trypanosoma
cruzi, Pentatrichomonas hominis, Trichomonas tenax,
T. vaginalis. Toxoplasma gondii (Teras et al, 1977).

Encephalomyocarditis virus
(Mengo virus)

Replication in: Tetrahymena pyriformis (Kovacs and
Bucz, 1967);
Inactivation by; no data;
Indifferent to: Trichomonas vaginalis (Eva et al, 1979).

Influenza virus Replication in: Climacostomum virens (Teras et al, 1977);
Inactivation by: Tetrahymena pyriformis (Groupe and
Pugh, 1952; Mõse et al, 1970; Perez-Prieto and Garcia-
Gancedo, 1975; Teras et al, 1977; Tepac, 1981), Naegle-
ria (sp.) (Knorr et al, 1956), Vahlkampfia Umax (.Bauer,
1961);
Indifferent to: Euglena gracilis, Astasia klebsi, Glaucoma
scintillans (Groupõ et al, 1955), Acanthamoeba castellani
(Mõse et al, 1970), Naegleria gruberi, N. fowleri, N. aero-
bia, Amoeba proteus, A. dubia, Didinium nasatum, Coleps
hirtus, Dileptus anser, Paramecium caudatum, P. aurelia,
P. multimicronucleatum, P. jenningsi, Tillina magna,
Spirosiomum ambiguum, S. minus, Blepharisma japoni-
cum, Condylostoma (sp.), Sientor coeruleus. Trypanosoma
cruzi, Pentatrichomonas hominis, Trichomonas tenax,
T. vaginalis, Toxoplasma gondii (Teras et al, 1977).
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Table 2 (continued)

1 1 2

Newcastle virus Replication in: Eimeria ienella, E. necairix (Sibalic et al.,
1978);
Inactivation by: Tetrahymena pyriformis (Groupe et al.,
1955);
indifferent to: no data.

Measles virus Replication in: Tetrahymena pyriformis (Koväcs and
Kolompar, 1969);
Inactivation by: no data;
indifferent to: no data.

Human adenovirus type 3 Replication in: Dileptus anser, Paramecium cauclatum,
P. aurelia, P. jenningsi, Tillina magna, Tetrahymena
pyriformis, Condylostoma (sp.), Giardia duodenalis (Te-
ras et al., 1977);
Inactivated by: no data;
Indifferent to: Naegleria gruberi, N. fowleri, N. aerobia,
Amoeba proteus, A. dubia, Didinium nasutum, Coleps
hirfus, Paramecium multimicronucleatum, Spirostomum
ambiguum, S. minus, Blepharisma japonicum, Stentor
coeruleus. Climacostomum virens, Trypanosoma cruzi,
Pentatrichomonas hominis, Trichomonas tenax, T. vagi-
nalis, Toxoplasma gondii (Teras et al, 1977).

Polyoma virus Replication in: Tetrahymena pyriformis (Koväcs 1967—

1968);
Inactivation by: no data;
Indifferent to: no data.

Vaccinia virus Replication in: no data;
Inactivation by: Tetrahymena pyriformis (Mõse et al.,
1970; Perez-Prieto and Garcia-Gancedo, 1975; Jareno
et al., 1985); Onychodromus acuminatus (Perez-Prieto
and Garcia Gancedo, 1981; Jareno, 1987);
Indifferent to: Acanthamoeba hartmanelli (Mõse et al.,
1970).

Cowpox virus Replication in: no data;
Inactivation by: Naegleria (sp.) (Knorr et al., 1956),
Vahlkampfia Umax (Bauer, 1961);
Indifferent to: no data.

Pseudorabies virus Replication in: no data;
Inactivation by: Trichomonas vaginalis (Chyle et al.,
1971);
Indifferent to: no data.

Blue tongue virus
(Arbovirus Theileri)

Replication in: no data;
Inactivation by: no data;
Indifferent to: Oikomonas (sp.), Monas (sp.), Bodo (sp.),
Pleuromonas (sp.), Tetrahymena pyriformis, Uronema
(sp.) (Evans and Osterud, 1946).

Sindbis virus, vesicular stoma-
titis virus, herpes 1 and 2 viruses

Replication in: no data;
Inactivation by: Tetrahymena pyriformis (Perez et al.,
1985);
Indifferent to: no data.

Coliphage Replication in: no data;
Inactivation by: Vahlkampfia Umax (Bauer, 1961);
Indifferent to: Naegleria (sp.) (Knorr et al., 1956).
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virus-free medium, the authors assume that the penetration of Coxsackie
B-5 virus into G. lamblia, as well as the penetration of the same virus
into T. pyriformis, has a constant character.

Except for the above-given complex experimental data on the penetra-
tion, replication and persistence of the mammalian viruses in the cell of
protozoa we could find but a few reports on this problem in literature.
So, Sibalic et al. (1978) carried out a comprehensive research for eluci-
dating the relationships between protozoa and viruses, including parasito-
logical, virological and serological methods of investigation, as well as
experiments in vivo. The authors used the Coccidia Eimeria tenella and
E. necatrix, and a vaccine strain of Newcastle virus, belonging to para-
myxovirus family, as a model. In their short report the authors state that
Newcastle virus is able to penetrate into Coccidia at any stage of endo-
genic development in hens, but the virus is detectable only in oocysts. It
remains active in them for at least eight months at 4°C. When inducing
the oocysts of E. tenella and E. necatrix to hens per os or parenterally,
both strains of Coccidia and Newcastle virus could be reisolated from
them. Unfortunately we did not find more detailed data on this research
in literature. Judging by the materials presented by the authors on the
Vlth International Congress of Protozoology in Warsaw, they appear to
be the first ones to have succeeded in establishing the induction of proto-
zoa with viruses in vivo.

