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E w a M I K O Ł A J C Z Y K and L e s z e k K U Ź N I C K I 

Body Contraction and Ultrastructure of Euglena 

Received on 23 Ju ly 1980 

Synopsis. On the basis o w n physio logical and ultrastructure studies 
of Euglena gracilis, Euglena ehrenbergii and critical rev iew of l i terature 
concerning Euglenoidina authors suggest that: (1) Longitudinal and 
lateral changes in the eug lenas cell shape are evoked by contract ion 
of the f ibri l lar cont inuous structure (fibrillar sac), lying immedia te ly 
u n d e r the strips. (2) Contract ion occur as a e f fect of a reorientat ion 
of the locomotory f lage l lum. F lage l lum taking the phobic posi t ion 
causes deformat ion of the resorvoir shape in turn s t imulate to con-
tract ion the f ibri l lar sac. (3) Fibri l lar structures within the strips and 
f o r m i n g the periplast together wi th microtubules , are subjected to 
s tress during contraction, which would bring the cell back to its 
c igar- l ike shape. These stresses would also p lay an essential role in 
p-eristaltic movements . (4) The relat ionship be tween the f l a g e l l u m -
reservoir sy s t em and the contracti le sy s t em occurring in Euglena 
h a v e served as basis for the deve lopment of receptor -> e f f ec tor re-
ia t ionsh ip in mult ice l lu lar organisms. 

Locomotion of eukaryotic cells and change of their direction of 
movement occur either by means of specialised organelles or else by 
a change in the cell shape. There are organisms among protozoans 
which exhibit both these types of motor activity. To this group belong 
also a number of species classified as Euglenoidina. Body shape changes 
of these organisms have been described up to the middle of the bygone 
century as "metaboly" or "euglenoid movement" (Fig. 1) and they are 
still the least known kind of cellular movements, at any rate their prin-
ciple and character have so fa r not been elucidated. It js hoped that 
the results of investigations presented in this paper, .conducted mostly 
on Euglena gracilis (Fig. 2) will contribute to the explanation ,of some 
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2 E. MIKOL.AJCZYK A N D L. K U 2 N I C K I 

Fig. 1. Schcme of the euglenoid 
movements of Euglena gracilis. 
a — logitudinal contraction; b — 
peristaltic wave. Arrows mark 

the contracted zone 

a aspects of these movements. 
Another aim in view was 
the demonstration of a rela-
tionship between movements 
of the flagellum and change 
of cell body shape. 

b 
\J 

Euglenoidina are an in-
teresting group also f rom 
the evolutionary aspect (L e-
e d a 1 e 1967, J o h n s o n 
1968). According to classical 
views, Euglenoidina were 

supposed to belong to green algae because of the presence of chloroplasts. 
It is known at present that Euglenae, on account of the s tructure of 
their nucleus and the course of mitosis, differ esentially f rom all green 
algae thus far known. They actually have many more common traits 
with heterotrophic flagellates than with green algae. 

Chloroplasts present in green algae seem to have arisen from endo-
symbionts of prokaryotic algae, while the chloroplasts of Euglena are 
transformed cells of eukaryotic algae ( S t e w a r t and M a t t o x 1975, 
G i b b s 1978). All these facts make Euglena a part icularly interesting 
object for studies on evolution. 

The opinion prevails at present that flagellates are the oldest group 
among Protozoa and that Metazoa are derived from colonial flagellates. 
It is also doubtless that colonial flagellates and the group Euglenoidina 
exhibit a number of common traits. The genealogical relationship be-
tween flagellates with euglenoid s tructure and Metazoa is greatly 
strengthened by considerations concerning the evolution of receptor cells 
in animals (V i n n i k o v 1946, 1971, 1974, 1979). If we consider chlo-
roplasts as organelles of symbiotic origin, a cell with Euglena gracilis 
structure may be treated as the precursor s tructure of receptor cells 
of invertebrates and vertebrates (Fig. 3). The parts of the Figure sur-
rounded by a circle, are shown on PI. I l l 19-21, PI. IV 22, 23. This 
supposition may prompt a discussion on the role which contraction pro-
cesses played in evolution, making euglenoid movements possible. This 
problem actually boils down to the consideration of euglenoid move-
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C O N T R A C T I O N A N D U L T R A S T R U C T U R E O F EUGLENA 3 

ments as pr imary forms of cell body contraction, f rom which the con-
tractions occurring in other protozoans are derived. 

A f u r t h e r problem here is to what extent the pr imary contraction 
systems of flagellates could have undergone evolution towards special-
ised cells and muscle tissues. 

Fig. 2. Exterior v iew (a) and interior structure (b) of Euglena gracilis. PS — 
pellicular strips, LF — locomotor flagellum, MN — mastigonemes, S — stigma, 
PFB — paraflagellar body, Chi — chloroplast, PN — paramylon, NS — nucleus 

An exhaustive answer to this question is not possible at the present 
state of knowledge. The consideration of these problems is, however, 
useful since it shows the gaps which should be filled in the fu ture . 

Different Forms of Cell Body Movements 

When investigating the behaviour of euglenoid flagellates, a divers-
ity was observed of the changes in their body shape. In Euglena gra-
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4 E. MIKOL.AJCZYK A N D L. K U 2 N I C K I 

cilis, there may be either longitudinal (anterior-posterior) contractions 
(Fig. 1 a, Pl. I 12, 13) or peristaltic waves (Fig. 1 b, Pl. I 1-6). The 
latter appear as a ring of contraction advancing slowly f rom the post-
erior to the anterior of the cell ( C h a d e f a u d and P r o v a s o 1 i 1939, 

cells of insects, NF — nonmergent f lagellum, LF — locomotor f lagel lum, PFB — 
paraflagellar body, S — stigma 

M a c k i n n o n and H a w e s 1961, M i k o ł a j c z y k 1972). Peristaltic 
waves also appear, for instance in E. mutabilis ( H o l l a n d e 1942), 
Astasia captiva ( B e a u c h a m p 1911), Peranema trichophorum ( C h e n 
1950). Euglenoid movements may take the form of lateral bendings 
which are commonly observed in E. ehrenbergii (PL II 15) (H a m b u r -
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C O N T R A C T I O N A N D U L T R A S T R U C T U R E O F EUGLENA 5 

g e r 1911, P r i n g s h e i m 1956, H e i m p e l 1972, M i k o ł a j c z y k 
1975), E. terricola ( G ü n t h e r 1927), E. limosa ( C o n r a d 1940), E. gra-
nulata ( A r n o t t and W a l n e 1966) and others. Moreover, such eugle-
noid movements have been referred to as surface f luctuation ( A r n o t t 
and W a l n e 1966), or oscillatory movements ( G ü n t h e r 1927). The 
particular type of euglenoid movements may occur in sequence, for 
instance in E. gracilis anterior-posterior contractions may be followed 
by peristaltic waves. 

Various species of Euglenoidina were found to be characterised by 
a different ability of changing their shape. From this aspect Euglenoi-
dina have been classified into four groups ( P r i n g s h e i m 1948, 1956, 
M i g n o t 1965, 1966): (1) with strong euglenoid movements (e.g., 
E. granulata, E. mutabilis), (2) moderately rigid ones (E. agilis, E. gra-
cilis), (3) almost rigid ones (E. acus, E. tripteris) and (4) completely 
iigid ones (e.g., species of the genus Phacus, Menoidium and Rhabdo-
monas). It was found that organisms with strongly marked strips, the 
periplast of which is thick and forms teeth, have a very limited range 
of euglenoid movements. The strips seem to stiffen and mechanically 
limit the cell movements, thus determining the range of euglenoid move-
ments performed ( W a g e r 1900, G ü n t h e r 1927, C h u 1946, J a h n 
1946, G o j d i e s 1953). However, it was also observed for instance 
that E. acus which, as regards the s t ructure of the pellicular complex 
(highly developed periplast forming "teeth" under the strip), belongs 
to the group of almost rigid organisms, contracts strongly when the 
environmental conditions (e.g., pH) change ( D e f l a n d r e 1924, L e 
F e v r e 1931, S z a b a d o s 1936). Similarly E. ehrenbergii contracts 
when it loses its locomotor flagellum, although in view of its s t ructure 
it should be classified as an almost rigid Euglena (PI. II 4-18) ( C h u 
1946, C o n r a d and V a n M e e l 1952, H e i m p e l 1972, M i k o ł a j -
c z y k 1975). C h u (1946) advanced the hypothesis that the ability of 
changing the body shape in Euglena does not depend on the s t ructure 
of the strips, but on the periplast content. The more compact it is, the 
more limited are the euglenoid movements. Therefore, E. ehrenbergii, 
the periplast of which is not very compact, in spite of the s t ructure of 
its pellicular complex and particularly of its very thick periplast (in 
the dorsal zone of the strips ca. 1 jim), is capable of strong contractions. 
P r i n g s h e i m (1948, 1956) and M i g n o t (1965, 1966) believe, how-
ever, that neither the pronounced strips nor their size are closely con-
nected with the ability of body shape change in Euglena. 

Distinct striation is for instance characteristic both of "rigid" Euglena 
(e.g., E. tripteris, the genus Phacus, Rhabdomonas) as well as of the 
highly contractile ones (E. granulata, Distigma proteus). Delicate, little 
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pronounced striation has been noted both in contractile Euglena, such 
as E. mutabilis and in the almost "rigid" E. acus. On the other hand, 
changes in shape and size of the pellicular strips were observed in con-
tracted and uncontracted body par ts of E. viridis (G u 11 m a n and 
Z i e g 1 e r 1974, F o i s s n e r 1977). The strips of the contracted part 
of the cell are higher and more depressed in the ridge par t of the strip, 
whereas in the uncontracted or only slightly contracted par t they are 
wide and flat. Even neighbouring strips may differ widely. According 
to F o i s s n e r (1977) this seems to indicate that the part icular strips 
may change their shapes independently. These observation confirm ear-
lier observations of M i g n o t (1966) who suggested that metaboly is 
a resultant of deformations occurring at the level of the part icular 
strips. 

In the opinion of the present authors, all Euglena species — the 
swimming and the creeping ones. — are capable of changing their body 
shape and their forms may be extremely diversified. The pat tern of 
euglenoid movement of E. gracilis leads to the supposition that these 
movements are evoked by contractions of the s t ructure surrounding the 
whole cell interior and lying immediately under the strips. 

Factors Stimulating and Immobilising Euglenoid Cell Movements 

It has long been noted that various factors of chemical and physical 
nature evoke euglenoid movements, and this has been contemporarily 
confirmed (D i s k u s 1956, M i k o ł a j c z y k 1973, D o u g h t y and 
D i e h n 1979, M i k o ł a j c z y k and D i e h n 1978, Y o u q u e et al. 
1979). E. terricola for instance is so sensitive that it is sufficient to 
t ransfer it to fresh culture medium to produce long lasting euglenoid 
movements (G ii n t h e r 1927, H a l l 1933). Strong body contractions 
appear at pH changes both f rom alkaline to acids and vice versa (A 1 e-
x a n d e r 1931, H a l l 1933, S z a b a d o s 1936, C o n r a d 1940, K a m i y a 
1939, 1953). B o v e e and A c u ń a (1970) demonstrated relations be-
tween the presence of ATP in the medium and the appearance of body 
contractions during the photophobic reaction of Euglenae. While in an 
ATP-free medium Euglena emerge and leave an illuminated region 
without body contractions and without strong photophobic reaction, in 
the presence of ATP this photophobic reaction is associated with eugle-
noid movements. 

Body contraction may be caused by temperature changes (D a n-
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g e a r d 1902, Y o u q u e et al. 1979), X-rays ( W i c h t e r m a n 1955), 
changes in light intensity ( L o z i n a - L o z i n s k y 1963, B o v e e and 
A c u ń a 1970, M i k o ł a j c z y k and D i e h n 1976), electric current 
evoking body contraction of the Euglena on the anode side ( B a n c r o f t 
3915) and mechanical factors (J a h n and B o v e e 1968, N i c k o 1 s 
ond R i k m e n s p o e l 1977, M i k o ł a j c z y k and D i e h n 1979). 

Thus, any factor causing a shock reaction of the organism manifest-
ed by a change in the position of the flagellum, or producing its auto-
toniy, may at the same time evoke euglenoid movements. This relation 
has long been noted and confirmed many times ( D a n g e a r d 1902, 
J e n n i n g s 1906, B a n c r o f t 1915, H a l l 1931, L e F e v r e 1931, 
F r i t s c h 1935, H i l m b a u e r 1954, W i c h t e r m a n 1955, M a c k i n -
n o n and H a w e s 1961, B o v e e and A c u ń a 1970, M i k o ł a j c z y k 
and D i e h n 1976, Y o u q u e et al. 1979) (for the other references see 
L e e d a 1 e 1976, and J a h n and B o v e e 1968). An exception f rom this 
regulari ty are the peristaltic waves in E. gracilis which may appear 
without simultaneous noticeable changes in the motion of the flagellum 
( M i k o ł a j c z y k 1973). 

A known factor causing immobilisation of the cilia with simultane-
ous preservation of the ability of reorientation is NiCl2 (K u ź n i c k i 
1963, N a i t o h 1966, G r ę b e c k i and M i k o ł a j c z y k 1968). As re-
gards E. gracilis NiCl2 causes immediate immobilisation of the cells 
( D o u g h t y and D i e h n 1979). Af ter immobilisation the flagellum 
stimulated with light of intensity producing in swimming individuals 
a photophobic reaction did not change its position. According to D o u -
g h t y and D i e h n (1979), immobilisation of swimming occurs much 
more slowly under the action of nickel ions in the presence of Ca2 + 

and Mg2+ ions. Our preliminary observations of the behaviour under 
these conditions of nonmotile Euglenae allowed to establish the follow-
ing chain of motor reactions of E. gracilis: the first step — when the 
flagellum is still active and light stimulation causes its maximum re-
orientation. If the stimulus lasts sufficiently long an anterior-posterior 
body contraction occurs. In the second step the flagellum is completely 
immobilised in normal position (along the body). The light stimulus, 
however, produces its maximal reorientation and an anterior-posterior 
body contraction. It would seem, therefore, that for body contraction 
flagellar beating is not indispensable, only a change of the flagellum 
position to the phobic maximum (full reorientation). 

