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PROTEIN DEGRADATION AS A SOURCE
OF PRECURSORS FOR FLAVONOID BIOSYNTHESIS

IN BUCKWHEAT COTYLEDONS

Intracellular pools of L-phenylalanine, the principal precursor of
flavonoids and most other phenolics, are not homogenous in their meta-
bolic origin. Phenylalanine molecules primarily formed via the shikimic
acid pathway may, instead of being used for protein biosynthesis, be
channelled into phenolic pathway after their deamination. At the same
time phenylalanine units are continuously released from proteins during
their catabolism. It has been suggested that released amino acids are not
returned to the protein precursor pool (Bidwell et ah, 1964; Huffaker,
Peterson, 1974; Becker et ah, 1981) but are reused in other syntheses.
This assumption is supported by the investigations where precursors of
some secondary products have been shown to originate, apparently, from
protein breakdown. For example, the main source of labelled L-phenyl-
alanine for alkaloid synthesis in Penicillium cyclopium in long-term chase
experiments was supposed to be protein degradation (Nover, 1979). As for
higher plants, differences in the half-life of chlorogenic acid formed
from exogenous labelled cinnamic acid and phenylalanine in Xanthium
leaves suggested that breakdown of proteins provided a source of pre-
cursor for chlorogenic acid biosynthesis (Taylor, Zucker, 1966).

The first attempts to differentiate quantitatively phenylalanine of
primary (derived directly from the shikimic acid pathway) origin from
that of secondary (derived from protein breakdown) origin used in the
formation of flavonoids were made in our laboratory (Margna et al.,
1989). Buckwheat seedlings were treated with two inhibitors which are
able to block selectively the formation of aromatic amino acids and
deamination of phenylalanine. A comparison of levels of shikimate, free
phenylalanine, and flavonoids in the treated tissues provided data on the
pool sizes of both primary and secondary phenylalanine, and allowed us
to make conclusions on the production of flavonoids from these meta-
bolically different precursor pools.

So far no data are known on the direct measurements of protein turn-
over in buckwheat seedlings, except for a study on the breakdown of
storage protein in germinating buckwheat seeds (Дунаевский, Белозер-
ский, 1988). The main storage component of these seeds, 13S globulin,
has been shown to undergo a complete degradation within the first 4 days
of germination. However, the question whether catabolism of newly
synthesised proteins may be sufficient to contribute significantly to flavo-
noid biosynthesis remains at present unanswered.

The aim of the present work was to follow changes in the content and
radioactivity of both soluble and insoluble proteins of buckwheat seedlings
and to compare these changes with the corresponding data on flavonoids
in order to estimate the role of protein degradation in flavonoid bio-
synthesis.
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Material and methods

Plant material
The experiments were carried out with isolated buckwheat (Fago-

pyrum esculentum Moench cv. Victoria) cotyledons excised from 80-hr-old
etiolated seedlings grown in water. The detached cotyledons were
incubated in a phytotron (continuous light from white fluorescent tubes,
fluence rate 28 W-m~ 2

, temperature 25 °C) in Petri dishes on filter paper
moistened with a solution of [l- 14C]-L-phenylalanine (concentration 10 mM,
specific activity 10.0—20.6 GBq-moH 1 ). The label was introduced into
the acting solution by complementing it with a radioactive preparation
of [l- 14C]-D,L-phenylalanine. The duration of pulse feeding was 16 hr in
the first experiment and 1 hr in all subsequent series. After the pulse the
treated plant material was washed with water in order to remove the
external label and was then transferred either to distilled water or to a
10 mM solution of nonradioactive L-phenylalanine. Samples were taken
before and at the end of the pulse feeding and at various intervals up to
72 hr after the beginning of incubation.

Analytical methods
The content of individual flavonoids (rutin, orientin, isoorientin,

vitexin, and isovitexin) in ethanolic extracts was determined spectro-
photometrically after their paper chromatographic separation (Margna,
Margna, 1969; Margna, Väinjärv, 1983) and expressed in nmols per pair
of cotyledons. The radioactivity of flavonoids was assayed in the ethan-
olic eluates after paper chromatography in a Beckman LS-100 liquid scin-
tillation counter. On the basis of radioactivity data the amount of fla-
vonoids formed from exogenous phenylalanine was calculated.