Here we should also mention the work of Eva et al. (1979), who
detected the penetration of complete virus into the organism of a flagellate
in the experimentally created system Trichomonas vaginalis-fMengo
virus (EMC-virus). But attempts to infect trichomonads with the infectious
RNA of the virus failed. The penetration of the complete virus was not
followed by its replication and therefore the authors assumed that Mengo
virus does not develop in the organism of T. vaginalis because viral RNA
is not released or else it is not translated by the system of trichomonad
protein synthesis.

Although the data on the penetration, replication and persistence of
viruses in protozoa are still scarce, they provide enough convincing evi-
dence for treating protozoa as possible hosts of mammalian viruses,
and, consequently, also as potential sources and carriers of virus infections
of both man and animals, including those of natural foci. In studying the
ecology of viruses one should take into account alongside other factors
also possible associations of viruses with protozoa. Attention should like-
wise be paid to possible changes of genetic information of protozoa after
their interaction with viruses as a result of which free-living unicellular
organisms themselves may turn into pathogenic forms. This may occur
due to integration of RNA- or DNA-virus with protozoan genome as well
as in consequence of chromosome reorganization in the genetic material
of protozoa caused by mutagenous effect of viruses.

Conclusion

Beside the forms of interaction between protozoa and viruses discussed
above and in our three previous reports (Teras, Kesa 1988 a, b; 1989) the
existence of an indifferent form of relationships between unicellular orga-
nisms and viruses also deserves mentioning. As can be seen in Table 2,
compiled on the basis of literature, the majority of information was
received about those systems in which no interaction was observed between
protozoa and viruses. It should be born in mind that up to the present
only 17 types of viruses have been investigated, nine of which can
replicate or persist in the organism of protozoa and nine types are
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inactivated by protozoa. Therefore it becomes obvious that both these forms'
of interaction between protozoa and viruses work only in certain systems,
but not in any combination of protozoon + virus. Thus, only one out of the
17 investigated types of viruses, i. e. blue tongue (Theileri) virus, gave
indifferent systems of protozoon + virus. But even these data cannot be
considered final.

Mõse et ai. (1970) also agree that the detected indifference of protozoa
and viruses has to be treated carefully. They observed relationships of
Tetrahymena pyriformis and poliovirus for eight days, having detected
no replication or inactivation of the virus in the organism of this infusor,
they regarded that system as an indifferent one. But Kovacs and Bucz
(1967) discovered the replication of viruses in protozoa in the very same
system.

Thus, we cannot speak of the indifference of viruses to protozoa and,
vice versa, as of a certain biological phenomenon without taking into
consideration concrete circumstances. There is already some foundation
for the hypothesis that if not all the types of viruses, then at least the
majority of them have a corresponding species of a protozoon in their
environment, in the organism of which the given virus can either replicate
or persist, as well as a species of a unicellular organism which inacti-
vates namely this type of virus.

Judging by literary data, up to now three types of viruses out of the
17 investigated have been established to have such protozoa with the
opposite effect (Table 2).

Thus, according to experiments, poliovirus is able to replicate in the
organism of T. pyriformis (Kovacs and Bucz, 1967), whereas in the me-
dium containing Entamoeba moshkovskii it is inactivated (Blawat and
Kowalska, 1963). Influenza virus, which most probably replicates in the
organism of Climacostomum virens (Teras et ai., 1977), is, in turn,
inactivated in T. pyriformis (Groupe and Pugh, 1952; Knorr et ah, 1956;
Mõse et ah, 1970; Teras et ah, 1974; Perez-Prieto and Garcia-Gancedo,
1975) as well as in Vahlkampfia Umax and Naegleria (sp.) (Knorr et ah,
1956).

Newcastle virus is inactivated in the organism of T. pyriformis
(Groupe et ah, 1955), but replicates in the organism of Eimeria tenella
and E. necatrix (Sibalic et ah, 1978).

Because of lack of valid data and even hypotheses on the mechanisms
of the replication and persistence of viruses in a protozoan organism and
likewise of the inactivation of viruses by unicellular organisms, it cannot
yet be explained why one and the same protozoan species appears to be
a host for one type of virus and intensively inactivates another. But
still, despite all this as well as the fact that the problem of the interaction
of protozoa with viruses has been comparatively little studied and is
mainly at the level of phenomenology, even on the basis of the results
obtained, there is no doubt about the enormous practical and theoretical
value of the investigation of this problem.