In contrast to the stimulating factors, a reversible immobilisation 
of euglenoid movements may be only evoked by some physical and 
chemical factors. 
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K i t c h i n g (1957), B y r n e and M a r s l a n d (1965) and G r o s s 
(1965) investigated the influence of hydrostatic pressure on Euglena. 
B y r n e and M a r s l a n d established that flagella moved in Euglena 
subjected to hydrostatic pressure of 15 000 psi, whereas the euglenoid 
movements were inhibited at a pressure as low as 10 000 psi, both in 
rounded and in elongated cells. The authors ascribe the rounding of 
cells to changes which may occur in the s t ructure of the gel (periplast) 
in the pellicular complex. At the moment of decompression Euglena ex-
hibited a post-decompression contraction like many other protozoans. 
Inside a hyaline layer was visible surrounding the contracted dense 
granular mass with the nucleus and chloroplasts in the centre of the 
cell. In the course of 3 min nearly all individuals started to swim nor-
mally. 

D i s k u s (1956) investigated in vivo the influence of dyes on eugle-
noid movements. He demonstrated that cation dyes are absorbed in the 
periplast of E. halophila, causing at first strong contractions which are 
later inhibited. 

The lack of a carbon source in the medium causes a gradual dimi-
nution of the cell dimensions, disability to swim, shedding of the fla-
gellum and af ter 30 days a loss of ability to change the body shape 
( L e e d a l e and B u e t o w 1976). 

S i l w e r m a n and H i k i d a (1976) while studying the influence 
of a colchicine solution on the course of flagellum regeneration in 
E. gracilis noted that deflagellation occurring owing to drastic pH 
changes f rom acid to alkaline, with simultaneous shaking, caused a 
rounding of the cells and disappearance of the euglenoid movements. 
The lat ter reappeared af ter about 10 min, whereas in cells treated with 
colchicine this occurred much later. It should be stressed, however, 
that regeneration of the flagella in the presence of this drug is also 
delayed. Thus, it is not clear whether the delayed appearance of eugle-
noid movements is connected with the retarded regeneration of the fla-
gella or with the direct action of colchicine on the mechanism respon-
sible for the euglenoid movements. 

Dinitrophenol (DNP) is a factor inhibiting immediately but rever-
sibly body contraction in all individuals ( M i k o ł a j c z y k 1973). This 
compound also produces autotomy of flagella in general. Af ter t ransfer 
to a medium free of DNP the ability of euglenoid movements re turns 
before ful l regeneration of the flagellum (before its appearance outside 
the reservoir). Immediate immobilisation of euglenoid movements by 
DNP supports the supposition that the structures responsible for these 
movements lie in the pellicular complex or in its close vicinity. 
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Relationships Between the Flagellar Responses and Cell Body-
Contraction 

All studies to date have demonstrated that in E. gracilis the maxi-
m u m flagellar reorientation is often followed by anterior-posterior cell 
contractions. During the shock reaction under the influence of stimuli 
(e.g., light) there occurs in the swimming individual a reorientation of 
the locomotor flagellum. From its normal position (along the body) the 
flagellum passes to the minimal phobic position (Fig. 4 2) perpen-

Fig. 4. Scheme of relationship be-
tween flagellar responses and longi-
tudinal contraction of Euglena gra-

cilis 

dicular to the long body axis. \ / J \ 
This results in the arrest of \ / ^ ^ \ 
forward swimming and a s tar t- V j 
ing of tumbling. Body con- f ^ ^ ^ ^ - o ^ I 
tractions are not associated | 
under these conditions (with * r 
such a position of the locomotor Jf N. 3 
flagellum) with the phobic \ \ \ 
reaction of the cell ( M i k o - N^^^/ . \ 
ł a j c z y k and D i e h n 1976). y N — 

In a medium with raised ( J 
viscosity the light impulse of 
the same intensity as before a 
produces in 100°/o of the indi-
viduals maximal phobic re- ' 
orientation of the flagellum and af ter about a subsequent body con-
traction ( M i k o ł a j c z y k and D i e h n 1976). The same reaction can 
be elicited by immobilising and Euglena by way of sucking its posterior 
end into a capillary. Under these conditions light stimulation also evokes 
maximal reorientation of the flagellum and body contraction (M i k o-
ł a j c z y k and D i e h n 1979). 

If the stimulus acts sufficiently long, a strong body contraction 
causes the Euglena to assume a disc shape ( M i k o ł a j c z y k 1973). In 
this form the Euglena may rotate for as long as several minutes 
(Fig. 4 4). Gradually, in spite of the presence of the stimulating factor, 
body contraction relaxes af ter the re turn of the flagellum to the normal 
position (along the body) (Fig. 4 6). 
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The time between the appearance of the contraction and light 
stimulation depends on the length of the flagellum. This was shown 
by the experiments carried out on Euglena without the locomotor 
ilagellum outside the reservoir ( M i k o ł a j c z y k — unpublished). The 
more the regeneration of the flagellum is advanced, the shorter is this 
time (60 to « 1 s). These observations become understandable if we 
assume that the flagellum taking the maximal phobic position deforms 
the reservoir to an extent dependent on its length. Changes in the 
shape of the reservoir, in turn, stimulate the occurrence of an te r io r -
posterior body contractions. This explanation would be in agreement 
with other observations. When, for instance, the acting st imulus is of 
short duration, maximum reorientation of the flagellum is not accom-
panied by body contraction since the flagellum rapidly re turns to its 
position along the cell. Methylcellulose at viscosities above 4000 cp 
causing, when Euglena are immersed, immediate autotomy of the flagel-
la, raises the disappearance of body contraction due to light stimuli. 
A decrease of the viscosity of the medium ( > 4000 cp) restores the 
ability of Euglenae to contract under the influence of light ( M i k o -
ł a j c z y k — unpublished). It would seem, therefore, that a medium 
of high viscosity either makes it impossible for the flagellum to assume 
a maximum photophobic position or it prevents deformation of the 
reservoir. I t has so far been supposed (P i c c i n i and O m o d e o 1975) 
that erection of the flagellum is the result of changes in the reservoir 
shape. P i c c i n i and O m o d e o (1975) suggested that flagellum 
reorientation is the consequence of contraction of the "fibrillar ma t r ix" 
lying at the level of the reservoir neck between the longitudinal and 
circular microtubules (Fig. 7, PI. V 24, 25) or of the interaction of the 
fibrils joining the longitudinal microtubules to one another and to the 
reservoir membrane (PI. V 26, 27) ( M i k o ł a j c z y k and D i e h n 
1979). The sequence of reactions between introduction of the light sti-
mulus and body contraction of the Euglena would be, according to the 
above quoted authors, as follows: (1) reception of the stimulus by P F B 
(Fig. 7, PI. IV 22, 23), (2) transduction of the impulse fu r the r to the 
effector — fibrillar matr ix or fibrils joining the longitudinal fibrils 
with the reservoir membrane, (3) contraction of the fibrillar mat r ix 
or interaction of the fibrils with the longitudinal microtubules of the 
reservoir, (4) change of reservoir shape, (5) reorientation of the flagel-
lum, (6) body contraction. 

On the basis of our observations we suggest a different sequence 
(Fig. 5 I): (1) the light stimulus reaches PFB (Fig. 5 2), (2) it switches 
on the contraction system within the flagellum, this causing maximal 
erection (Fig. 5 2), (3) subsistence of the flagellum in erect position 
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causes deformation of the reservoir which when it reaches a certain 
e xtent produces anterior-posterior body contractions (Fig. 5 3), (4) t rans-
duction of the reservoir shape changes to the contractile system of the 
cell body may occur either directly as the results of mechanical stimula-
tion of the layer under the pellicular strips or by means of the reser-

Fig. 5. Hypothetical correlation between the f la-
gellar reorientation and longitudinal contraction of 
Euglena gracilis. The chain of the cell responses 
from the impulse reception to body contraction. 
1 — reception of the light impulse by PFB, 2 — 
maximal flagellar reorientation (broken line), 3 — 
changes of the reservoir shape (dotted line), 4 — 
stimulation of the contractile structure (fibrillar 
sac) within pellicular complexes of the cell body 
(zig-zag arrows), 5 — longitudinal cell contraction. 

Arrows show the direction of contraction 

voir membrane as previously suggested by M i k o ł a j c z y k and 
D i e h n (1979), (5) anterior-posterior contraction (Fig. 5 5). B o u c k 
e t - a l . (1978), M i l l e r and M i l l e r (1978), M i k o ł a j c z y k and 
D i e h n (1978), and R o g u l s k i and B o u c k (1978) demonstrated that 
in Euglena gracilis the membrane covering the flagellum, reservoir and 
canal differs in s tructure and properties f rom the cortical membrane. 
The latter is of crystalline nature, whereas the reservoir membrane is 
of fluid type and resembles other biological membranes taking part in 
the uptake, transport and metabolic processes occurring in the cell. The 
reservoir membrane is connected, moreover, with the surrounding mi-
crotubules by the fibrils (PI. V 26, 27). These data suggest that this 
membrane may, therefore, perform-mechanosensory functions ( M i k o -
ł a j c z y k and D i e h n 1979). 

The process of flagellum erection produces also anterior-posterior 
body contractions — two cooperating contractile systems. The interaction 
of these systems explains the behaviour of Euglena under natural con-
ditions, which is modified by the adaptation of the particular species to 
their life conditions. 
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Euglena, in view of the character of their movements, may be 
classified as: (a) freely swimming by means of one or more locomotor 
ilagella, (b) creeping — living freely and (c) parasitic with a very short 
flagellum or without any outside the cell. 

In freely swimming species the main role in movement is played 
by the locomotor flagellum, while body contractions are auxiliary. Such 
a role was ascribed to them by D a n g e a r d as early as 1902. Body 
contractions enable swimming Euglena to rapidly change the direction 
of their movement ( L o w n d e s 1936, C h e n 1950, M i k o ł a j c z y k 
1972). In a t rap situation, for instance in a capillary the locomotor 
flagellum of E. gracilis turns the cell around with the cooperation of 
euglenoid movement (Pl. I 7-11). An Euglena without a visible flagel-
lum outside the body can only contract at both ends, but it is incapable 
of turning round ( M i k o ł a j c z y k 1972). 

In species living in silt and in parasitic ones, where the presence 
of a flagellum outside the body is functionally not necessary, body 
contractions serve for locomotion and for changes of the direction of 
movement ( D a n g e a r d 1902, B e a u c h a m p 1911, G ü n t h e r 1927, 
H a l l 1931, B r a c h e r 1938, C h e n 1950, H e i n 1953, H i l m b a u e r 
1954, M i c h a j ł o w 1956, M a c k i n n o n and H a w e s 1961). In these 
species the flagellum in the reservoir and other reservoir structures 
perform, in our opinion, sensory functions exclusively. 

Euglenoid movements in Astasia cyclopis counteract the peristaltic 
movements of the host intestine and consequently prevent evacuation 
of the parasite with faeces ( M i c h a j ł o w 1956). 

In parasitic individuals the flagellum is ful ly regenerated after their 
release f rom the host body. Regeneration of the flagellum in E. leucops 
lor instance, af ter emergence from the host and reaching 1/2 of its 
normal length, causes a disappearance of euglenoid movements 
( B e a u c h a m p 1911), possibly since the flagellum takes over the main 
role in cell movements. 

Both contractile systems may substitute for each other dependent 
on the environmental conditions. 

In contrast to the anterior-posterior contraction (Fig. 1 a, Pl. I 12, 
13) the "peristaltic" movements (Fig. 16) are independent of the be-
haviour of the flagellum and may occur during swimming forward. These 
movements were studied in detail in E. gracilis ( M i k o ł a j c z y k 
1972). The contraction ring appears in the posterior par t of the body 
and progresses to the front (Pl. I 1-6). 

H o f m a n n and B o u c k (1976) suggested the existence of se-
parate contractile s tructure responsible for changes in the cell shape in 
longitudinal and transverse direction. The disappearance of the peris-
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taltiC wave transmission when the cell is constricted by means of the 
electronic fluid "Fluorinert" ( M i k o ł a j c z y k and D i e h n 1979) — 
whereas the anterior-posterior contractions are not canceled by this 
fluid — seems to confirm the interpretation suggested by K u ź n i c k i 
and M i k o ł a j c z y k (1973). 

Peristaltic movements are not controled by the same mechanisms 
which are responsible for longitudinal or lateral cell shape changes. 
Rhythmic peristaltic waves appear only in those individuals which pre-
viously underwent anterior-posterior contraction and did not re turn 
to their initial cylindrical shape on their whole length. We believe that 
the peristaltic wave would, therefore, be a manifestation of local re turn 
of the elastic structure of the pellicular complex to normal. The cons-
triction advancing from the posterior to the anterior end of the eug-
lena's body produces a shift of endoplasm and an increase of the body 
thickness in other parts of the cell. This determines the long duration 
and rhythmic character of the peristaltic movements. In brief, peristaltic 
waves would be the result of straining of elastic structures without full 
relaxation of the contractile system. On this basis we advance the 
opinion that in Euglena gracilis there exists only one contractile system 
integrated with the flagellum. The return of the cell to its normal 
elongated shape is the consequence of relaxation of the sac-like contrac-
tile system with simultaneous return to the initial position of the 
previously (during contraction) stretched elastic structures included in 
the pellicular complex. 