Soluble proteins were extracted in 50 mM Tris-HCI buffer (ph 8.6)
containing 3 mM EDTA, 14 mM [3-mercaptoethanol, 30 mM ascorbic acid,
0.5 M sucrose and 1% (v/v) Triton X-100. Extracts were separated by
centrifugation. Proteins were precipitated from combined supernatants
with ethanol (final concentration 67%). After staying overnight at 5°C,
the precipitates were washed with 70% and 96% ethanol and dissolved
in 0.1 N NaOH (each extraction 10 min at 100 °C followed by a further
50 min extraction at room temperature).

The residue which remained after the extraction of Tris-soluble ma-
terial was washed repeatedly with 96% ethanol and cold trichloroacetic
acid (TCA), then extracted with 0.3 N NaOH as described above. Proteins
in combined extracts were precipitated by adding crystalline TCA (con-
centration after neutralization 10%). After staying overnight at 5°C,
samples were washed with 96% ethanol and redissolved in 0.1 N NaOH
as in the case of soluble proteins. This base-extractable fraction was
referred to as insoluble proteins.

Samples were assayed for protein content (Lowry et al., 1951) using
bovine serum albumin dissolved in sodium hydroxide as the standard.
The radioactivity of the samples was measured in a Beckman LS-100
liquid scintillation counter.

All experiments were run in 3 replicate series. In each series, three
sets of 25—30 pairs of cotyledons were assayed per time of incubation.

Results

16-hr pulse
In the first experiment, buckwheat cotyledons were treated with radio-

active phenylalanine for 16 hr followed by an incubation in the presence
of the cold (nonradioactive) amino acid.
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At the beginning of the experiment 80-hr-old etiolated cotyledons
contained an approximately equal amount of soluble and insoluble
proteins (Fig. 1). During incubation in the light opposite changes in the
content of these protein fractions were observed; the amount of insoluble
proteins showed a clear-cut increase while the content of soluble proteins
continued to decrease till the end of the experimental period. The total
amount of proteins remained practically unchanged. Continuous synthesis
of insoluble proteins was confirmed by a rise in their radioactivity. At the
same time changes in the radioactivity of soluble proteins paralleled the
decrease of their content. During 3 days of incubation this fraction lost
more than 40% of its initial label. Similar changes were revealed in an
analogous experiment with labelled L-lysine (results not shown).

Fig. 1. Changes in the content and radio-
activity of proteins in' buckwheat cotyle-
dons fed with 14 C-,L-p(henylalanine during
the first 16 hr of the experiment and in-
cubated thereafter in cold phenylalanine.
A insoluble proteins, В soluble pro-
teins; solid lines content, broken lines

radioactivity.

It must be taken into consideration, however, that synthesis of soluble
proteins most likely did not stop in the cotyledons but continued simul-
taneously with catabolic processes. The actual degradation level of
soluble proteins could thus be even over 40%• Previous analyses at our
laboratory have shown that the feeding of exogenous phenylalanine to
buckwheat cotyledons results in an about 27-fold temporary rise in the
level of the free amino acid (during 16 hr). After the subsequent transfer
of the cotyledons into water, most of the excess free phenylalanine dis-
appeared during the following 24 hr (Margna, Väinjärv, 1981). In pulse
chase experiments, however, the treated material should maintain a high
level of free phenylalanine up to the end of the experiment, and the initial
label, although diluted, therefore remains in the tissues for a considerable
time. This excess labelled phenylalanine was evidently the source of
radioactivity appearing in insoluble proteins after the 16-hr pulse. Con-
sequently, it is logical to assume that at the same time at least some
label had entered soluble proteins as well, partly masking the catabolic
release of labelled phenylalanine from these compounds.

In order to minimize these interpretational complications, the pulse of
feeding was reduced to 1 hr in the subsequent experiments.

1-hr pulse followed by an incubation in water
In comparison with the initial level of flavonoids at the beginning of

the radioactive pulse, an about twofold increase in the content of these
compounds was observed in the cotyledons during this experiment. At
the same time the fraction of insoluble proteins showed an almost 40%
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increase while the content of soluble proteins decreased more than two-
fold (Fig. 2). The sum of soluble and insoluble proteins remained rela-
tively stable throughout the experiment.

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 coty-
ledons given a 1-hr 14C-L-phenylalanine pulse and
incubated thereafter in water. 1 flavonoids, 2

insoluble proteins, 3 soluble proteins.