Beside elucidating possible roles of protozoa in the ecology of viruses,
the spread of virus infections and clearing water reservoirs and sewage
water from viruses, investigation of the interaction between protozoa and
viruses can certainly provide valuable information on the mutagenesis,
genetics, pathogenicity and changeability of biological properties of both
protozoa and viruses as well as clarify some essential problems of the
pathogenesis and immunology of protozoan diseases of man, animals,
birds, and fish. No doubt, in the near future the model protozoon + virus
will become an essential model also in molecular biology, including bio-
technology.
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Jüri TERAS, Leida KESA
ALGLOOMADE JA VIIRUSTE VAHEKORD

4. Algloomad kui imetajate viiruste peremehed

Märkimisväärsete edusammude tõttu algloomade viiruste, algloomades leiduvate vii-
rusesarnaste partiklite ja tsütopatogeense materjali, samuti algloomade kui viiruste
inaktiveerijate uurimisel (autorid on käsitlenud neid teemasid oma artikli kolmes publit-
seeritud osas; Teras, Kesa, 1988 a, b; 1989) on viimastel aastatel hakatud taas tähelepanu
pöörama ka algloomadele kui imetajate viiruste võimalikele reservuaaridele.

Alguse sai selle probleemi uurimine juba umbes 50 aastat tagasi, ajendiks rootsi
viroloogi C. Klingi ja tema kaastöötajate artiklid (Kling jt. 1942 a, b), milles autorid,
analüüsides polioviiruse pideva leidumise põhjusi poliomüeliidi epideemia vahelistel peri-
oodidel Stockholmi kinnise kanalisatsioonisüsteemi heitvetes, püstitasid hüpoteesi polio-
viiruse võimalikust ja tõenäolisest replitseerumisest kanalisatsioonitorustikes elunevates
algloomades.

C. Klingil ja tema kaastöötajatel endil seda hüpoteesi tõestada ei õnnestunud, kuid
nende töö leidis poliomüeliidi erakordse aktuaalsuse tõttu sel perioodil siiski vajalikku
tähelepanu. Samaaegselt polioviirust sisaldavate algloomade otsimisega reovetes püüti
selgitada ka eksperimentaalselt, kas ja millistes algloomades see viirus replitseeruda ja
persisteeruda üldse võib (Evans, Osterud, 1946; Brutsaert jt., 1946; Toomey jt., 1948;
Young jt., 1949).

Tõestuse leidis hüpotees imetajate viiruste penetreerumisest algloomadesse alles
25 aastat pärast C. Klingi ja tema kaastöötajate artiklite publitseerimist. Nii õnnestus
Kanada teadlastel eesotsas E. Koväcsiga kindlaks teha, et mitte ainult kompleetne viirus,
vaid isegi selle infektiivne RNA ja DNA on suutelised sisenema algloomadesse ja seal
tõenäoselt ka replitseeruma (Koväcs, Kolompar, 1969). Selliste viiruste hulgas olid nii
polioviirus ja sellega väga sarnane entsefalomüokardiidi viirus kui ka onkogeense viiru-
sena tuntud polioomiviirus.

Tähelepanuväärseid tulemusi on imetajate viiruste ja algloomade vahekorra uurimisel
eksperimentaalsetel mudelitel saadud ka Eesti Teaduste Akadeemia Eksperimentaalbioloo-
gia Instituudi protozooloogia osakonnas. Sellesuunaliste tööde algetapil püüti leida sobi-
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vaid mudeleid nii RNA- kui ka DNA-viiruste uurimisel nii vabalt elavate kui ka parasi-
teerivate algloomade hulgas. Uuringud tehti algloomade 26 liigi ja viiruste 5 tüübiga,
kusjuures algloomade 20 liiki olid vabalt elavad, ülejäänud 6 parasitaarsed.

Kasutades vahekorra algloom—viirus uurimiseks rakukultuure ja immunofluorestsents-
meetodit tehti eksperimentaalselt in vitro loodud 130 süsteemis penetreerumine algloo-
madesse kindlaks 25 süsteemis (Tepac jt., 1976).

Edasistest uuringutest, milleks kasutati peamiselt Coxsackie B-5-viirusega eksperimen-
taalselt indutseeritud T. pyriformis'e ja Giardia lamblia mudeleid, selgus, et see viirus
ei ole suuteline mitte ainult tungima algloomadesse, vaid seal ka replitseeruma ja per-
sisteeruma, säilides selliselt algloomas infektsioonivõimelisena väga kaua.

Algloomade vahekorda imetajate viirustega on uuritud ka mitmesugustel teistel
mudelitel, kusjuures on selgunud, et see vahekord oleneb väga suurel määral alglooma
liigist ja viiruse tüübist. Seda illustreerib kujukalt artikli lõpul esitatud tabel, mis on
koostatud kirjanduses leiduvate andmete põhjal imetajate viirustega eksperimentaalselt
nakatatud algloomade uurimistulemuste kohta.

Юрий TEPAC, Лейда KECA
ВЗАИМООТНОШЕНИЯ МЕЖДУ ПРОСТЕЙШИМИ И ВИРУСАМИ

4. Простейшие как хозяева вирусов млекопитающих

В значительной мере благодаря заметным успехам исследований вирусов простей-
ших, вирусоподобных частиц и цитопатогенного материала, обнаруженных в простей-
ших, а также простейших как инактиваторов вирусов, рассмотренных нами уже ранее
(Teras, Kesa, 1988а, b; 1989), в последние годы стали уделять внимание простейшим,
как возможным резервуарам вирусов млекопитающих.