Structures Involved in Contraction and Relaxation 
of the Cell Body 

P e r t y (1852) was the first to speculate on the mechanism of 
euglenoid movements and the localisation of cell structures. D a n-
g e a r d (1902), G ü n t h e r (1927), P r i n g s h e i m and H o v a s s e 
(1950) and D i s k u s (1956) believed the contractile structures to be 
present within the periplast (diagram of strip structure shown in Fig. 6 

Fig. 6. Scheme of the fibrillar system within the pel-
licular strip of Euglena gracilis. A, B, C — groups of 
microtubules. Broken lines — fibrills connecting: 1 —• 
microtubule A with periplast (P); 2, 5 — microtubule 
A with microtubules of group B; 3 — microtubule A 
with fibrillar continuous structure (fibrillar sac); 4 — 
microtubule of group B with periplast (P). Arrows 
show the fibrillar continuous structure (fibrillar 

sac) 
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and Pl. VI 30). H i l m b a u e r (1954), P i t e l k a (1963) and L e e d a i e 
(1966), however, claimed that these s tructures should be searched for 
in the endoplasm. At present all authors agree that changes in the 
shape of Euglena are caused by processes occurring in the pellicular 
complex of the cell. The endoplasm and the structures within it are 
passively shifted. The pellicular complex includes: periplast, micro-
tubules, and fibrillar s tructures which are taken into account when 
discussing the mechanisms of contraction. The knowledge of their 
structure and distribution became possible owing to electron micro-
scopy. 

Various contradictory hypotheses have been advanced concerning 
the participation of the particular pellicular complex s tructures in 
euglenoid movements. Microtubules are present in this complex in all 
Euglena examined so far . In E. gracilis elongated microtubules appear 
at the basis of the reservoir (Fig. 7, Pl. I l l 19-21), they run along it 

as if forming a basket around it. They fu r the r become components of 
the pellicular strips appearing at the outlet of the reservoir (PL VI 28, 
29). At the reservoir neck level circular microtubules may be seen 
lying outside the longitudinal ones (Pl. V 24, 25) (W o 1 k e n and P a -
l a d e 1953, S o m m e r 1965, L e e d a i e 1967, B u e t o w 1968, P i -
t e l k a 1968). In the strips the microtubules form three groups. The 
first (A) is situated in the ridge of the strip, the second (B) at the level 

Fig. 7. Diagrammatic representation of 
the reservoir of Euglena gracilis. I — 
bottom, II — reservoir bulb, III — neck, 
IV — outlet. LF — locomotory f lagellum, 
NF — nonemergent f lagel lum, PFB — 
paraflagellar body, S — stigma, lm — 
longitudinal microtubules, cm — circu-
lar microtubules, fm — fibrillar matrix 

http://rcin.org.pl



15 

of the notch on the strip (where the lat ter is deprived of periplast) 
and the third (C) beneath the groove of the strip (Fig. 6, PI. VI 30). 

The number of microtubules is variable and depends not only on 
the Euglena species, but also on their location within the given cell. 
For instance E. acus and E. gracilis have in the dorsal par t one or two 
microtubules, whereas Distigma proteus has 4-9 (M i g n o t 1965, 1966). 
The number of microtubules in the anterior or posterior part of the 
Euglena viridis cells is larger than in the middle par t ( F o i s s n e r 
1977). This may be connected with the reduction of the pellicular strips 
closer to the body end and the entrance into the reservoir depression 
(Fig. 2 a). 

Both an active and a passive role is ascribed to microtubules in 
euglenoid movements. M i g n o t (1965, 1966), L e e d a l e et al. (1965), 
L e e d a l e (1966, 1967) and G u 11 m a n and Z i e g 1 e r (1974) advanced 
the supposit ion' that microtubules maintain and restore the normal 
shape of Euglena a f te r contraction, but they have no effect on body 
contractions. In E. acus — a rigid organism — there is only one micro-
tubules in group A (ridge), whereas in the extremely contractile 
Distigma proteus there are 4-9. 

Recently H o f m a n n and B o u c k (1976) put in doubt the view 
that microtubules may play a cytoskeletal role. "Ghosts" of E. gracilis 
cells, in spite of the absence of microtubules, maintain their striated 
shape. The cell shape and that of the individual strips are stabilised 
by protein components of the periplast. This supposition was confirmed 
lately by L e f o r t - T r a n et al. (1980). These authors consider that 
in E. gracilis the periplast has a fibrillar s tructure. This 100-120 A 
electron dense layer underlying the cell membrane consists of twisted 
fibres of 10 nm diameter arranged periodically at 20 nm intervals. 

Dasgupta (1964), Arnott and Walne (1967), Arnott and Smith (1969), 
Hofmann and Bouck (1976) ascribed to microtubules an active role in 
the changes of boody shape of Euglena. In our opinion the latter paper 
is the most clear-sighted contemporary analysis of the mechanism of 
euglenoid movement. H o f m a n n and B o u c k (1976) suggested the 
hypothesis of the existence in E. gracilis cells of two independent 
systems of contractile mechanisms. One would be responsible for lon-
gitudinal contraction and the other for peristaltic waves. According to 
these authors, anterior-posterior body contractions are due to fibrils 
arranged perpendicularly to the microtubules (cross bridges, Fig. 6 6). 
The result of their interaction is a sliding of the microtubules B in 
relation to one another, giving as effect a shortening of the long body 
axis. This system would also be responsible for relaxation of the cells. 

Submembraneous (periplast) and traversing fibres, according to the 
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same authors, are responsible for the peristaltic waves and expansion 
of the pellicle strips (Fig. 6, PI. VII 31-33). 

The supposition of H o f m a n n and B o u c k (1976) concerning 
the interaction of periplast in the side contractions (peristaltic move-
ments) of Euglena has been lately confirmed by Lefort-Tran et al. 
(1980). According to the lat ter authors, it not only takes par t in eugle-
noid movements (cell curling) but it could play a role in retaining the 
ridge af te r disruption. 

The ul t ras t ructure of the reservoir is different f rom that of the 
strips. Within the reservoir, at the level of the neck a fibrillar matr ix 
was noted lying between the longitudinal and circular microtubules 
( S o m m e r 1965, S o m m e r and B l u m 1965, B u e t o w 1968) (PI. 
V 24, 25). P i c c i n i and O m o d e o (1975) at tr ibute to this matr ix 
contractile properties changing the shape of the reservoir. 

M i k o ł a j c z y k and D i e h n (1979), on the other hand, are of 
the opinion that the change of the reservoir shape is the result of 
interaction between the longitudinal microtubules and the fibrils joining 
them to one another and to the resorvoir membrane (Pl. V 25, 26). In 
the present paper we advance our view which differs f rom those sug-
gested to date concerning the s tructural basis of euglenoid movements. 
We believe that anterior-posterior changes of body shape in E. gracilis 
are due to the contraction of the fibrillar layer lying immediately under 
the pellicular strips. (This layer in Fig. 6 and PI. I 31-33 is denoted 
by arrows). There is no doubt that this s t ructure forms a continuous 
layer (sac) separating the pellicular complex from the cell interior. It 
is not known whether it also lines the reservoir. This layer corresponds 
to what is called traversing fibres by H o f m a n n and B o u c k 
(1976). 

Observations of the behaviour of living Euglena and analysis of the 
cross sections of the strips were the basis for the conclusion that the 
anterior-posterior contraction is produced by this continuous fibril lar 
layer. During the anterior-posterior contraction the strips slide passi-
vely on this fibrillar sac. The range of contraction undergone by the 
cell f rom elongated form to disc shape would cause, if there existed 
contractile structures within the strips, deformation of the lat ter 
(changes of the cross sections) which would be impossible in view of 
the parallel close arrangement of the strips in elongated protozoans. 
The endoplasmic reticulum lies in the endoplasm under the f ibri l lar 
sac in its nearest neighbourhood, whereas it is absent in all membra-
neous structures of this type within the strips. 

Fibrillar s tructures within the strips (Fig. 6 1-6), together with the 
fibrillar s t ructures forming the periplast and microtubules, are sub-

V 
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jected to stress during contraction, which would bring the cell back 
to its cigar-like shape. These stresses would also play an essential role 
in peristaltic movements, according to the interpretation of their char-
acter and mechanism given in the preceding chapter. 

In this connection it would seem not very probable that there 
would be an interaction between the microtubules and the intercon-
necting fibres (Fig. 6 1-6) — analogously as in the dynein-microtubular 
systems, as postulated by other authors and most recently H o f m a n n 
and B o u c k (1976). 

Crucial Problems 

Our hypothesis of the principle and mechanisms of euglenoid move-
ments like all those previously advanced is of speculative character, 
above all because of the lack of immediate evidence that the fibrillar 
s t ructures are capable of contraction. We do not even know whether 
in this group of organisms body contraction is caused by the interaction 
of actin and myosin or some other molecular mechanism. 

Initial biochemical studies of the pellicular layer consisted in the 
analysis of their chemical composition from the aspect of their per-
centual content of proteins, lipids and sugars (B a r r a s and S t o n e 
1965, K e m p n e r and M i l l e r 1965). 

It is only lately that H o f m a n n and B o u c k (1976) and G a 1-
i o et al. (1978) started a series of biochemical and immunological 
investigations in order to check the existence of an actino-myosin system 
in Euglena. 

Analysis of the protein components of E. gracilis cell "ghosts" on 
acrylamide SDS gel performed by H o f m a n n and B o u c k (1976) 
demonstrated the presence of a protein with molecular weight 75 000 
which proved to be the main immunogenic component of the pellicle. 
Moreover, the presence of 25 000, 40 000 and 80 000 proteins (main 
strips) and from 25 000 to 200 000 (weaker strips) was noted. It remains 
an open question whether the detected proteins or the products of 
their degradation are actually molecules involved in the contraction 
phenomena. 

J i r o v e c (1929) and K l e i n (1930) ascertained the presence in 
flagellates of the Euglenoidina group of a silverline system very similar 
in its architecture to that described previously in Ciliata. C h a d e f a u d 
(1937, 1938), C h a d e f a u d and A r l e t (1944) considered that the 
argentophilic system of Euglena is not of fibrillar nature nor is it an 
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element of the cell pellicular complex. It consists simply of impregnated 
pellicular strips. Comparative studies on the argentophilic system of 
Euglena with the use of light and electron microscopy prompted :some 
authors to the conclusion that the argentophilic system cannot be con-
sidered artefacts (P o c h m a n 1953, M i g n o t 1965, 1966, S c h a n t z 
et al. 1975, F o i s s n e r 1977). The lat ter author combined investigation 
of silver-impregnated preparations with physiological observations. He 
established relationships between euglenoid movements and the argen-
tophilic system. He also demonstrated that cytochalasin B (CCP) des-
troys this system. In all E. viridis cells with impaired argentophilic 
system the euglenoid movements were inhibited. 

In our opinion the described argentophilic system is identical with 
some elements of the interconnecting fibres (Fig. 6 1-6). The fibrillar 
structures (fibrillar sac), however, which, according to our belief, control 
body contraction cannot be impregnated by this method. This impreg-
nation method reveals only certain characteristic traits of the s t ructure 
of some fibrillar systems which are, however, strikingly similar in 
Euglena and in Ciliata. This resemblance may, therefore, be considered 
indirect evidence that the fibrillar systems of these ciliates are derived 
f rom those occurring in Euglena. 

Euglenoid movements are probably one of the most primitive forms 
of contraction phenomena, giving as effect a change of the body shape 
of eukaryotic cells. They appeared in the pr imary flagellates and have 
subsisted in but little changed form in some Euglena species. I n ' i t s 
pr imary form this was a contraction with a dual function: locomotor 
and making an avoidance reaction possible. The avoidance reaction and 
the change of swimming direction connected with it are also evoked 
in flagellates by specific contractile phenomena occurring in the flagel-
lum. In the contemporary forms known to date which have flagella 
and exhibit euglenoid movements these two contraction processes are 
closely related. The flagellum is the first to react to an external' s t imu-
lus, notwithstanding stimulus character or receptor — the body shape 
changes later. On the basis of up-to-date knowledge it cannot be decided 
which of the motor systems was the pr imary one and which secondary. 
The above described sequences seem to speak in favour of the flagella 
movement as primary. The parallel development of both systems can-
not, however, be ruled out. It seems highly probable, however, that 
the pr imary contractile system in the cytoplasm developed directly 
under the membrane (as in the case with the development of sarco-
meres in mammal embryos). Simultaneously the pr imary flagellates 
had a restricted possibility of shifting their plasma since it was limited 
by the cortical layer. This means that the pr imary flagellate cell 
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resembled a sac with contractile properties in various directions, pre-
serving, however, always the same volume. In the group from which 
Euglenoidina are derived the tendency to a rigid cortical layer prevailed 
and probably none of the contemporary forms exhibits the "flexibi-
l i ty" which the primary forms possessed. 

Considerations on the relation between euglenoid movements and 
muscle contraction systems are difficult, owing to the lack of knowledge 
of contractile and regulator proteins conditioning body contraction in 
Euglenoidina. At any rate the ul t ras t ructure of the fibrillary sac and 
of other fibrils of the pellicular complex differs essentially from those 
so far described in muscle and nonmuscle actino-myosin systems. Even 
if the contraction processes conditioning euglenoid movements are 
based on a specific molecular principle in the process of evolution the 
relationship of the flagellum-reservoir system and the fibrillar Systems 
occurring in Euglena could have served as basis for the development of 
receptor effector systems in multicellular organisms. K u z n i c k i 
et al. (1979) demonstrated the presence of calmodulin in the cells .of 
E. gracilis, it is, therefore, quite probable that the calmodulin-Ca2"t~ 
complex regulates not only the contraction mechanisms of both systems 
(flagellar and fibrillar), but also the interaction between them. 

C h e n (1950) advanced the supposition that in Euglenoidina the 
locomotor flagellum and reservoir have a coordinating func t ion , ' p re -
serving the elongated body shape during swimming, creeping and 
spiralisation. This suggestion has been confirmed by our microsurgical 
experiments with Peranema trichiphorum (PI. VIII and IX). The cutting 
off of even a small f ragment of the anterior par t of the cell makes any 
coordinated movement of the remaining f ragment impossible, whereas 
the anterior fragment of Peranema with intact reservoir b'ehaves like 
an intact organism. 

It would seem, therefore, that one of the evolutional tendencies 
within Euglenoidina, if they preserved their ability of changing the 
cell shape, was the perfecting of the interaction between the flagellum 
and the receptor (sensory) system connected with it, and the contractile 
system of the body. 