Estimations of radio-
activity in flavonoids and
proteins after the 1-hr
pulse served as a basis for
calculating the share of
corresponding fractions
synthesized from exoge-
nous material (Fig. 3). The
resulting curves clearly
show that within the first
5 hours after pulse feeding
incorporation of labelled
material into all fractions
studied dominated over its
possible degradational
losses. After this point
(6 hr after the beginning
of the experiment) incor-
poration of exogenous
phenylalanine into in-
soluble proteins became in-
significant while soluble
proteins showed a rapid
loss of labelled phenyl-
alanine. This was accom-
panied by a continuous
incorporation of radio-
active material into flavo-
noids. After the 6th hour
of incubation up to the
end of the experiment fla-
vonoids incorporated ap-
proximately 8 nmols of
exogenous phenylalanine
per pair of cotyledons
while at the same time
soluble proteins lost about
7 nmols or 60% of the
radioactive phenylalanine.

1-hr pulse followed by an incubation in cold phenylalanine
An analogous experiment with the use of a 1-hr pulse of feeding phe-

nylalanine was performed with a different incubation medium after the
pulse r— in a solution of nonradioactive phenylalanine. As it could be
supposed theoretically, the estimated absolute changes in the amount of
individual compounds during the incubation period did not coincide
exactly with the results of the previous experiment although all tendencies
found previously were manifest in the present case, too. Both protein and
flavonoid content reached a somewhat higher level (Fig. 4) whereas the
share of compounds formed from labelled phenylalanine was less under
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these experimental condi-
tions (Fig. 5). It must be
emphasized that the total
amount of proteins and
flavonoids produced from
exogenous phenylalanine
in the present experiment
includes both labelled and
nonlabelled material. The
labelled fraction originates
from the radioactive phe-
nylalanine taken up from
the initial incubation me-
dium during the 1-hr pulse
feeding period. After the
beginning of the chase
period the excess free
labelled precursor gets
gradually diluted in the
second, nonlabelled source
of exogenous phenylala-
nine. The share of non-
radioactive exogenous pre-
cursor in the overall pro-
duction of respective com-
pounds cannot be estimat-
ed under present experi-
mental conditions.

The relative decrease
in the radioactivity of
soluble proteins between
6 to 72 hr comprised 60%
similar to the previous
experiment but was ex-
tended for a longer period
of time.

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 in-

soluble proteins, 3 soluble proteins.

Fig. 5. Incorporation of labelled phenylalanine into
flavonoids and proteins of buckwheat cotyledons
given a 1-hr I4 C-L-phenylalanine pulse and in-
cubated thereafter in cold phenylalanine. 1
flavonoids, 2 insoluble proteins, 3 soluble

proteins.

Discussion
In order to prove unequivocally that a fraction of flavonoids has beensynthesized from protein-derived material one must be able to follow theroute of phenylalanine from proteins to phenolics. Because of experimental

and conceptual difficulties, no such attempts have been made so far.In a standard procedure of feeding experiments the introduction
of labelled phenylalanine into proteins is accompanied by its incorpora-
tion into phenolics as well. This “primary” label in phenolics interfereswith the calculation of the “secondary” label of phenolic compounds thatmay be derived from protein degradation. On the other hand, disappear-
ance of label from protein fractions due to protein degradation may be
masked by its possible recycling or by continuous incorporation of excess
exogenous phenylalanine not fully used up during the feeding period. It
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is possible to overcome, at least partially, some of these difficulties by
applying a short pulse of feeding radioactive precursors.

Pulse-labelled buckwheat flavonoids are metabolically stable within
at least 7 days (Margna, Väinjärv, 1981), and therefore the observed
changes in their radioactivity depended solely on biosynthesis. The main
source of label for flavonoid formation during the short feeding period
and for some hours thereafter could be free phenylalanine of exogenous
origin unused for protein synthesis. The pool of labelled free phenyl-
alanine is obviously consumed within the first hours after the pulse,
before the analysis at 6 hr. In Xanthium leaf disks, radioactivity in the
free phenylalanine pool could be detected for about 3 hours after 1-hr
labelling (Taylor, Zucker, 1966). Therefore the increase in flavonoid label
after the 6th hour might be explained only by incorporation of secondary
sources of the labelled precursor.