Исследование этой проблемы было начато около 50 лет назад. Поводом для этого
послужили статьи шведского вирусолога К. Клинга и его сотрудников (KHng et ai.,
1942а, b), в которых авторы, анализируя причины постоянного обнаружения полиови-

руса в межэпидемические периоды в сточных водах закрытой канализационной системы
Стокгольма, выдвинули гипотезу о возможной и вероятной репликации полиовируса в
обитающих в канализационных трубах простейших.

К. Клингу и его сотрудникам самим не удалось доказать эту гипотезу, однако их
работе, благодаря особой актуальности проблемы полиомиелита в то время, было уде-
лено необходимое внимание. Одновременно с поисками в сточных водах простейших,
содержащих полиовирус, были предприняты попытки выяснить также и эксперимен-
тально, может ли вообще и в каких простейших этот вирус реплицироваться и пер-
систировать (Evans, Osterud, 1946; Brutsaert et ai., 1946; toomey et ai., 1948; Young
et ai., 1949).

Гипотеза о пенетрации вирусов млекопитающих в простейшие была доказана лишь
спустя 25 лет после опубликования статей К. Клинга и его сотрудников. Так, канадским
ученым во главе с Е. Ковачем удалось установить, что не только комплетный вирус, но
даже инфективные РНК и ДНК последнего способны проникать в простейшие и, веро-
ятно, реплицироваться в них (Koväcs, Kolompar, 1969). К числу таких вирусов отно-
сится как полиовирус и очень схожий с ним вирус энцефаломиокардита, так и онкоген-
ный вирус полиомы.

Заметные успехи в исследовании взаимоотношений вирусов млекопитающих и
простейших получены также в отделе протозоологии Института экспериментальной био-
логии Академии наук Эстонии на модельных объектах.. На начальном этапе этих иссле-
дований изыскивались подходящие модели РНК- и ДНК-вирусов для опытов как со
свободноживущими, так и паразитическими простейшими. Исследования были прове-
дены с 26 видами простейших и 5 типами вирусов, среди которых 20 видов простейших
были свободноживущими, остальные шесть паразитическими.

Для исследования взаимоотношений простейшее—вирус были использованы куль-
туры клеток и метод иммунофлуоресценции, с помощью которых из 130 эксперимен-
тально созданных in vitro систем пенетрация вирусов в простейшие была установлена в
25 (Терас и др., 1977).

Из дальнейших опытов, в которых в основном в качестве моделей использовали
Т. pyrifonnis и Giardia lamblia, экспериментально индуцированные вирусом Coxsackie
В-5, выяснилось, что этот вирус способен не только пенетрировать в простейшие, но и
реплицироваться и персистировать в них, сохраняясь, таким образом, в простейших
ннфекционноспособным очень долго.

Взаимоотношения между простейшими и вирусами млекопитающих исследовались
также и на некоторых других моделях, причем выяснилось, что эти взаимоотношения в
очень большой мере зависят от вида простейшего и типа вируса. Наглядно это иллю-
стрирует таблица, составленная на основе имеющихся в литературе данных о резуль-
татах исследования простейших, экспериментально ифицированных вирусами млекопи-
тающих.
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	Fig. 2. Micromacrorhythms, Tenthredinidae gen. sp., /=25 °C, respiration level 0.70 mm3 02/mg/h.
	Fig. 3. Microrhythms with micromacrorhythms, Galleria mellonella. A on the left a group of microrhythms can be seen. В magnified microrhythms, t—2B°C, respiration level 0.60 mm3 02/mg/h.
	Fig. 4. Microrhythms with C02 macrorhythms, Coccinella septempunctata pupae, /=25 °C, respiration level 1.96 mm3 02/mg/h.
	Fig. 5. Carbon dioxide macrorhythms, Dermestes lardarius, t—2o °C, respiration level 0.45 mm3 02/mg/h.
	Untitled
	Fig. 6. Life-time changes in rhythms, Dermestes lardarius. A 2 days before adult molting; В 1 day before adult molting; C 1 day after adult molting; D 2 days after molting; E 6 days after molting; F 12 days after molting.
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	HIBERNATION PECULIARITIES AND COLD-HARDINESS OF THE GREAT SPRUCE BARK BEETLE, DENDROCTONUS MICANS KUG.
	PROTEIN DEGRADATION AS A SOURCE OF PRECURSORS FOR FLAVONOID BIOSYNTHESIS IN BUCKWHEAT COTYLEDONS
	Fig. 1. Changes in the content and radioactivity of proteins in' buckwheat cotyledons fed with 14C-,L-p(henylalanine during the first 16 hr of the experiment and incubated thereafter in cold phenylalanine. A insoluble proteins, В soluble proteins; solid lines content, broken lines radioactivity.
	Fig. 2. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids (sum of rutin, orientin, isoorientin, vitexin, and isovitexin); 2 insoluble proteins; 3 soluble proteins.
	Fig. 3. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 4. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 5. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.