V i n n i k o v (1946, 1971, 1974, 1979) considered, on the basis of 
comparative studies, Euglena as cellular s tructures being the starting 
point in the evolution of receptor s tructures of Metazoa. The informa-
tion and arguments compiled in this paper lead to a fur ther-reaching 
conclusion. Flagellates with a s tructure similar to that of Euglena pos-
sessed a functional and structural basis for the simultaneous develop-
ment of two system — the receptor and the effector one. The former 
arose by transformation of the flagellum and reservoir structures with 
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the microtubular junctions, the latter f rom fibrillar structures 
separating the pellicular complex f rom the endoplasm. 

To conclude, we believe that the primeval Flagellata f rom which 
the contemporary Euglena are derived both as regards ul t rastructure 
and lunctions, may have constituted the original form in the evolution 
of Metazoa organisms. 
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EXPLANATION OF PLATES I - IX 

Pl. I. 1-6: Consecutive stages of the peristaltic w a v e of Euglena gracilis. Arrows 
mark contracted zone, (according to M i k o ł a j c z y k 1972) 
7-11: Turning around of Euglena gracilis inside a narrow capillary. (Cinemato-
graphs). Anterior end (a), posterior end (p) of the cell; arrows show the direction 
of turning 
12-13: Longitudinal contradiction of Euglena gracilis. Arrows mark the direction 
of contraction. (Cinematograph) 
Pl. II. 14-17: Light microscopic pictures of different forms of euglenoid movement 
of Euglena ehrenbergii. (according to M i k o ł a j c z y k 1975) 
18: Electronmicrograph of the cross section of the pellicular complex of Euglena 
ehrenbergii. Nontreated cell, (according to M i k o ł a j c z y k 1975). X 40 000 
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PI. III. 19-21: Elect ran mic r ographs of the proximal part of the f lagel la of Euglena 
gracilis 
19: Longitudinal s ec t ion through the locomotor f l a g e l l u m with paraf lagel lar b)dy . 
Cell treated w i t h 80 nl ethanol /5 ml cell suspension. X 30 000 
20: Longitudinal sect ion through the locomotor f l a g e l l u m with kinetosome, Cell 
treated w i t h 70% glycerol . X 30 000 
PI. IV. 21: Cross sect ion through the kinetosomes . Nontreated cell . X 45 000 
22: Paraf lage l lar body vis ible in the light microscope. Cell f i x e d wi th glutaxalde-
hyde and o s m i u m tetroxide 
23: Electronmierograph of the locomotor f l age l lum w i t h paraf lagel lar body. Non-
treated cel l . X 75 000 
PI. V. 24-27: Electron mi crog r a ph s of the reservoir bulb and reservoir neok of 
Euglena gracilis 
24: Longitudinal sec t ion through the reservoir neck wi th vis ible circular microtu-
bules (cm); longitudinal microtubules (lm) and f ibri l lar matr ix b e t w e e n t h e m (fim). 
Cell treated w i t h ionophore — 40 nM A 23187. X 37 500 
25: Cross section through the reservoir neck, with circular (cm) and longitudinal 
(lm) microtubules and fibrillar matrix (fm). X 60 000 
26: Cross sect ion through the 'middle part of t h e reservoir. Arrows mark fibrils 
connect ing longitudinal microtubules wi th reservoir membrane. Euglena treated 
w i t h 15 mM Triton X-100. X 45 000 
27: Cross section through the 'middle part of t h e reservoir wi th v i s ib le f ibrils 
connect ing longitudinal microtubules (arrows). Cell treated w i t h 70% glycerol. 
X 75 000 
PI. VI. 28-30: Electronmicrographs of the reservoir outlet of Euglena gracilis wi th 
pel l icular strips apparent in this region. 
28: Oblique section. Euglena treated wi th 80 M! ethanol /5 ml ce l l suspension. 
X 22 500 
29: Cross sect ion w i t h very w e l l marked pel l icular strips (PS). Nontreated cel l . 
X 22 500 
30: Cross sect ion through pel l icular strips w i t h t h r e e groups of microtubules: A — 
arranged under the pe l l i cu lar ridge. B — on t h e leve l of pel l icular notch (N), 
C — under the pel l icular groove. Nontreated cell. X 75 000 
PI. VII. 31-33: Electronmicrographs of f ibri l lar structures of the pel l icular complex 
of Euglena gracilis. 
31: Sec t ion of t h e cell wi th cont inuous f ibri l lar structure separating cytoplasm and 
pel l icular complex (arrows). Cell treated w i t h 1 mM CTAB. X 6000 
32: Cross sect ion of the pel l icular strips w i t h v i s ib le cont inuous f ibri l lar structur-
es (arrows). Periplast (P). Cell treated wi th 1 mM CTAB. X 45 000 
33: Fibril lar sys tem wi th in the pel l icular strips. Fibrils connect ing: 1 — microtu-
bule A wi th periplast (P), 2, 5 — microtubule A wi th microtubules of group B; 
3 — microtubule A wi th cont inuous f ibri l lar structures (arrows); 4 — microtubule 
of group B w i t h periplast (P); 6 — microtubules of group B among themselves . 
C T A B treated cell. X 75 000 
PI. VIII. 34-39: Uncoordinated body m o v e m e n t s of a posterior fragment wi thout 
f lage l lum and reservoir of Peranema trichophorum. a — anterior fragment (non-
moti le) 
PI. IX. 40-49: Coordinated body movements of an anterior fragment of Peranema 
trichophorum 

Abbreviations used: 
LF — locomotor flagellum, NF — nonemergent flagellum, S — stigma, PFB — parsflagellar 
body, T — tooth, N — notch, PS — pellicular strip, PL — plasmalemma, P — periplast, 
R — reservoir, m — microtubules, cm — circular microtubules, lm — longitudinal micro-
tubules, f — fibrils, fm — fibrillar matrix. 
For electronmicroscopic procedure see — M i k o ł a j c z y k and D i e h n (1976). 

http://rcin.org.pl



ACTA PROTOZOOL. VOL. 20, No. 1 PLATE II 

E. M i k o ł a j c z y k e t L. Kuźnicki auctores plnot. 

http://rcin.org.pl



ACTA PROTOZOOL. VOL. 20, No. 1 P L A T E II 

E. Miko ła jczyk et L. K u ź n i c k i auctores plnot. 

http://rcin.org.pl



A C T A PROTOZOOL. VOL. 20, No. 1 PLATE VIII 

E. Mikolajczyk et L. Kuznicki auctores phot. 

http://rcin.org.pl



ACTA PROTOZOOL. VOL. 20, No. 1 P L A T E II 

E. M i k o ł a j c z y k e t L. Kuźn ick i auctores plnot. 

http://rcin.org.pl



http://rcin.org.pl



A C T A PROTOZOOL. VOL. 20, No. 1 P L A T E II 

E. M i k o ł a j c z y k e t L. K u ź n i c k i a u c t o r e s plnot. 

http://rcin.org.pl



http://rcin.org.pl



A C T A PROTOZOOL. VOL. 20, No . 1 PLATE VIII 

http://rcin.org.pl



A C T A PROTOZOOL. VOL. 20, No. 1 P L A T E VIII 

http://rcin.org.pl



http://rcin.org.pl



A C T A P R O T O Z O O L O G I C A 
Vol. 20 (No. 1) W A R S Z A W A , 31 III 1981 pp. 25-38 

Department of Cell Biology, M. Nencki Institute of Experimental Biology, 02-093 Warszawa,. 
3 Pasteur Street, Poland 

J u l i t a B A K O W S K A 

The Ultrastructural Analysis of the Regulation of Frontal Cirri in, 
Paraurostyla weissei 

Received on 2 August 1980 

Synopsis. A s ize-dependent regulat ion of frontal cirri (FC) of P. weis-
sei has been shown. Cells of normal and reduced size possess ing 6 FC 
disposed in two rows have been morphometr ica l ly analysed. The total 
number of k inetosomes (Nks) composing each cirrus and the number 
of transverse k inetosomal rows (KsR) in FC is reduced together wi th 
the cell dimensions. The ratio NKs/KsR is size dependent for all e x -
cept the last posterior cirrus. The results are discussed in relation the 
morphogenes is of frontal cirri and to regulat ion of other ciliary stru-
ctures. 

The ul t rastructural studies on regulation of cortical pat tern in 
Paraurostyla weissei have been undertaken paralelly on different com-
plex ciliary structure. The analysis of alterations within the oral cilia-
ture caused by cell size reduction ( B ^ k o w s k a and J e r k a - D z i a -
d o s z 1980) revealed that the elements of ciliary pat tern existing as 
a single s t ructure (preoral membranelles) are not eliminated when the 
cell dimensions decreases. The number of serially repeated structures 
such as frontal and ventral adoral membranelles is proportionally re-
duced. The size of ventral membranelles decreases together with the 
dimensions of cell. The results of studies on regulation of left marginal 
cirri ( B ^ k o w s k a 1980) indicate that both the number of adoral 
membranelles and left marginal cirri is size dependent, the proportion 
between them is characteristic for a given cell size. The number of 
kinetosomes composing left marginal cirri and the kinetosome distribu-
tion within these cirri changes together with the organism's size. The 
size reduced cells possess less numerous and smaller left marginal 
cirri. 

The present paper is the third part of the study on changes in 
u l t ras t ructure of ciliary organelles caused by cell size reduction. The 
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paper concerns the regulation of size of individual elements being the 
anterior f ragments of FVT primordial streaks ( J e r k a - D z i a d o s z 
and F r a n k e l 1969). The morphometric analysis indicates that alte-
rations of the cell size lead to the reduction of the total number of 
kinetosomes composing each cirrus. Both the length and the width of 
cirri are regulated in a definite and unproportional manner. The results 
a re discussed in relation to the morphogenesis of these s tructure and 
the previous results concerning ciliary pat tern regulation in P. weissei. 

M a t e r i a l a n d M e t h o d s 

The line Z-6 of Paraurostyla weissei is used in this investigations. The line 
has been isolated from a single exconjugant after total conjugation ( J e r k a -
- D z i a d o s z and J a n u s 1975). The cells were maintained in sterile Prings-
heim solution and fed on green algae Chlorogonium after H e c k m a n n (1963). 
The observations were preformed on single cells of normal and reduced 
size. The size-reduced cells were obtained as previously described ( B ^ k o w s k a 
and J e r k a - D z i a d o s z 1980). The cells analysed under light microscope Or-
tholux Leitz Wetzlar were stained with proltargol after ( J e r k a - D z i a d o s z 
and F r a n k e l 1969). For electron microscopy, cells were prepared using me-
thods described in previous publications ( B ^ k o w s k a and J e r k a - D z i a -
d o s z 1978, 1980). Kinetosomes in cirri were scored on ultrathin sections exa-
mined under an electron microscope JEM 100B. 

The number of kinetosomes composing frontal cirri and the number of trans-
verse kinetosomal rows in which kinetosomes are disposed within cirri were- sta-
tistically analysed using: multiple linear regression analysis and two tests for 
proportionality described in previous publication ( B ^ k o w s k a and J e r k a -
D z i a d o s z 1980). The description of these routine techniques can be found in 
S o c a l and R o h l f (1969). Preparation of the statistic (programs and computa-
tions were performed by the Computing Center of the Polish Academy of 
Sciences. 

R e s u l t s 

Each cell of P. weissei possesses six or eight frontal cirri (FC). The 
cirri are disposed into two transverse rows — anterior (A) and posterior 
(P). The cirral rows are located immediately posterior to the frontal 
par t of adoral zone of membranelles (fAZM). The frontal cirri in each row 
are enumerated f rom left to right (PI. I 1). The anterior frontal cirri 
( F C a ) are slightly larger than the posterior ones ( F C P ) . The kinetosomes 
with in each cirrus are disposed in longitudinal and transverse rows. 
(PI. I 2). The longitudinal rows can be considered as kineties according 
to de P u y t o r a c et al. (1976). Kinetosomes can be disposed within 
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Fig. 1. The first (A) and the second (B) pattern of teinetosome disposition within 
anterior frontal cirri in normal and size-reduced cells. I, .II and III — the enu-

meration of frontal cirri 
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Fig." 2. The first A and the second B pattern of ikinetosome disposition within 
posterior frontal cirri in normal and size-reduced cells. I, II and III — the enu-

meration of frontal cirri 
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Table I 

The number of kinetosomes composing FC, the number of transverse kinetosomal rows 

FCAI I FCAII 

the total num- the number of the number of 
the number 

the total number 
ber of kinetoso- transverse rows kinetosomes in the number of kinetosomes the number of 
mes in cirrus of kinetoso- the anterior of analysed in cirrus transverse rows 

mes transverse row cirri of kinetosomes 

range mean 
mes transverse row 

range mean 

86 86 13 3 • 1 76 76 10 
79 79 10 4 1 73 73 9 

62-67 64.5 9 4 2 48-62 55-25 8 
46-56 49.9 S 4 5 42-50 47.3 7 
32-44 36.0 7 2-4 3 20-38 28.3 6 
24-29 26.5 6 2 2 
16-23 19.0 5 2 3 16-21 1-8.5 5 

13 13.0 4 2 1 12 12 4 
FCpI FCpII 

63 63 7 9 1 
52-57 54.5 6 8 2 A3 43 6 -
31-54 43.6 5 4-9 5 25-42 34.6 5 
17-33 22.0 4 4-5 6 13-19 16.25 4 

11 11 3 2 1 11 11 3 

frontal cirri according to two patterns. In the first pattern, the number 
of kinetosomes in subsequent transverse rows increases f rom anterior 
to posterior margin of cirrus (Fig. 1). In the second pat tern, the number 
of kinetosomes in transverse rows increases similarly as it is in the 
first pattern, but one or two posterior rows are shorter than the pre-
vious ones (Fig. 2). The frequency of occurrence of these two pat terns 
seems to be equal in the case of anterior f rontal cirri, while the kineto-
somes within posterior cirri are disposed mostly according to the first 
pat tern. 