Contrary to flavonoids, changes in the radioactivity of proteins could
result both from incorporation of the radioactive amino acid during pro-
tein synthesis and from loss of radioactivity due to degradation of labelled
proteins. For reasons discussed above, in short-term feeding experiments
the availability of radioactive free phenylalanine seems to be restricted
to the first hours after the pulse. The further protein synthesis could pro-
ceed only from nonlabelled precursors of endogenous or exogenous origin,
and the declining radioactivity curve of soluble proteins may be con-
sidered to reflect solely protein breakdown. Protein synthesis from the
“primary” label may still result in an understimation of the rate of de-
gradation in experiments with long exposures to labelled phenylalanine.

Another source of interpretational errors might be the recycling of the
label released during protein breakdown which may result in an under-
estimation of protein degradation. However, this phenomenon greatly
depends on the specific involvement of every individual amino acid in
general metabolism, and the removal of an amino acid from the pool of
protein breakdown products reduces the chances of its recycling. In
experiments with phenylalanine which does not accumulate in cells but
is channelled for secondary syntheses this possibility seems to remain
speculative.

R. Becker with co-workers (Becker et ah, 1981; Winkler et ah, 1981)
has compared the experimental data on labelling soluble proteins in pea
epicotyls with theoretical curves obtained from two different models of
protein turnover: a 2-pool one assuming that protein decay products
re-enter the protein precursor pool, and another one in which the amino
acids released from soluble proteins remain in a degradation pool not
equilibrating with the direct precursor pool. Only the latter version was
in good agreement with the experimental data. The character of radio-
activity changes of soluble proteins of buckwheat is of the type obtained by
these authors and might correspond to the model with a special catabolic
phenylalanine pool.

Insoluble proteins of buckwheat cotyledons did not reveal any obvious
loss of radioactivity during 72 hr. The experiments do not enable to
decide whether the label was stable, or the measured level of radioactivity
represented an equilibrium between label uptake and release. In pea epi-
cotyls no appreciable amount of radioactivity from insoluble proteins
got into the degradation pool of free amino acids (Winkler et ah, 1981).
Considering that the major part of insoluble proteins synthesized in
etiolated seedlings after the onset of irradiation consists of structural
proteins of the newly formed plastids, this protein fraction should be
relatively stable in buckwheat cotyledons as well. However, the possibility
that some protein degradation might still occur here, too, cannot be fully
excluded.
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It follows from the results of our 1-hr feeding experiments, therefore,
that degradation of soluble proteins in buckwheat cotyledons may really
be a significant source of precursors for flavonoid biosynthesis. Occur-
rence of simultaneous protein synthesis or recycling of label would even
increase the numerical values of the amount of liberating phenylalanine
units.

It must be noted that the need for phenylalanine as a precursor of
phenolics is not restricted to the compounds studied in the present work.
In buckwheat cotyledons, considerable amounts of leucoanthocyanidins
and lignin, and a number of minor phenolic constituents such as antho-
cyanins and chlorogenic acid are synthesized besides rutin and C-glycosyl-
flavones. Some new compounds (p-coumaroylglucose) can be detected
after feeding exogenous L-phenylalanine (Тохвер, Ыннепалу, 1983). Exa-
mination of the possible role of protein phenylalanine in their formation
would add valuable information to the flavonoid data.

On the other hand, the next step in more detailed protein studies could
be investigation of metabolic activity of different soluble proteins.
Acknowledgements. The author thanks Dr. U. Margna for helpful dis-
cussions and critical reading of the manuscript.
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Lembe LAANEST
VALKUDE LAGUNEMINE FLAVONOIDIDE BIOSÜNTEESI

EELLASTE ALLIKAS TATRAIDANDITE IDULEHTEDES

Tatraidandite idulehti töödeldi lühiajaliselt Il- I4 C]-L-fenüülaianiiniga ja jälgiti see'
järel muutusi flavonoidide ning valkude sisalduses ja radioaktiivsuses. Selgus, et pärast
idulehtede ühetunnist viibimist radioaktiivse fenüülalaniini lahuses jätkus märke lülitu-
mine kõikidesse uuritud ühenditesse veel mõne tunni jooksul. Alates kuuendast tunnist
pärast katse algust täheldati lahustuvate valkude sisalduse langust ja nende radioaktiiv-
suse vähenemist; kolme ööpäeva jooksul kaotasid lahustuvad valgud 60% sisenenud mär-
kest. Ümberarvestatuna katses kasutatud radioaktiivsele fenüülalaniinile vastab see kadu
seitsmele nanomoolile idandi kohta. Lahustumatud valgud osutusid metaboolselt stabiil-
seteks. Samal ajal jätkus flavonoidide süntees. Ajavahemikul kuuendast tunnist katse
lõpuni sisestus flavonoididesse veel kaheksa nanomooli märgitud fenüülalaniini idandi
kohta. Kuna esialgselt idanditesse sisenenud märgitud fenüülalaniini varud olid kuuen-
daks tunniks juba kulutatud, võib arvata, et pärast seda flavonoididesse lülitunud radio-
aktiivne fenüülalaniin oli vabanenud lahustuvate valkude lagunemisel.