	МИКОБИОТА ГУМИНОВЫХ ОЗЕР ЭСТОНИИ
	Untitled
	Untitled
	Untitled
	Untitled
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	A CYTOCHEMICAL STUDY OF SOME PHOSPHATASES IN THE TISSUE CYSTS OF SARCOCYSTIS BOVICANIS FROM BOVINE HEART
	Fig. 1. Reaction to APase after Gomori in tissue cysts of 5. bovicams. A weak reaction can be seen in the cyst wall (cw) and septa (s). The staining of the host tissue (HI) and cyst stages (CS) is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 2. Same as Fig. 1. Magnification 100x3.2x2.5. Fig. 3. Reaction to ATPase in cyst stages (CS), septa (s) and cyst wall (cw) is comparable to that in the host tissue (FIT). Magnification 100x3.2x2.5. Fig. 4. Reaction to GOPase is seen in the cyst stages (CS), septa (s) and cyst wall (cw). Reaction in the host tissue (FIT) is extremely weak. Magnification 100x3.2x2.5. Fig. 5. The Gomori reaction to AcPase can be seen in septa (s) and cyst wall (cw). The staining of cyst stages and host tissue is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 6. Reaction to AcPase is seen in the outer membrane of the cyst wall (me), in the cyst wall (cw) and septa (s). In cyst stages the reaction is seen on the membranes of the inner membrane complex (i). In the metrocyte (MC) the reaction is seen also in the vacuolar structures (V). The reaction is also seen in the places of degenerative processes (DP). Magnification 7500 –
	Fig. 7. The reaction product of AcPase is seen in the cyst wall protrusions (cp), on the membrane of the cyst wall (me), in the cyst wall (cw), and in the cyst stages around the micronemes (mn). Magnification bOOOX. Fig. 8. A reaction on the inner membrane complex (i) of the apical part of a mcrozoile, in the ducts of the rhoptries (rd), on the rhoptry (ro) surface and around micronemes. Magnification 7000 X. Fig. 9. Reaction in the mitochondrion cristae (M). Magnification 13000 X.
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	Рис. 2. Р. argent ea. Рис. 4. Р. argenteo.
	Рис, 1, Р. subarenar/a.
	Untitled
	Рис. 3. Р. supina. Рис. 5. Р. fruiicosa.
	Untitled
	Рис. 6. Р. leucQOöU tana.
	Рис. 8. Я arenaria.
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	Рис.7. Р. erecta,
	Рис. 9. Я subarenarla, Рис. 11. Я bit иг со. Рис. 10, Я crafttziL
	Puc.l2. P. anserina.
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	Рис. 15. Fragariq vesca. .Рус,,]%subUs 'chamaemorus
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	Рис. 18,'AlchemiHa wichurae.
	Рис.2o.Rosa mojalis. – POc. 22. Sanouisorba officinalis,
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	Рис. 19 .FKJpendula и (maria. Рис. 21. Agriroonia eupaforia.'
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	Fuc, 25. Р. argentea.
	Рис. 24. Р. доШЬасЫК
	Untitled
	Рис. 26. Р. arenaria. Pup, ZZ Р argentea. Рис, 28. R arg&nt&a.
	Рис. 23. Р. goidbachil.
	Рис. 31, R taöernaemontani.
	■Рис. 33. Р. anserine. ■■
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	Рис.32.R erecta.
	Рис. 30. P. crantzii. Рис. 34- Я fru'tJcosa.
	THE RELATIONSHIPS BETWEEN PROTOZOA AND VIRUSES 4. PROTOZOA AS HOSTS OF MAMMALIAN VIRUSES
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	DIFFERENT APPROACHES TO AND RECENT DEVELOPMENTS IN THE SYSTEMATICS AND CO-EVOLUTION OF THE FAMILY HETERO DERI DAE (NEMATODA : TYLENCHIDA) WITH HOST PLANTS
	Fig. 1. Phylogenetic tree of the subfamilies and genera of the family Heteroderidae (after Wouts, 1985).
	Fig. 2. Host specificity of the species of Heteroderidae with respect to plant groups in accordance with phylogenetic relations of the orders of angiosperms as outlined by Grossgeim (1945). After Krail, 1989 (emend.).
	Fig. 3. Host specificity of the species of Heteroderidae with respect to plant groups in accordance with phylogenetic relations of the orders of angiosperms as outlined by Takhtadzhyan (1970). After Krail, 1989 (emend.).