The internal architecture of frontal cirri (the kinetosomal connec-
tives and the fibrous basket) is similar as previously described for 
other cirri ( B q k o w s k a 1980). There have been no differences found 
in ul t ras t ructure of f ronta l cirri between normal and size reduced cells. 
Kinetosomes forming the right kinety possess several postciliary micro-
tubules, while the remaining kinetosomes are accompanied by single, 
very short postciliary microtubules. The last (left) kinetosome of each 
transverse row possesses several transverse microtubules. Microtubular 
fibers connected with f ronta l cirri are very prominent. The anterior 
f rontal cirri do not possess a separate anterior longitudinal fiber (AL) 
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in FC and the number of kinetosomes in the anterior transverse row in frontal cirri 

FCAII FCA ra j 

the number 
of kinetoso-

mes in the 
anterior tran-

the num-
ber of 

analysed 
cirri 

the total number 
of kinetosomes 

in cirrus 

the number 
of transverse 

rows of kine-
tosomes 

the number 
of kinetoso-

mes in the 
anterior tran-

the num-
ber of 

analysed 
cirri 

The size 
of cells 

sverse row range mean sverse row 

4 1 
4 1 normal 
3 8 44-57 50.67 8 3 3 
3 3 38-45 42.67 7 3 3 

2-3 6 22-31 27.81 6 2-3 5 meedium 

7 
2 

2 
1 

tiny 

FCpII FCpIII 
normal 

5 1 29 29 6 2-4 2 
4-6 5 17-34 23.17 5 2-3 6 medium 
2-4 4 16-20 18.00 4 2-3 2 

3 1 8 8 3 2 1 tiny 

as do the remaining cirri of P. weissei. Instead, numerous microtubules 
attached to the anterior and left margin of cirral basket together with 
transverse microtubules form several bundles directed anteriorly. These 
bundles marge with microtubules forming the submembranellar fiber 
(SMF) connected with frontal membranelles ( B ^ k o w s k a and J e r -
k a - D z i a d o s z 1978). A similar connection of microtubules running 
f rom frontal cirri with microtubular system accompanying frontal mem-
branelles has been described in P. hymenophora ( G r i m e s and 
L'H e r n a u 1 1 1978) and Stylonychia (T u f f r a u et al. 1968, de P u y -
t o r a c et al. 1976). The small subectoplasmic rootlet (SSR) connected 
with ventral and marginal cirri is absent. Microtubules originating in 
the posterior margin of cirrus join the postciliary microtubules con-
nected with kinetosomes of the right kinety and together they form 
the posterior longitudinal fiber (PL) directed posteriorly. The posterior 
frontal cirri possess the microtubular system less prominent than char-
acterizing anterior frontal cirri. The microtubules originating in anterior 
and left cirral margin form a single fiber. The first posterior frontal 
cirrus (FCpI) possesses microtubular connections with microtubular 
system of preoral membranelles. 

http://rcin.org.pl



20 J. B A K O W S K A 

In order to analyse the alterations of size of frontal cirri the number 
of kinetosomes and the number of kinetosomal transverse rows were 
counted in each cirrus. The results concerning the kinetosomal com-
position of frontal cirri are groupped according to the cirral enumera-
tion and cell sizes. The data are listed in Table 1. The reduction of cell 
size is connected with decrease of both the total number of kinetosomes 
composing cirri and the number of transverse kinetosomal rows in which 
kinetosomes are disposed. Comparison of the subsequent groups of cirri 
shows that kinetosomes of anterior cirri are disposed in more numerous 
transverse rows than the similar number of kinetosomes composing 
posterior cirri. In anterior frontal cirri the number of kinetosomes 
composing the first transverse row changes f rom 4 to 2. In the first 
posterior frontal cirri the number of kinetosomes composing this row 
changes f rom 9 to 2 and in the second posterior cirrus — f rom five to 
two. The results presented in Table 1 also show that the cirri posses-
sing the same number of transverse kinetosomal rows may differ in 
the total number of kinetosomes composing them. This indicates that 
the kinetosome number range ra ther than their particular number is 
connected with a given number of transverse kinetosomal rows. 

The statistical analysis of the relation between the number of 
transverse kinetosomal rows in a cirrus (KsR) and the total number 
of kinetosomes (NKs) composing it has been performed separately for 
each group of cirri of the same designation. The results are listed in 
Table 2. The regression analysis shows that the values of coefficients 
a and b are similar in the case of all except FC IIIP, cirri. In order to 
find out whether the differences are significant they were compared 
using analysis of multiple regression. The analysis revealed that 'both 
regression coefficients are significantly different (a — F = 17.097, 
Fo.oi - 3.25, D F = 5/81, b — F = 3.5606, F00i = 3.26, D F = 5/76). T h e 
fu r the r analysis revealed that excluding the FCAI and FCPIII the re-
maining frontal cirri do not differ significantly in respect to the values 
of coefficient b at P = 0.05. Thus, these coefficients can be replaced by 
the one, common coefficient b = 12.781. These data indicate that the 
elimination of one transverse row of kinetosomes is connected with 
reduction of the total number of kinetosomes composing each of these 
four cirri by about 13 kinetosomes. The comparison of coefficients a cal-
culated for these cirri show a statistically significant differences between 
them. That means, the lines illustrating the relation between the total 
number of kinetosomes and the number of transverse kinetosomal rows 
for each of the four cirri characterized by the same slopes but differ 
in respect to their elevation. Significant differences between the eleva-
tions indicate that the size (the total number of kinetosomes) of these 
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cirri are not similar. The relation between the total number of kineto-
spmes and the number of transverse rows in which they are disposed 
in the case of the remaining two cirri (FCAI and FCPIII) is described 
by the separate equations (Table 2, Fig. 3). The elimination of one t rans-
verse kinetosomal row is connected with the reduction of the total 
number of kinetosomes composing FCAI by about ten kinetosomes and 
FCplII by about 6.5 kinetosome. The fu r the r elimination of groups of 
cirri f rom statistical analysis shows that the relation between the NKs 
and KsR is similar when only anterior f rontal cirri are considered. In 
this case, both the coefficients a and b do not differ significantly. 
Therefore, these cirri are of similar size and elimination of one t rans-
verse row of kinetosomes in each of them is connected with the reduc-
tion of the total number of kinetosomes composing a given cirrus by 
about 10.5 kinetosome. These data indicate that the differences in re-
gulation of posterior cirri are statistically significant and greater than 
the ones characteristic for anterior cirri. 

In the equations describing the linear relation between the total 
number of kinetosomes composing cirri and the number of transverse 
rows in which kinetosomes of a cirrus are disposed, the confidence 
interval of Y-intercept does not include the value X = 0 in the case 
of all but one (FCPIII) of frontal cirri. The second test for proportiona-
lity reveals that the ratio NKs/KsR depends on the size of all cirri 
except the last posterior cirrus. Thus, FCPIII differs f rom the other 
in size, in the relation between the total number of kinetosomes com-
posing it and in the number of transverse kinetosomal rows. These 
characteristic features can be connected with the morphogenesis of this 
cirrus ( J e r k a - D z i a d o s z and F r a n k e l 1969). 

D i s c u s s i o n 

The question of how the developing system is regulated become 
especially acute in situation where both the size of elements and their 
number can change together with the organism's dimensions. This type 
of pat tern regulation is exemplified by ciliary system of Paraurostyla 
weissei. 

The somatic ventral ciliature of P. weissei is formed in a following 
way: ( J e r k a - D z i a d o s z 1980a): 

(1) Formation of kinetosomal pairs (so called — the first round 
of proliferation) and their ordering into longitudinal paired row (double 
kinety) paralell to the antero-posterior cell axis. 

(2) Addition of new kinetosome to the pre-existing pairs of kineto-

3 — Acta Protozoologica 20/1 
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somes (so called — the second round of proliferation). New kineto-
somes are added along the left margin of a double kinety. 

(3) Transverse fragmentat ion of the primordium begins a f te r the 
initiation but not before the termination of the second round of proli-
feration. 

(4) The final differentiation of the "cut off" segments of primordial 
streaks leads to the formation of mature cirri. 

(5) The process of new ciliary elements formation is accompanied 
by the resorption of the old set of ciliary structures. 

The second streak of The f irst s t reak c 
FVT primordium FVT primordium 

IIIA 
• o • u 

• O 
• o 
• ° JoO 

oo 
o ° 

OO 
o ° ' 

III, 
lOO. o° 

o ° 

p 
QO°oOO 

S g g g ? . " 

Fig. 4. The two first anterior parts of 
streaks of fronto-ventro-transverse cir-
rial primordium. The first segments of 
the two left primordial streaks which 
differentiate into frontal cirri. I—III — 
the enumeration of frontal cirri, A — 
segments forming cirri of the anter-
ior row, P — segments forming front-
al cirri of the posterior row, • — ki-
netosomal pairs formed in the course 
of the first round of proliferation, o — 
kinetosomes formed during the second 

round of proliferation 

The frontal cirri (except the f rontal cirrus I of the anterior cirral 
row) are formed in the above described way. Frontal cirri are the 
anterior segments of the first two (left) fronto-ventro- transverse streaks 
(FVT) of ciliary primordia (Fig. 4). The first (left) f rontal cirrus of the 
anterior cirrial row (FC IA) is formed partially of the kinetosomes of \ 
the primordium of preoral membranelles. After the lost of continuity 
with this primordium FC IA develops similarly to the remaining frontal 
cirri i.e., new kinetosomes are added to the preexisting ones in the 
course of the second round of proliferation ( J e r k a - D z i a d o s z 
1981b). In all (except FC I) f rontal cirri the first two kineties are the 
products of the first round of proliferation. 

The results of present investigations show that the length of anterior 
segments "cut off" f rom the FVT streaks undergoes regulation and 
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decreases together with the cell size. It has been shown for marginal 
cirri ( B a k o w s k a 1980) that the length of primordial streak is regu-
lated according to the cell size. Thus, it can be expected that the length 
of segments in the case of FC depends also upon the t9tal length of 
primordium streaks. The number of kinetosomes composing a given 
frontal cirrus is directly related to the number of transverse kineto-
somal rows in which they are disposed. The number of transverse 
kinetosomal rows in cirri is equal to the number of kinetosomal pairs 
in a "cut of f" segment. Thus, the results indicate that the intensity 
of both rounds of proliferation are interrelated and together determine 
the size of each ciliary structures — adoral and preoral membranelles 
( B q k o w s k a and J e r k a - D z i a d o s z 1980) left marginal cirri 
( B a k o w s k a 1980) as well as frontal cirri. 

The maximal number of kinetosomes in the anterior transverse row 
in each f ronta l cirri of the anterior cirral row is four. It means that 
during the second round of proliferation two kinetosomes have been 
added to the first kinetosomal pair of each primordial streaks. In cells 
of medium size only one kinetosome has been formed next to this 
kinetosomal pair. In tiny cells the first transverse row of these cirri 
consists of only two kinetosomes. This indicates that there has been no 
addition of kinetosomes to the existing kinetosomal pairs during the 
second round of proliferation. These facts suggest that the limits of the 
zone of the second round of proliferation are set up in different manner 
than these controlling the size of the zone of kinetosomal pairs forma-
tion. The analysis of LMC regulation ( B a k o w s k a 1980) revealed 
that in cells of normal size the posterior cirri are composed of two 
transverse rows with 4-5 kinetosomes in each of them, while in t iny 
cells kinetosomal rows in posterior cirri are composed only of two 
kinetosomes. This indicates that in posterior part of cells the similar 
relationship between the zones of both round of proliferation can occurs 
as described in this paper for the anterior par t of FVT streaks. 

There is little question that microtubule organizing centers (MTOCs) 
in cells play a major role in governing the temporal and spatial ordering 
of microtubular structure assembly ( T u c k e r 1979, F u l t o n and 
S i m p s o n 1979). Cells could position the nucleating elements for the 
first round of proliferation according to the species-specific pat tern 
and adjus t their number in respect to organisms size. The alternative 
possibility is that cells can activate in a needed quanti ty the preexisting 
nucleating elements disposed over cell surface according to the specific 
pat tern. The nucleating elements for the secound round of proliferation 
seem to be connected with preexisting pairs of kinetosomes. The 
length of paired kinety defines the maximal number of potential sites 
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for new kinetosome formation. In normal cells the extent of new kineto-
somal addition seems to be limited by the number of nucleating ele-
ments which is equal to the number of pre-existing kinetosomal pairs. 
The remaining material (except the nucleating elements for kinetosomal 
pair formation) is disposed over cell surface in such a manner that it 
decreases both to anterior and posterior poles of the cell. In normal 
cells the potential for kinetosomal formation lengthens beyond 
the paired kinety formed within LMC primordium and FVT primordial 
streaks. 

This relation between the extent of both round of proliferation is 
shown on the Fig. 5 A. That could explain why several kinetosomes are 
added to the first kinetosomal pairs of FVT streaks and to the anterior 

B 

Fig. 5. The schematic represen-
tation of the .supposed relation 
between the extents of two ro-
unds of proliferation in normal 
(A), medium-size (B) and tiny 
cells (C). The length of paired 
kiney is marked by the two pa-
rallell lines. The curved continu-
ous l ine indicates the extent of 
the second round of proliferation. 
The dashed lines mark the hy-
potetical .potentiality of kineto-
somal formation during the se-

cound round of proliferation 

and posterior kinetosomal pairs of LMC primordium. In cells of medium 
size, the length of double kinety formed within primordia of somatic 
ventral ciliature during the first round of proliferation seems to be 
equal to the extent of potential possibilities of kinetosomal formation 
during the second round of proliferation. This situation where only 
one kinetosome is added to the first kinetosomal pair of the streak is 
shown on Fig. 5 B. In t iny cells, the sites of new kinetosome addition 
are delimited not by the lack of nucleating elements connected with 
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pre-existing kinetosomal pairs but ra ther by the extent of available 
material for kinetosomal formation. That could explain why there is 
no kinetosomal addition to the first kinetosomal pair of primordial 
streaks. This relation is ilustrated in the Fig. 5 C. 