Лембе ЛААНЕСТ

РАЗЛОЖЕНИЕ БЕЛКОВ КАК ИСТОЧНИК ПРЕДШЕСТВЕННИКОВ ДЛЯ
БИОСИНТЕЗА ФЛАВОНОИДОВ В СЕМЯДОЛЬНЫХ ЛИСТЬЯХ ГРЕЧИХИ

В опытах пульсовой метки с введением радиоактивного L-фенилаланина в семя-
дольные листья гречихи установили, что поглощенный в течение 1-часовой экспозиции
свободный меченый фенилаланин включался во флавоноиды и белки не только во время
обработки, но и на протяжении нескольких часов после нее. Спустя 6 ч от начала экс-
перимента содержание и радиоактивность растворимых белков уменьшались, и в тече-
ние 3 суток эта фракция потеряла 60% первоначальной метки, что соответствует 7 нмо-
лям экзогенного фенилаланина на проросток. В то же время продолжалось образова-
ние флавоноидов, и в них включалось еще 8 нмолей меченого фенилаланина на про-
росток. Так как запасы первоначально поглощенного меченого фениланина через 6 ч
были израсходованы, можно предполагать, что на этом этапе эксперимента источником
включенного во флавоноиды меченого фенилаланина было разложение растворимых
белков. Нерастворимые белки оказались метаболически стабильными.
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	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.

	AQUATIC OLIGOCHAETA FROM THE FARTHEST SOUTH-EAST OF THE USSR
	Untitled
	Untitled
	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).
	Untitled
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	CONSTITUTIVE HETEROCHROMATIN (C-BANDS) AND C-POLYMORPHISM IN THE KARYOTYPE OF THE ESTONIAN BREED OF THE JAPANESE QUAIL (COTURNIX COTURNIX JAPONICA)
	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).

	РЕКОМБИНАЦИОННАЯ СОСТАВЛЯЮЩАЯ ТОЧНОЙ ЭКСЦИЗИИ ТРАНСПОЗОНА Тпs У ESCHERICHIA COLI К-12
	Untitled
	Untitled
	Untitled
	Untitled

	STABILITY OF RECOMBINANT ESCHERICHIA COLI IN CONTINUOUS CULTURE
	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.
	Untitled
	Untitled

	ДЕЙСТВИЕ УВЕЛИЧЕНИЯ ФОНА КОРТИКОТРОПИНА И ЭФЕДРИНА НА ОБМЕН И ТРАНСПОРТ ЛИПИДОВ В ОРГАНИЗМЕ
	Untitled
	Untitled
	Untitled

	СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ЭКТО-АТФазной АКТИВНОСТИ КЛЕТОК ЛИМФОИДНЫХ ОРГАНОВ И ЭРИТРОЦИТОВ
	Влияние линолевой (Л) и олеиновой (Б) кислот на экто-АТФазную активность клеток бурсы Фабриция (I), тимоцитов (2) и эритроцитов (3) цыплят.
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	ПЯДЕНИЦЫ РОДА EUPITHECIA CURT. (LEPIDOPTERA, GEOMETRIDAE) ДАЛЬНЕГО ВОСТОКА СССР. 111
	Гениталии самца Eupithecia persuastrix Mironov, sp. n. a общий вид; б эдеагус; в VIII стернит.
	Lake Peipsi-Pihkva * Озеро Псковско-Чудское
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	HAPNIKU SISALDUS JA VEE TEMPERATUUR SAADJÄRVES
	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.
	Untitled
	Untitled
	Untitled