	NEW RECORDS OF MYXOMYCETES IN ESTONIA
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	A LIGHT AND ELECTRON MICROSCOPIC STUDY OF DEGENERATING SARCOCYSTIS BOVICANIS TISSUE CYST FROM BOVINE HEART
	Fig. 1. A degenerating tissue cyst of Sarcocystis bovicanis. On the poles of the cyst (C) the infiltration of host cells (ih) into the muscle tissue (HT) is seen. Magnification 10x3.2x2.5. Fig. 2. A fragment of a tissue cyst divided by septa (s) to chambers where some cyst stages (CS) can be seen including the mctrocytes (me). The cyst is surrounded by a layer of dense material (DM). Magnification 100x3.2x2.5. Fig. 3. The cyst wall (cw) is covered by a layer of dense material. The material of the cyst wall and the septa (s) have become diffuse. A group of degenerating metrocytes (me) can be seen. Magnification 2000 X. Fig. 4. Around the cyst the remainders of degenerating myofibers (HT) can be seen with the proposed Z-discs (Z) and the covers of the host cell (he). A lot of collagen fibers (F) are seen in the host tissue. Magnification 3500 –
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	Illustrations
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	Динамика численности гетеротрофных микроорганизмов в микроэкосистеме (/ и 2 номера вариантов, N количество клеток в мл).
	Среднесуточные температуры в вегетационных сосудах на протяжении опыта. 1 23 25 °С; 2 12—15,5 °С; 3 10,3—12,7 °С.
	Рис. 1. Расположение биостратиграфически изученных озер и болот на о-ве Сааремаа. А граница Анцилового озера; L Литоринового моря, him Лимниевого моря (по X. Кессел), озера: 1 Каруярв; 2 Мудаярв; болота: 3 Пелисоо; 4 Ярвесоо; 5 Охтья; 6 Питкасоо.
	Рис. 2. Расположение геологического разреза и биостратиграфическн изученных скважин на озере Каруярв. 1 береговой уступ; 2 береговой вал, 3 скважины; 4 биостратиграфически изученные скважины.
	Untitled
	Рис. 3. Геологический разрез донных отложений оз. Каруярв (местоположение см. рис. 1). ,1 сапропель; 2 сапропель с субфоссильными моллюсками; 3 тонкие прослои сапропеля и озерной извести; 4 алеврит; 5 гравий; 6 морена. Рис. 4. Геологический разрез болота Пелисоо. 1 заторфованная почва; 2 верхо-РЫЙ торф; 3 низинный торф; 4 сапропель; 5 озерная известь; 6 песок; 7 куски древесины; 8 песок с крупным детритом.
	Рис. 5. Спорово-пыльцевая диаграмма болота Пелисоо. Анализы А. Сарв. 1 сфагново-пушицевый торф; 2 гипново-тростниковый торф; 3 тростниковый торф; 4 сапропель; 5 озерная известь; 6 глинистый песок; 7 пыльца сосны; 8 березы; 9 ели 10 ольхи; ,11 широколиственных пород; 12 древесных пород; 13 травянистых растений; 14 споры.
	Рис. 7. Спорово-пыльцевая диаграмма донных отложений оз. Каруярв (Анализы А. Сарв). 1 вода; 2 сапропель; 3 известковистый сапропель; 4 песчанистый сапропель; 5 песок; 6 пыльца сосны; 7 березы, 8 ели, 9 ольхи, 10 широколиственных пород; 11 древесных пород; 12 травянистых растений; 13 споры
	Рис. 8. Диатомовая диаграмма профундальной колонки оз. Каруярв (Анализы Е. Вишневской). Вместо количества створок должно быть количество видов.
	Рис. 9. Диатомовая диаграмма литоральной колонки оз. Каруярв (Анализы Е. Вишневской). Вместо количества створок должно быть количество видов.
	Joon. 1. Peipsi järve suurte karpide keskmine arvukus ja biomass (esimesed kolm tulbarühma on arvutatud põhjaammutiproovide põhjal, viimased raamiproovide põhjal). Рис. 1. Средняя численность и биомасса крупных двустворчатых в Псковско-Чудском озере. (Первые три группы столбиков на основе дночерпательных проб, последние три на основе рамочных проб.) Fig. 1. The average abundance and biomass of big clams of L. Peipsi (the first three groups of columns calculated on the basis of grab samples, the remaining on frame samples).
	Joon. 2. Peipsi järve bioressursse suvel (toorkaalus, tuhat tonni). 1 fütoplankton, 2 rändkarp, 3 bakterplankton, 4 zooplankton, 5 suurtaimed, 6 põhjaloomad, 7 kalad. Рис. 2. Биологические ресурсы Псковско-Чудского озера летом (сырой вес, тыс. т): / фитопланктон; 2 дрейссена; 3 бактериопланктон; 4 зоопланктон; 5 макрофиты; 6 зообентос; 7 рыбы. Fig. 2. Biological resources of L. Peipsi in summer (wet weight, thous. t.). 1 phytoplankton, 2 Dreissena, 3 bacterioplankton, 4 zooplankton, 5 macrophytes, 6 zoobenthos, 7 fishes.
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	Fig. 3. I—s: Embolocephalus nikolskyi, Popov Island (/ anterior end; 2 pectinate and hair seta; 3 ventral setae of II; 4 ventral seta of V; 5 posterior ventral seta). 6—B: Tubificidae gen. sp. N 1, Komarovka (6 pectinate seta; 7 posterior dorsal bifid seta; 8 anterior ventral seta). 9—10: Tubificidae gen. sp. N 2, Popov Island (9 dorsal setae; 10 ventral seta). 11—12: Tubificidae gen. sp. N 3, Komarovka {ll anterior end; 12 seta).