The newly formed kinetosomes along the left margin of paired kinety 
aquire the function of the kinetosomal pairs in nucleating new kineto-
somal formation. However, the subsequently formed kineties become 
progressively shorter. The number and the length of repetitively formed 
kineties next to the first paired kinety could be controlled in either 
of the two ways: (1) by the factor arresting the formation or activation 
of nucleating elements, (2) by exhausting of the precursors for kineto-
some formation other than MTOCs. 

The same frontal cirri of different cells being equally long segments 
of the primordial streak can differ in the number of kinetosomes com-
posing them. This could suggest that either the intensity of the second 
round of proliferation is not exactly controlled in respect to the length 
of s tructure (length of segment) or the pat tern of primordium segmen-
tation is to some degree random. The results obtained for the regulation 
of adoral membranelles ( B q k o w s k a and J e r k a - D z i a d o s z 1980) 
indicated that the intensity of both rounds of proliferation are precisely 
adjusted. On the other hand, the investigations on the regulation of 
left marginal cirri ( B q k o w s k a 1980) revealed that the pat tern of 
primordial streaks of similar length can differ . Therefore, it seems that 
the difference in primordium segmentation could be responsible for 
observed irregularities in formation of f rontal cirri. 

Summarizing above considerations it can be stated that the size of 
frontal cirri is regulated according to the cell dimensions. It seems that 
different factors are involved in regulation of both rounds of prolifera-
tion. Thus the final relation between the total number of kinetosomes 
composing each frontal cirrus and the number of transverse rows in 
which these kinetosomes are disposed within this cirrus could be the 
results of harmonious action of different controling factors. 
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EXPLANATION OF PLATE 1 

1: The anterior part of the size reduced cell in Paraurostyla weissei. I, II 
and III — the enumeration of frontal cirri, A — anterior row of frontal cirri, 
P — posterior row of frontal cirri, OPM — preoral outer membranelle , AZM — 
adoral zone of membranelle. 8160 X 

2: The first frontal cirrus of the posterior row (FCPI) of the cell of normal 
size 
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Short-range Positioning of Contractile Vacuole System in a Ciliate 
Chilodonella steini 

Received on 29 August 1980 

Synopsis. The unicel lular cil iate organism Chilodonella steini has we l l 
def ined ventral f ield. During divisional morphogenes is , (two sets of 
-i€w contract i le vacuole pore (CVP) primordia appear on this ventra l 
surface, wh i l e the old set of CVPs stil l persists and is resorbed later . 
The number and distribution of t h e C V P primordia mani fes t some 
variabi l i ty and indeterminacy of large-sca le pattern of CVPs in 
Chilodonella steini. N e w CVP primordia are a lways generated in the 
vicinity of t h e left-aniterior sites of the cil iary basal bodies. Dur ing 
maturat ion of the CVP primordia, they m o v e into a central posi t ion 
be tween ci l iary meridians, and a union of CVP structures w i t h we l l 
di f ferentiated subcortical spongiome takes place. This organe l logenes i s 
reveals some local autonomy, since CVP primordia near one another 
may d i f f er i n their rate of development . It f o l l ows f rom ,the a b o v e 
that the large-sca le m e c h a n i s m of posit ioning mani fe s t s s o m e inde-
terminacy, whi l e short-range f ine posit ioning has local and s tr ic t ly 
spatial ly oriented character. 

' Ciliates are single celled organisms with an ordered pa t t e rn of 
distribution of their organelles over the cell cortex. This spatial pa t te rn 
is controlled by a single nuclear apparatus operating in an unpart i t ioned 
cytoplasmic continuum. New pat tern formation results f rom genetical 
control but is influenced by the preexisting organization of the cell 
( S o n n e b o r n 1963, F r a n k e l 1974, 1979). These is evidence that 
the large-scale mechanism of positioning of organelles is encoded in 
the ciliate genome ( H e c k m a n n and F r a n k e l 1968, J e r k a -
D z i a d o s z and F r a n k e l 1979). Qualitatively d i f ferent neares t -
neighbour, or short-range positional control can be considered as 
a "supramolecular scaffold" ( F r a n k e l 1979) of developmental pro-
gram of pa t t e rn formation ( J e r k a - D z i a d o s z 1980 a). 
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Chilodonella steini is a ciliate species that reveals a striking varia-
bility of the spatial pat terns of its excretory organelles among sister 
cells of similar size. The contractile vacuole pores (CVPs) easily im-
pregnated with silver are markers of the underlying contractile vacuole 
system. In early dividing cells a large number of CVP primordia appear, 
exclusively on the well delimited ciliated ventral field. At this stage 
of morphogenesis the parental CVPs are still preserved. Their distribu-
tion marks the final parental pattern of the dividing cells. During fur-
ther development some of the CVP primordia develop, while others are 
resorbed with the total resorption of the parental CVPs. 

By studying CVP organellogenesis of early dividing cells of Chilo-
donella steini one may explore two different questions: 

(1) Does polymorphism reflect some indeterminacy of the large-scale 
mechanism of positioning or result f rom an indeterminacy induced by 
the preexisting pat tern and expressed at the ul t rastructural level? 

In some mutants of Tetrahymena N g and F r a n k e 1 (1977) and 
N g (1977) found that the local rotation of ciliary meridians in an area 
of expected occurrence of the CVP yielded the proper general place-
ment of this organellum. However, the fine positioning of the lat ter 
organellum was observed on the opposite side of an inverted ciliary 
meridian, as compared to the stable positioning of CVPs to the left of 
a nonrotated ciliary meridian. Thus the two sides of the CVP meridian 
have different morphogenetic properties, and this difference is deter-
minative in the asymmetrical fine-positioning of the CVP. Recognition 
of two different aspects of CVP formation, large-scale cellular organiza-
tion and fine-positioning has been also confirmed in fu r the r studies 
on Tetrahymena ( J e r k a - D z i a d o s z and F r a n k e 1 1979, N g 
1979). Studies on CVP differentiation in Chilodonella steini throw some 
light on the role of basal body in positioning of this organellum. 

(2) How is the actual CVP organellogenesis within cortical layer 
associated with differentiation of the specialized region of excretion in 
the cytoplasmic continuum? 

CVPs of ciliates are highly elaborated cortical s tructures which 
discharge the fluid content from the underlying contractile vacuoles 
(CVs) ( E l l i o t t and B a k 1964, F a u r 6 - F r e m i e t and R o u i 1-
l e r 1959, M c K a n n a 1973, P a t t e r s o n and S l e i g h 1976, J e r -
k a - D z i a d o s z , 1980 b). It is expected that the cortical organello-
genesis of the CVP primordium is somehow integrated with the com-
partmentalization of the subcortical excretory system (H a u s m a n n 
and A l l e n 1977). Studies on the CVP and the spongiome different ia-
tion in Chilodonella steini reveal the s tructural markers of this integra-
tion. 
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M a t e r i a l a n d m e t h o d s 

Chilodonella steini (Ciliata, Kinetofragmophora) R a d z i k o w s k i and G o-
ł e m b i e w s k a (1977) no>n-s#lfing line 527/10 in the immaturity period ( K a c z a -
n o w s k i et al. 1980) has been isolated from one exconjugant. The general 
characteristic of this species and methods of culturing of cells fol lowed these of 
R a d z i k o w s k i and G o l e m b i e w s k a (1977). The mean generation time of 
cells varied from 12-19 h when maintained in normal daily rhythm of light 
and fed every second day. 

Cells from two-day mass clonal culture were used either for si lver impreg-
nation ( F r a n k e l and H e c k m a n n 1968) or were isolated for electron micro-
scope fixation. In the latter case the early dividers were recognized by then-
modified shape and slight indentation in the right side of the equatorial zone. 
For EM studies the routine methods were used, with f ixation with glutaraldehyde 
of 0.5% in 0.05 M cacodylate buffer (15') fol lowed by 2% osmium in the same 
buffer (2 h) and stained with acetate uranyle. Unoriented sections were made 
with a diamond knife on LKB ultramicrotome III. Sections were analyzed wi th 
a Tesla Electron Microscope. 

R e s u l t s 

CVPs Differentiation as Observed at Cellular Level of Organization 
of Dividing Chilodonella steini 

Morphology and divisional morphogenesis of Ch. steini conforms 
the general scheme described by R a d z i k o w s k i and G o l e m -
b i e w s k a (1977). Polymorphism of CVPs distribution and the level 
of variability of CVPs pat tern have been recently described ( K a c z a -
n o w s k a in preparation). 

CVPs are distributed only over the ventral surface, but they never 
appear near the oral apparatus or at the margin of the ventral surface. 
In silvered specimens, CVPs appear as round black circles in the middle 
of certain pairs of ciliary meridians. In early dividing cells CVP pri-
mordia appear as the small dots or slits a c r o s s the intermeridional 
spaces. The CVP primordia are positioned exclusively at the left side 
of the selected ciliary rows preferentially in three longitudinal sectors 
( K a c z a n o w s k a in preparation). In early dividers new CVP pri-
mordia are readily distinguished from parental CVPs both by their 
shape and localization in the intermeridional space. One may discern 
some variability of the dimension of both parental CVPs and of CVP 
primordia. Parenta l CVPs in the postoral portion of the ventral surface 
are about 1.4 urn of diameter, while in the preoral part they are only 
about 0.7 ixm. of diameter. Very small CVP primordia occur in the 
preoral par t of the cell, and in postoral part in the vicinity of larger 
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perpendicular slits. During fu r ther divisional morphogenesis some new 
CVP primordia change into long perpendicular slits across the whole 
intermeridional space, while others remain with no transformation as 
dots at the left side of ciliary meridians. During early cytokinesis some 
CVP primordia (slits) are transformed into final round orifice in the 
middle of the intermeridional spaces, while the parental set of CVPs and 
some underdeveloped new CVP primordia (dots) completely disappear. 
Difierent fates of the CVP primordia might be based either on their 
d i f ferent position as seen at the cellular level of organization of the 
CVP pattern, or on the different local microenvironment around a given 
CVP primordium. Therefore the question arises whether the local de-
velopment of the individual CVP primordium is strictly spatially deter-
mined in respect to the cortical structures, or not. 

Cortical and Subcortical Markers of Spatial Orientation of Cortical 
Components 

The structure of the somatic cortex of Ch. steini conforms to that 
described for other ciliates of the same group ( G r a i n 1969, S o 1-
t y r i s k a 1971, L o m and C o r l i s s 1971). The cell membrane covers 
the entire cell including the cilia, contractile vacuole pores, parasomal 
sacs, membranous sacs ( P a t t e r s o n 1978) and cytostome. Alveoli 
•are located below the cell membrane and consist of an outer alveolar 
membrane, an inner alveolar membrane and an alveolar space. The 
alveolar space is compartmentalized by septa formed by the union of 
inner and outer alveolar membranes of adjacent alveoles. The height 
of alveoles varies f rom 1.4 um in intermeridional spaces to about 0.2 um 
in grooves occupied by the ciliary meridians. 

The entire cytoplasmic surface of the inner alveolar membrane is 
•covered with an electron-dense fibrillar epiplasm, but is pierced by 
parasomal sacs, membranous sacs and a diaphragm at the bottom of 
the CVP lumen (Fig. 1, PL I 2, III 12). 

In the subcortical cytoplasm free ribosomes, endoplamic reticulum, 
mitochondria, smooth electron empty vesicles, food vacuoles and dense 
granules are observed (PI. I 2). In this subcortical layer in the vicinity 
of the oral apparatus an abundance of wavy ribbons of puzzling "tubule 
complexes" (P y n e and T u f f r a u 1970) are observed (PL I 3). The 
character of the subcortical cytoplasm dramatically changes in the 
region below the CVP (see below). 

Kinetosomes are spaced along the somatic meridians in cortical 
grooves. Each kinetosome is associated with spatially oriented systems 
of fibrillar and membranous structures (Fig. 1, Pl. I 3). At least four 
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different fibrillar structures are specifically oriented around the ciliated 
somatic kinetosome. 

The striated kinetodesmal fiber (KD) originates in the wicinity of 
triplet 6 (orientation and enumeration of triplets according to G r a i n's 
1969). This fiber extends toward the surface perpendicular to the main 
axis of the meridian. It forms a blade tapered at the end in the vicinity 
of the next meridian to the right (Fig. 1, Pl. I 3). 

Fig. 1. A three-dimensional schematic representation of the various cortical and 
subcortical components of Chilodonella steini with t w o sequential stages of de-
velopment of the contractile vacuole system. Abbreviations: Ci — cilium, ALV — 
alveole, PC — postciliary ribbon of microtubules, TF — transverse complex 
(transverse microtubules and transverse spur), KD — 'kinetodesmal fiber, SKSH — 
submeridional microtubular sheet, KS — kinetosome, PS — parasomal sac, CVP — 
contractile vacuole pore, HM — helical microtubules, RM — radiating microtu-
bules, MIT — mitochondrium. The heavy arrows mark an entrance into CVP 

lumen 

The postciliary ribbon (PC) consists of three microtubules that 
originate at the kinetosome base in the position of triplet 9. The post-
ciliary microtubules extend steeply at a right angle toward the surface 

http://rcin.org.pl



58 
J. K A C Z A N O W S K A A N D J. MORACZEWSKI 

just below the epiplasm of the intermeridional ridge and then sharply 
bend posteriorly to become parallel to bundles of triple postciliary rib-
bons extending from more anterior kinetosomes (Fig. 1, PI. I 3). The 
length of any triple postciliary ribbon extends for a distance of about 
10 kinetodesmal territories. These ribbons form a roof about kineto-
desmata. 

A traverse microtubular complex consists of two transverse micro-
tubules (TF) extending to the left at a right angle starting f rom the 
position of triplet 4. An electron dense transverse spur is associated 
with two transverse microtubules through an electron dense bridge 
which flanks these microtubules posteriorly (PI. I 3). This complex 
extends just below the cytoplasm. 