	РАСПРЕДЕЛЕНИЕ БЕНЗ(А)ПИРЕНА В ЭКОСИСТЕМЕ МАТСАЛУСКОГО ЗАЛИВА
	Рис. 1. Места отбора проб в пределах Матсалуского государственного заповедника
	Рис. 2. Содержание БаП в донных отложениях Матсалуского залива
	Untitled
	Рис. 4. Содержание БаП в некоторых видах рыб Матсалуского и Пярнуского залива (цифрой отмечено количество проб).
	Рис. 13. P. canesc&ns.
	Рис. 3. Содержание БаП в донных отложениях и водорослях Chara (цифрой отмечено количество проб). Püc.l4. Oeum rivale.
	Рис, 23. Pot eri pm sangu is orba.
	Untitled

	CADMIUM, LEAD, COPPER AND ZINC CONCENTRATIONS IN MESIDOTEA ENTOMON IN THE GULF OF FINLAND (SOUTHERN COAST)
	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
	Untitled
	Untitled
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	CHROMOSOMAL VARIABILITY IN RAINBOW TROUT STOCKS IN ESTONIA
	Untitled
	Fig. 1. Mctaphasc of Donaldson strain rainbow trout (2n = 60). Fig. 2. Metaphase of local strain rainbow trout (2n = 58).
	Untitled
	Untitled
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	ТОЧНАЯ эксцизия СОСТАВНЫХ ТРАНСПОЗОНОВ У ESCHERICHIA COLI К-12 В УСЛОВИЯХ СТРЕССА
	Untitled
	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).
	Untitled

	ВЛИЯНИЕ РАЗЛИЧНЫХ СТРЕССОРНЫХ ВОЗДЕЙСТВИЙ НА РАЗВИТИЕ СТРЕССОРЕАКТИВНОСТИ У НОРМОТЕНЗИВНЫХ И ГИПЕРТЕНЗИВНЫХ животных
	Влияние стрессорных воздействий на нормотензивных и гипертензивных крыс. 1 Исходный уровень в покое; 2 иммобилизация в пенале; 3 электрокожное раздражение; 4 растяжка на спине.
	Untitled

	ЖУКИ-БЛЕСТЯНКИ РОДА EPU RAE A ER. (COLEOPTERA, NITIDULIDAE) ЭСТОНИИ
	Untitled
	Untitled
	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.
	Untitled
	Рис. 10.* – E.pallescens.
	Рис. 12.# -Е. rufomarginata.
	Рис, 14. в – Е. torminalis, ' А -Е. thoracica.
	Рис. 16. в- Е. vari egota.
	Untitled
	Рис. 29. Видовое обилие Еригаеа по месяцам.
	Рис. 30. Численность Еригаеа по месяцам.
	Untitled

	ВЛИЯНИЕ МИНЕРАЛЬНОГО ПИТАНИЯ РАСТЕНИЯ-ХОЗЯИНА НА РАЗВИТИЕ КАРТОФЕЛЬНОЙ НЕМАТОДЫ
	Численность адультных самок картофельной нематоды в корнях картофеля 'Сулев' (в процентах от контроля) при различной обеспеченности растений питательными элементами (минус недостаток, плюс избыток).
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled
	Untitled

	ABOUT RESPIRATION RHYTHMS OF INSECTS
	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.
	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.
	Untitled
	Untitled

	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
	Untitled
	Untitled

	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. 16. Сотагит palus tre,
	Untitled
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	Рис. 15. Fragariq vesca. .Рус,,]%subUs 'chamaemorus
	Untitled
	Рис. 18,'AlchemiHa wichurae.
	Рис.2o.Rosa mojalis. – POc. 22. Sanouisorba officinalis,
	Untitled
	Рис. 19 .FKJpendula и (maria. Рис. 21. Agriroonia eupaforia.'
	Untitled
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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
	Untitled
	Untitled
	Untitled


	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
	Untitled
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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 –
	Untitled
	Untitled


	Illustrations
	Untitled
	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.
	Untitled
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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).
	Untitled
	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
	Untitled
	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.
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	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.
	Untitled
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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.
	Untitled
	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.
	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.
	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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	Рис. 3. Р. supina. Рис. 5. Р. fruiicosa.
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	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. 16. Сотагит palus tre,
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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
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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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	Рис. 13. P. canesc&ns.
	Рис. 3. Содержание БаП в донных отложениях и водорослях Chara (цифрой отмечено количество проб). Püc.l4. Oeum rivale.
	Рис, 23. Pot eri pm sangu is orba.
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