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	Fig. J. C-banded karyotype of the Estonian breed of the Japanese quail ПОО'-"! 5v ХI2.SХЮ). v -•-
	Fig. 2, Idiugram of macrochromosoines of ths Estonian quail (C-bandin<o HOOxlGv X 12.5x10). °; 1 '
	Fig. 3. The Ist pair of autosomes of the Estonian quail. C-polymorphism of the centromeric region.
	Fig. 4. Conjugation of the 3rd autosome with a microchromosome (indicated by arrows) (100X1.5X12.5X10).
	Pig. 5. Conjugation of the 2nd and Ills 3rd autosomes (indicated by arrows) (IOOxI.SX X12.5X10).
	Growth of recombinant Escherichia coli Kl 2 KBO2 in continuous culture on Luria-Bertani medium without antibiotics. At the moment time = 0, flow (dilution rate D = 0.5h-1) was started. The inoculum was grown under antibiotic pressure.
	Денситограмма сывороток венозной крови (А), грудной лимфы (В) и шейной лимфы (С) овец. 1 А; 2 ПА-1; 3 ПА-2; 4 Т; 5 ПТ-1; 6 ПТ-2; 7 ИГ; <9 МГ.
	Влияние линолевой (Л) и олеиновой (Б) кислот на экто-АТФазную активность клеток бурсы Фабриция (I), тимоцитов (2) и эритроцитов (3) цыплят.
	Гениталии самца Eupithecia persuastrix Mironov, sp. n. a общий вид; б эдеагус; в VIII стернит.
	Lake Peipsi-Pihkva * Озеро Псковско-Чудское
	Untitled
	Joon. 1. Hapniku kontsentratsioon, vee küllastumus hapnikuga ja vee keskmine tempe ratuur kuus aastail 1974—1983 eri sügavustes. Joon. 2. Lahustunud hapniku keskmise kontsentratsiooni ja keskmise temperatuuri vertikaalne jaotumus.
	Рис. 1. Места отбора проб в пределах Матсалуского государственного заповедника
	Рис. 2. Содержание БаП в донных отложениях Матсалуского залива
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	Рис. 4. Содержание БаП в некоторых видах рыб Матсалуского и Пярнуского залива (цифрой отмечено количество проб).
	Fig. 1. Trace metal concentrations in different size groups of Mesidotea entomon
	Fig, 2. Trace metals in Mesidotena entomon sampled at different time,
	Fig. 3. Trace metal concentrations in Mesidotea entomon sampled in different areas.
	Untitled
	Untitled
	Untitled
	Fig. 1. Mctaphasc of Donaldson strain rainbow trout (2n = 60). Fig. 2. Metaphase of local strain rainbow trout (2n = 58).
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	Рис. 1. Кинетика роста числа клеток с фенотипом Рго+ (точная эксцизия) в условиях длительной инкубации штаммов при 4—6°С: / ЕСК 100-5 (гес+), 2 ЕСК 086-5 (гесАбб), 3 ЕСК 107-5 (Ш). Рис. 2. Кинетика роста числа клеток с фенотипом Рго+ (точная эксцизия) в условиях длительной инкубации штаммов при 4—6 °С; 1 ЕСК 100-10 (гес+), 2 ЕСК 086-10 (гесАбб), 3 ЕСК 107-10 (Ш).
	Рис. 3. Кинетика роста числа клеток с фенотипом Рго+ (точная эксцизия) в условиях длительной инкубации штаммов при 4—6°С: 1 ЕСК-ЮО-9 (гес+), 2 ЕСК 086-9 (гесАбб), 3 ЕСК 107-9 (Ш).
	Влияние стрессорных воздействий на нормотензивных и гипертензивных крыс. 1 Исходный уровень в покое; 2 иммобилизация в пенале; 3 электрокожное раздражение; 4 растяжка на спине.
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	Рис. 5. ▲ -E.casianea, 0-Е. danlca, ш – Е. deleta. Рис, 7. А Е. deubeli, • – Е. fuss/, и-Е. [aeviuscula.
	Untitled
	Рис.2. А.-Е. adumbrate, 0-Е. angustula. Рис.l. ▲ -E.melanocephala, 9-E.limbata, ■ -Е.guttata.
	Pug. 4. А-£ biguttata, • -Е. binot ata, т-Е. bore olla. Рис.З. • -£► ЫскЬагсШ.
	Рис. 6.0 – E.depressa,
	Рис. B.# – Е. melina, А – Е. muehli.
	Рис, 9.0 —Е. negtecta, А-Е. oblonga, в – E.opallzans.
	Рис. 11. А-Е. placida, ®-Е.рудтаеа,
	Рис. 13 .e-E.silacQa, A- E.silesiaca. Puc.15.8-E. unicolor.
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	Рис. 10.* – E.pallescens.
	Рис. 12.# -Е. rufomarginata.
	Рис, 14. в – Е. torminalis, ' А -Е. thoracica.
	Рис. 16. в- Е. vari egota.
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	Рис. 29. Видовое обилие Еригаеа по месяцам.
	Рис. 30. Численность Еригаеа по месяцам.
	Численность адультных самок картофельной нематоды в корнях картофеля 'Сулев' (в процентах от контроля) при различной обеспеченности растений питательными элементами (минус недостаток, плюс избыток).
	Fig. 1. Microrhythms, Pterostichus coerulescens, t=2o °C, respiration level 1.30 mm3 02/mg/h.
	Fig. 2. Micromacrorhythms, Tenthredinidae gen. sp., /=25 °C, respiration level 0.70 mm3 02/mg/h.
	Fig. 3. Microrhythms with micromacrorhythms, Galleria mellonella. A on the left a group of microrhythms can be seen. В magnified microrhythms, t—2B°C, respiration level 0.60 mm3 02/mg/h.
	Fig. 4. Microrhythms with C02 macrorhythms, Coccinella septempunctata pupae, /=25 °C, respiration level 1.96 mm3 02/mg/h.
	Fig. 5. Carbon dioxide macrorhythms, Dermestes lardarius, t—2o °C, respiration level 0.45 mm3 02/mg/h.
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	Fig. 6. Life-time changes in rhythms, Dermestes lardarius. A 2 days before adult molting; В 1 day before adult molting; C 1 day after adult molting; D 2 days after molting; E 6 days after molting; F 12 days after molting.