The submeridional microtubules (SKSH) (PI. I 2, 3, 4 and PI. II 7) 
extend anteriorly along the ciliary meridian and beneath the kineto-
somes. They originate as flat ribbons of six microtubules formed at the 
basal plate of the preceding kinetosome (Fig. 1 PI. I 3); each such ribbon 
continues to the next kinetosome where it is covered by the preceding 
newly formed flat ribbon. In this way a very distinct cord composed 
of many rows of six microtubules joins the meridional kinetosomes. 
The two upper ribbons are included in more electron dense material , 
while the others are connected in rows by delicate bridges. Microtubules 
of the sequential ribbons are each closely apposed to those of the 
neighbours. 

Both the parasomal sacs (PS) and membranous sacs (MS) form an 
indentation of the cell membrane between two apposed alveoli. They 
are localized between the kinetodesmata and the postciliary microtu-
bular ribbon (PI. I 3), hence to the right of the kinetosome and parallel 
to it. The parasomal sac distends into a blind pouch at its proximal 
end. A membranous sac is associated with the parasomal sac and 
passes deep into the cytoplasm (PI. I 2). 

It follows f rom the above description that meridians and the terr i -
tories surrounding them are spatially strictly oriented complexes. 

CVP Organellogenesis 

The new CVP primordium begins as an invagination of the cell 
membrane between septa of alveoli adhering to the kinetosome (arrow 
at PI. I 4). In all cases this invagination begins at the anterior side of 
kinetosome at the level of its terminal plate and is located a n t e r i o r 
to the transverse complex (TF). This invagination forms a bottle-shape 
pouch (PI. II 5) extending f rom the upper anterior par t of the kineto-
some toward the cytoplasm parallel to the transverse fibrillar complex. 
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From the beginning this pouch is lined with an electron dense material 
simiiar to that of the epiplasm with at least some associated micro-
tubules par t ly embedded in this electron dense material. Microtubules 
are sparse and they lie loosely parallel to the axis of the pouch (PI. II 5). 
Their proximal ends sometimes may be traced even beyond the pouch. 
The origin of these microtubules remains unknown. The primordial 
pouch spreads across the intermeridional space and is associated with 
a trail of delicate fibril lar material at its proximal end. 

Even at a very early stage of CVP differentiation there is observed 
a clear differentiation of the spongiome beneath this primordium (PI. I 4). 
In this subcortical terr i tory there is no endoplasmic reticulum but 
there are many smooth membrane vesicles and canaliculi reminiscent 
of the tubular system of the spongiome. In some sections structures 
resembling "decorated fluid segregation tubules" (M c K a n n a 1976) 
(FST? at PI. I 4) and sporadic "tubule complexes" (P y n e and T u f -
f r a u 1970) are clearly distinguished. 

In the second stage of CVP primordium development an invagination 
of the pouch extends perpendicularly across the whole intermeridional 
space. The small round opening observed at PI. II 5 t ransforms into an 
elliptical slit (PI. II 6, 7). At this stage microtubules are occasionally 
found in sections of the deep part of the pouch (PI. II 7). At this stage 
some canals are dilated and some form regular connecting canals. 

In the third and final stage of CVP development (Pl. II 8, III 12) 
a microtubular sheet surrounding of the CVP lumen is differentiated. 
The orifice, initially in the form of a slit, becomes round and entirely 
separated f rom the adjacent kinetosome through interposition of one or 
two newly formed alveoli. In this stage the diaphragm and the bottom 
of CVP tube is formed and radiating microtubules are arranged into 
regular bundles. 

In transverse sections (PI. II 8, III 9) microtubules are regularly 
displayed around the wall of the CVP lumen and they are t ightly spira-
lized since they are different ly slanted in the same picture. It is not 
known whether the numerous microtubular profiles seen in the sections 
result from new assembly, or f rom the tight twisting and precise order-
ing of previously assembled microtubules. Following calculations of 
M c K a n n a (1973) for the number of microtubules around the CVP 
tube in Paramecium, it is expected that their number in the CVP tube 
in Chilodonella may be fewer than observed in a given section. 

Newly formed alveoli arise between the adjacent kinetosome and 
the adhering rim of the CVP orifice (PL III 10 ALV). These alveoli 
definitely separate the kinetosome f rom the rounding CVP orifice. The 
shorter axis of the orifice becomes greater, while the long axis of the 
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slit becomes shorter. The final diameter of such a CVP orifices varies 
from 0.7 um to about 1.2 [im. In some sections the CVP may occupy 
the space of two interkinetosomal distances along the long axis, while 
in others the CVP is f ramed by two sequential transverse fibers which 
touch the CVP wall on both its anterior and posterior sides. 

Microtubules are regularly displayed around the CVP orifice (PL II 8, 
III 9, 10) at a constant distance of 25 nm f rom the outside membrane. 
From each of the microtubules, a thin fibril lar thread 12-15 nm long 
extends radially and touch an electron dense ring outside the ring of 
microtubules (PI. I l l 9). Thus this thread is much shorter than the 
cross bridges connecting the hexagonally arranged microtubules of ne-
madesmata of Ch. steini, which are about 25-30 nm long. In a t rans-
verse section of the CVP orifice, whose orientation may be confirmed 
by transverse section of nearby cilia, a right hand spiralization of micro-
tubules is discerned (PI. I l l 9) by an analysis similar to that of 
M c K a n n a (1973) in Paramecium. 

The rounding of the CVP orifice and its displacement into the middle 
of intermeridional space is accompanied by a transformation of the 
pouch of the CVP primordium into a vase-shaped tube (PL III 11, 12), 
whose bottom is devoid of electron dense material and of microtubules. 
There is a very close contact of the rounding contractile vacuole with 
the bottom of the CVP tube. Thus the diaphragm (D) (Pl. III 12) is 
formed at the bottom of the CVP tube while maintaining strict conti-
nuity of the CVP membrane with the cell membrane. Physical compres-
sion exerted by the rigid cortical s tructures of the CVP tube upon the 
subcortical contractile vacuole is suggested by the deformation of the 
shape of the lat ter by the proximal end of the CVP (Pl. III 12). 

Another set of s tructures might be involved in the final shaping of 
the CVP tube, microtubular spiralization and the functional connection 
between the CVP and the spongiome. These are radiating microtubules 
(RM) which are sparsely at the slit stage of morphogenesis. At more 
advanced stages (Pl. II 8, III 11, 12) as it is described in Paramecium 
( H a u s m a n n and A l l e n 1977) they consist of bundles of micro-
tubules which spread f rom the wall of the CVP obliquely deep into 
the cytoplasm over the upper hemisphere of contractile vacuole. 

While in sections some primordia of the CVP system are very ad-
vanced in their differentiation, others represent a very early stage of 
organellogenesis. Thus an asynchrony of the CVP organellogenesis over 
very short distance is discerned. 

An integrity of a whole contractile vacuole functional unit is mani-
fested by the at tachment of the helical microtubules to an outer rim, 
by the cross bridges of the set of helical microtubules themselves, by 
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the close opposition of the membrane of contractile vacuole and of the 
bottom of the CVP tube with an aid of the radiating bundles of micro-
tubules. 

This functional unit is inserted in the middle of the intermeridional 
space: it may be flanked anteriorly and posteriorly by the transverse 
complexes, and is separated f rom the adjacent kinetosome by new 
alveoli. 

D i s c u s s i o n 

Chilodonella steini manifests a reproducible variability of pat terns 
of CVPs distribution within the ventral field of sister cells of the 
same or similar size. This polymorphism is observed during dif ferent ia-
tion of sets of CVP primordia in early dividing cells and is maintained 
a f te r resorption of some of the CVP primordia. 

Observations made on silvered specimens, and at the ul t rastructural 
level reveal an asynchronous development of individual CVP primordia, 
even if they are near to each other. Some of these may be arrested 
and later resorbed ( K a c z a n o w s k a in preparation and this paper). 
CVP morphogenesis is not restricted to any part icular meridians nor to 
the age of the particular area of the cortex, and is autonomous with 
respect to the fate of the other primordia. 

At the level of fine positioning the cortical events involved in CVP 
formation are spatially oriented and regularly restricted by the na tu re 
and polarity of the structures within the ciliary territory. The selected 
kinetosome serve as a nucleating center for CVP organellogenesis at 
the l e f t side of ciliary meridian. This statement conforms data on 
Tetrahymena (N g and F r a n k e l 1977, N g 1979). As far, selected 
kinetosomes seems to be not structurally involved in CVP organello-
genesis. Thus it is suggested that the kinetosomal terri tory form a f r ame-
work for the appearance of the CVP pouch in a region of the cell 
membrane deprived of alveoli and subcortical fibers. The asymmetry 
of the kinetosome and the "empty" area on its anterior left side m?y 
account for the difference between fine positioning anterior to the 
kinetosome in Chilodonella and posterior in Tetrahymena (N g 1979). 

Small CVPs occur in the anterior preoral par t of the ventral field, 
while double-sized CVPs predominate in the equatorial part of this 
field. In the anterior part of the ventral field the kinetosomes possibly 
do not proliferate ( K a c z a n o w s k a 1975). These old kinetosomes 
may be equipped with transverse fibers that limit the size of a CVP 
primordium. On the other hand, on the postoral part of the ventra l 
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field kinetosome proliferation occurs before divisional morphogenesis. 
The new CVP primordia may develop within enlarged areas, since 
distances between kinetosomes increase just before their proliferation: 
new kinetosomes may fail to develop transverse fibers if a CVP develops 
nearby. 

It may be concluded that strictly spatially oriented autonomous and 
local organellogenesis of the individual CVP primordium is very diffe-
rent from the indeterminacy of assesment of territories with CVP pri-
mordia and of the number and fate of CVP primordia observed at the 
cellular level of organization. 

Description of contractile vacuole unit corresponds to the type A 
of morphological organization as defined by P a t t e r s o n (1980). At 
least CVPs structures are lost during divisional morphogenesis and all 
pores develop de novo. The CVP once formed moves relative to other 
structures. The ultimate position of the CVP is regulated by an appear-
ance of new alveoli. A striking phenomenon in the cytodifferentiation 
of CVPs and of the subcortical spongiome is the e x a c t f i t of the 
areas of the spongiome with the ult imate position of the CVP tubes 
in the middle of intermeridional space. At first the CVP primordium 
develops at the left anterior side of an adjacent kinetosome, and its 
central localization in the intermeridional space is reached at the 
stage when the spongiome is well differentiated. The later for-
mation of the diaphragm and the spreading of the radiating microtu-
bules mark the phenomenon of i n t e g r a t i o n of these two separate 
parts of the elaborated secretory system of Ch. steini. 
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EXPLANATIONS OF PLATES I-III 

2: A longitudinal section of the somatic kinetosome and adjacent cortex of Ch. 
steini. Postciliary microtubules (PC), submeridional microtubules (SKSH), para-
somal sac (PS) and underlying membranous sac (MS) indicate the right side of the 
meridian and its direction. Other abbreviations as in Fig. 1. Magn. 48 000 
3: A tangential section through t h e cortex with kinetosomes (KS) seen at the 
different levels. The upper edge of the f igure corresponds to the anterior part 
of the meridian. The origin of the kinetodesm (KD) and postciliary microtubules 
(PC) and their course may be traced in the vicinity of the upper kinetosome. 
The left transverse microtubular complex (TF) is associated with a transverse 
electron-dense spur and is seen in the lower sections of the level of cilia. Magn. 
48 000 
4: A very early stage of CVP primordium formation. A slight indentation of 
alveoles adhering to a kinetosome (arrow) marks formation of the CVP orifice. 
In the subcortical layer structures reminiscent of decorated fluid segregating tu-
bules (FST?), with some transverse sections across forming canals (CC) are seen. 
Other abbreviations as before. Magn. 48 000 
5: Grazing sections through a very early stage of the CVP primordium. The 
small anterior orif ice of the pouch is localized in close proximity of adjacent 
kinetosome. The sparse fibrils (arrow) are seen embedded in electron-dense ma-
terial and some f i lamentous trails (MF) lie below the epiplasm. Magn. 60 000 
6: A tangential and slightly oblique section of an early primordium of the CVP, 
still localized in the vicinity of the meridian. Very small alveole (ALV) is seen. 
Numerous microtubules are seen anchored at the rim of the CVP orifice. Magn. 
36 000 
7: An oblique section of a CVP primordium at the proximal level of the pouch. 
Some scanty microtubules are embedded in the electron-dense material (arrow). 
The lumen of the pouch is still in the neighbourhood of a kinetosome. but it 
extends across the intermeridional space. Magn. 27 000 
8: A transverse section through a rounding young CVP. Insertion of helical micro-
tubules (HM) and bundles of radiating microtubules (RM) are observed. Magn. 
36 000 
9: A transverse section through the CVP at the level of its orifice. Tight spiraliza-
tion of helical microtubules (HM) and their insertions on the outer membrane of 
the CVP lumen aire seen (arrow). An outer rim of electron-dense material separa-
tes the CVP structures from the adhering alveoles. Cross section of adjacent 
cilia reveals direction of dynein arms marking the orientation of the section. 
Magn. 48 000 
10: A longitudinal section through a young CVP. Small alveole (arrow ALV) 
separate the CVP structure from the nearest kinetosome. The oblique angle of 
section through the helical microtubules marks the tight spiralization of the 
microtubules along the tube. Beneath the CVP tube there is formed a contractile 
vacuole (CV). Magn. 36 000 
11: Section through the diaphragm (D) separating the lumen of the CVP tube 
from the contractile vacuole sac. Magn. 36 000 
12: Another section through the diaphragm (D) embedded into the contractile 
vacuole. Radiating microtubules (RM) spread from the CVP wall. Magn. 36 000 
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Synopsis. A n invest igat ion has been carried on clones of Paramecium 
caudatum, P. bursaria, P. putrinum, P. woodruffi and P. jenningsi in 
which the micronucle i were removed by UV microbeam. It has been 
shown that bes ide t h e act ivity of the macronucleus , in the n o r m a l 
vital ac t iv i ty of ci l iates during the vege ta t ive phase of l i fe the micro-
nucleus p lays also an important role. On the ground of these inves t iga-
tions the authors set up a hypothes is on the role of funct ional act iv i ty 
of generat ive nuclei in cil iates. It is stated that e x e c u t i o n of a com-
plete range of vege ta t ive funct ions controlled by the nuc lear apparatus 
invo lves not only the transcription act iv i ty of MA but also some 
act ivi ty of MI genome. Various aspects of this hypothes is are d i s cus sed 
wi th l i terature daita. 