	Fig. 1. Changes in the content and radioactivity of proteins in' buckwheat cotyledons fed with 14C-,L-p(henylalanine during the first 16 hr of the experiment and incubated thereafter in cold phenylalanine. A insoluble proteins, В soluble proteins; solid lines content, broken lines radioactivity.
	Fig. 2. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids (sum of rutin, orientin, isoorientin, vitexin, and isovitexin); 2 insoluble proteins; 3 soluble proteins.
	Fig. 3. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in water. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 4. Changes in the content of flavonoids and proteins of buckwheat cotyledons given a 1-hr 14C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Fig. 5. Incorporation of labelled phenylalanine into flavonoids and proteins of buckwheat cotyledons given a 1-hr I4C-L-phenylalanine pulse and incubated thereafter in cold phenylalanine. 1 flavonoids, 2 insoluble proteins, 3 soluble proteins.
	Untitled
	Fig. 1. Reaction to APase after Gomori in tissue cysts of 5. bovicams. A weak reaction can be seen in the cyst wall (cw) and septa (s). The staining of the host tissue (HI) and cyst stages (CS) is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 2. Same as Fig. 1. Magnification 100x3.2x2.5. Fig. 3. Reaction to ATPase in cyst stages (CS), septa (s) and cyst wall (cw) is comparable to that in the host tissue (FIT). Magnification 100x3.2x2.5. Fig. 4. Reaction to GOPase is seen in the cyst stages (CS), septa (s) and cyst wall (cw). Reaction in the host tissue (FIT) is extremely weak. Magnification 100x3.2x2.5. Fig. 5. The Gomori reaction to AcPase can be seen in septa (s) and cyst wall (cw). The staining of cyst stages and host tissue is caused by light green understaining. Magnification 40x3.2x2.5. Fig. 6. Reaction to AcPase is seen in the outer membrane of the cyst wall (me), in the cyst wall (cw) and septa (s). In cyst stages the reaction is seen on the membranes of the inner membrane complex (i). In the metrocyte (MC) the reaction is seen also in the vacuolar structures (V). The reaction is also seen in the places of degenerative processes (DP). Magnification 7500 –
	Fig. 7. The reaction product of AcPase is seen in the cyst wall protrusions (cp), on the membrane of the cyst wall (me), in the cyst wall (cw), and in the cyst stages around the micronemes (mn). Magnification bOOOX. Fig. 8. A reaction on the inner membrane complex (i) of the apical part of a mcrozoile, in the ducts of the rhoptries (rd), on the rhoptry (ro) surface and around micronemes. Magnification 7000 X. Fig. 9. Reaction in the mitochondrion cristae (M). Magnification 13000 X.
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	Рис. 2. Р. argent ea. Рис. 4. Р. argenteo.
	Рис, 1, Р. subarenar/a.
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	Puc.l2. P. anserina.
	Untitled
	Рис. 16. Сотагит palus tre,
	Untitled
	Untitled
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	Рис. 26. Р. arenaria. Pup, ZZ Р argentea. Рис, 28. R arg&nt&a.
	Рис. 23. Р. goidbachil.
	Рис. 31, R taöernaemontani.
	■Рис. 33. Р. anserine. ■■
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	Рис.32.R erecta.
	Рис. 30. P. crantzii. Рис. 34- Я fru'tJcosa.
	Fig. 1. Phylogenetic tree of the subfamilies and genera of the family Heteroderidae (after Wouts, 1985).
	Fig. 2. Host specificity of the species of Heteroderidae with respect to plant groups in accordance with phylogenetic relations of the orders of angiosperms as outlined by Grossgeim (1945). After Krail, 1989 (emend.).
	Fig. 3. Host specificity of the species of Heteroderidae with respect to plant groups in accordance with phylogenetic relations of the orders of angiosperms as outlined by Takhtadzhyan (1970). After Krail, 1989 (emend.).
	Fig. 1. A degenerating tissue cyst of Sarcocystis bovicanis. On the poles of the cyst (C) the infiltration of host cells (ih) into the muscle tissue (HT) is seen. Magnification 10x3.2x2.5. Fig. 2. A fragment of a tissue cyst divided by septa (s) to chambers where some cyst stages (CS) can be seen including the mctrocytes (me). The cyst is surrounded by a layer of dense material (DM). Magnification 100x3.2x2.5. Fig. 3. The cyst wall (cw) is covered by a layer of dense material. The material of the cyst wall and the septa (s) have become diffuse. A group of degenerating metrocytes (me) can be seen. Magnification 2000 X. Fig. 4. Around the cyst the remainders of degenerating myofibers (HT) can be seen with the proposed Z-discs (Z) and the covers of the host cell (he). A lot of collagen fibers (F) are seen in the host tissue. Magnification 3500 –
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