Ciliates have a fair ly peculiar cell organization which makes them 
the focus of studies for biologists of different specialities. Nuclear dua-
lity is one of such peculiarities. It consists in the presence in the cell 
of nuclei that display morphological and functional differences. These 
differences appeared within Ciliophora and underwent a number of 
considerable phylogenetic changes (R a i k o v 1967, 1978). The cell of 
higher ciliates features a polygenomatic somatic nucleus, macronucleus 
(MA), whose DNA is markedly capable of transcription, and a diploid 
or low poliploid generative nucleus, micronucleus (MI), which is unable 
to synthesize RNA in any significant quanti ty during the vegetative 
period of the organism's life. 

Up to now, investigations on nuclear duality have given preference 
to the study of MA, its structure, functions and evolutionary changes 
( R a i k o v 1967, 1968, 1976, 1978; R a i k o v and A m m e r m a n n 
1976). MI has been neglected. It is a widespread belief that the nuclei 
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of higher ciliates display a highly differentiated control over somatic 
and generative functions. The macronucleus ensures the cell life func-
tions due to an extremely high transcription activity during the ve-
getative period of life cycle, whereas the micronucleus is responsible 
lor the nuclear apparatus reorganization during the sexual process 
( G r e l l 1973, R a i k o v 1978). In other words, the ciliate MI is com-
monly believed to be a nucleus completely functionally inert in the 
vegetative life of the cell. It is also stated that the MI genome may 
be used as a promising model of an inactive nucleus, though the re-
sults of some investigations suggest that such conclusions are prema-
ture (B o r c h s e n i u s 1975, S a l v a n o 1975). 

Full understanding is extremely important here, for some ciliates are 
used in increasing frequency as model objects for resolving a number 
of karyological and cytogenetic problems. Thus, it is obvious that all 
evidence concerning the MI functional activity becomes a mat ter of 
part icular interest to scientists. 

Specific Methods of Revealing the Functional Activity of Nuclei in the 
Cells Having a Heteromorphic Nuclei 

Apparatus 

Experimental studies on the MI genome activity make use of a great 
variety of methods. These are methods of quantitative cytochemi-
stry, biochemistry and autoradiography which make it possible to de-
termine the intensity of RNA synthesis in MI ( G o r o v s k y 1973), com-
parative electron microscopy of MA and MI ul t rastructure ( R a i k o v 
1978), a genetic method involving the formation of cell lines-heteroka-
ryons of ciliates in which MA and MI are distinguished by particular 
genes and the phenotypic effect of alleles can be intimately controlled 
( S o n n e b o r n 1966, 1974 a, b, A l l e n and G i b s o n 1973), purpo-
seful generation of amicronuclear (MI~) ciliates owing to a general or 
local action of chemical and physical factors on the cell to be followed 
by analysis of cell function changes associated with the loss of MI 
( T a y l o r and F a r b e r 1924, K i m b a l l 1941, O s s i p o v 1966, 
F r i c k 1967, A m m e r m a n n 1970). 

A critical study of each of these methods as regards their reliabi-
lity allows us to state (though we cannot adduce here all our arguments 
for the sake of brevity and lack of space) that many of them, in fact, 
either have an insufficient resolution or fail to provide an unequivocal 
answer to the problem of MI functional activity. It should be noted 
that the evaluation of nuclear activity in uninuclear Protozoa and in 
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metazoan cells is fairly simple. But ciliates with their nuclear duality 
require a technique of high s e l e c t i v i t y and precise l o c a l i z a -
t i o n of its action. 

One of the most promising methods of nuclear function analysis 
involves a special kind of their blocking, namely inactivation (A s t a -
u r o v 1974). In its most general form, the method consists in eliminating 
the nuclei f rom usual participation in the control and genetic deter-
mination of cell functions. Among the techniques of cell inactivation 
noted for precision of localization and selectivity of their action, we 
would single out the method of ultraviolet (UV) micro-irradiation 
( A m m e r m a n n 1970, F o k i n and O s s i p o v 1975), micrurgy 
( T a y l o r and F a r b e r 1924, T a r t a r 1964, F u j i s h i m a and H i-
w a t a s h i 1978) and the symbiotic method ( O s s i p o v et al. 1976, 
S k o b l o et al. 1978). Alongside these methods it is by all means ex -
pedient to use autoradiography for determining the presence of RNA 
synthesis in MI. But the conclusions concerning the MI activity based 
on autoradiography should be considered with great caution. This re -
serve is necessitated, first of all, by the possibility of t ransport of some 
RNA forms (e.g., shuttle RNA) f rom one nucleus of the cell to the 
other as has been proved for heterokaryons of amoebae and hybrids of 
somatic cells in multicellular organisms ( H a r r i s 1970, G o l d s t e i n 
1974, 1975, Y u d i n 1977). Though no such data have been obtained 
for ciliates, one cannot rule out a priori the possibility of transport of 
some RNA forms between the MA and the MI. The mere fact of the 
presence of RNA in MI is not yet a proof of RNA synthesis in situ 
indicative of a transcription activity in the generative nucleus genome. 

An argument often resorted to in discussing the distribution of func-
tions between MA and MI is based on a well documented absence of 
nucleoli or any similar structures in MI during the vegetative period 
( R a i k o v and A m m e r m a n n 1976, R a i k o v 1978). But this fact 
shows merely that there is no intense synthesis of ribosomal RNA in 
MI leaving ful ly open the question whether other forms of RNA can 
be synthesized in MI. 

The above considerations allow us to choose what we believe to be 
the most efficient approach to the study of MI significance in the cell 
vegetative life. It consists in obtaining some MI~~ ciliates f rom normal 
strains by means of local selective actions to be followed by analysing 
the cell function changes due to the loss of generative nucleus. Using 
this approach we may hope to evaluate the role of MI in the life of 
cell at its phenotypic level. Information concerning the influence of the 
generative nucleus loss on the vitality of ciliates has been available 
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since long ago ( C a l k i n s 1911, 1912, D a w s o n 1920, W o o d r u f f 
1920, 1921, M o o r e 1922, 1924, R e y n o l d s 1932, B e e r s 1946). 

The results of studies on the viability of MI~ cells as compared with 
the initially normal clones of some ciliates suggested a certain signifi-
cance of MI during the vegetative period of life cycle. Thus, T a y l o r 
and F a r b e r (1924) studied the effect of MI micrurgical removal on the 
viability of Euplotes patella. The removal of generative nucleus resulted 
in the animal's death five days af ter the operation, while the removal 
of a small part of cytoplasm or a f ragment of MA had no effect on 
the viability of the specimens operated. It is interesting that, once the 
removed MI was re-transplanted into the cell cytoplasm, the specimen 
produced viable progeny. The same pat tern was confirmed by K i m-
b a l l (1941) in his studies on the viability of MI~ E. patella where he 
applied merotomy to initially normal and doublet cells. 

Different experimental methods of MI removal from vegetative cells 
of Paramecium caudatum used by various authors show that the M I -

clones appear invariably less viable and die out af ter a limited number 
of cell divisions (L e w i n 1910, S c h w a r t z 1934, M i y a k e 1956, 
T a r t a r 1964, O s s i p o v 1966). A lower division rate associated with 
the spontaneous loss of MI has only been recorded in P. bursaria 
( S c h w a r t z 1947, G o 1 i k o v a 1978), P. multimicronucleatum (W i c h-
t e r m a n 1959), P. aurelia (Ruiz et al. 1976). 

Attesting to the significance of MI in the ciliate vegetative life is 
the evidence of the cell viability af ter the induced loss of MI in Sty-
lonychia mytilus. No mat ter what method of denucleation, micrurgy or 
/^-irradiation, all the operated cells that had lost their MI inevitably 
died ( F r i c k 1967). 

Very interesting results were obtained by W e l l s (1961) who in-
vestigated the viability of Tetrahymena pyriformis clones following 
a general ^-irradiation of the cell. It appeared that in spite of f requent 
appearance of M I - cells in the irradiated cultures, the formation of 
MI~ clones was extremely rare and all of them featured no vitality. 
According to the author, such a short life of M I - ciliates is due to the 
exhaustion of the stock of potential metabolic products synthesized 
prior to irradiation. 

A m m e r m a n n (1970) observed anomalies in cell morphogenesis 
among the M I " S. mytilus and the death of anomalous cells. The loss 
of MI a f te r the irradiation resulted in the death of most ciliates; how-
ever, par t of the MI clones proved to be viable and according to the 
author this should be accounted for by the compensation of MI loss due 
to the appearance of small f ragments of the MA Feulgen-positive struc-
tures functionally resembling MI. Such bodies, called pseudomicro-
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nuclei (pseudo-MI), greatly exceeded the usual number of generative nu-
clei in the cell. Their appearance was associated with the restoration 
of a normal division rate in the progeny of irradiated ciliates. The dis-
appearance of pseudo-MI as a result of a repeated irradiation was as-
sociated with a sharp decrease in the division rate and a prompt death 
of ciliates. Thus, A m m e r m a n n ' s results are also in favour of the 
significance of MI in the vegetative life of Stylonychia. The very fact 
of the pseudo-MI appearance af te r the loss of generative nucleus may 
suggest the necessity of some kind of the MI functional activity during 
the vegetative period of ciliate life cycle. It is of interest that the ap-
pearance in the MI~~ cell cytoplasm of such structures as resemble a de-
fective MI was also reported for P. caudatum and P. bursaria (L e 
D a n t e c 1897, S c h w a r t z 1958, G o 1 i k o v a 1978). 

Many ciliates, however, are known to have, both in nature and in 
the laboratory conditions, viable MI~ lines. A possible explanation of 
this phenomenon in the light of the data on the MI activity will be 
given in the end of this article. 

Method of MI Selective Inactivation by Means of Local UV 
Microirradiation 

The data discussed in the previous section outline the problems of 
MI functional activity in the cell vegetative life still to be solved and 
reveal some of the causes of the existing contradictions. Up to now, s tud-
ies in this field have been executed on ciliates fairly far apart systema-
tically, with the methods being not always adequate to the task. This 
accounts for the inability, to get any definite solution concerning the 
significance of MI. That is why we believed it extremely expedient to 
conduct a comparative study of the generative nucleus role during the 
cell vegetative life in systematically related ciliates with the use of 
a uniform method adequate to the task. The UV-irradiation was chosen 
for the purpose (F o k i n and O s s i p o v 1975). The present paper sums 
up the results of the first stage of investigations on the MI functional 
significance by means of selective inactivation of MI in Paramecium. 

T h e m e t h o d of U V i r r a d i a t i o n makes it possible, in con-
trast with numerous other techniques, not only to damage (inactivate) 
particulae organelles and living cell elements but also to observe the 
consequence of the operation on the same cell or on its remote pro-
geny. In our investigations, the UV light-waves within range 240-280 nm 
(with a maximum of 260 nm) were used to irradiate individual elements 
of Paramecium nuclear apparatus on a Carl Zeiss Jena device based on 
a Nf microscope. The basic scheme of the experiments (Fig. 1) together 
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with all the manipulations on the cells af ter irradiation was described 
earlier (F o k i n and O s s i p o v 1975). The irradiance actinometrically 
measured ( C a l v e r t and R e c h e n 1952) was 17±5 erg/mm2 s. The 
time of illumination in the basic experiments, ranged from 180 to 300 
s. The UV probe ares was 100 pim. Control experiments involved illu-
mination with a similar probe of a f ragment of MA or cytoplasm hav-
ing no cytopharynx or contractile vacuoles. To understand the influence 
of photoproducts that appear due to a UV microbeam irradiation on 
the viability of operated cells and on the morphology of their nuclear 
apparatus, we also illuminated the part of cytoplasm immediately ad-
jacent to MI. Cells of non-synchronized cultures were used. 

Fig. 1. Basic variants of experiments on local microbeam UV irradiation of cell 
components in Paramecium 

Legend: I — irradiation of the only MI in the cell; II — irradiation of one of 
the two MI in the cell; III — irradiation of an MA fragment of the same area; 
IV — irradiation of a cytoplasm fragment of the same area; V — irradiation of 
a cytoplasm fragment immediately adjoining MI. G — cytopharynx; MA — ma-
cronucleus; MI — micronucleus; VC — contractile vacuole. The cross-hatched 
square marks the UV beam area, the size of which has been enlarged for the 

sake of clarity 

The operated specimens of Paramecium and their progeny were 
studied for the effect of MI loss on the viability, division rate and 
morphology of nuclear apparatus. Such cells were considered viable 
which produced subclones that would live intensively for many months 
to come. Regarded as inviable were both the cells that died right af ter 
the irradiation and those in which the subclones displayed a reduced 
division rate and eventually died as well. Those cultures did not die 
all the same time. 

For the nuclear apparatus study the cells were fixed with Bouin's 
and Carnouat's fluid. Staining required for DNA detection was executed 
af ter a revised Feulgen technique suggested by De Lamateur ( S o n n e -
b o r n 1950). In a few cases, some preparations were at the same time 
stained with r ivanol-S02 ( H a c h a t u r o v and S m i r n o v a 1966) and 
with azure af ter Romanowski. 
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A Comparative Study of the Effect of MI Removal 
in Five Species of Paramecium 

The choice of the subjects was determined, on one hand, by a good 
knowledge of the genus Paramecium as far as its morphological and 
functional features are concerned ( W i c h t e r m a n 1953, B o m f o r d 
1965, J a n k o w s k i 1972, S o n n e b o r n 1974 a, V a n W a g t e n d o n k 
1974). On the other hand, this choice was suggested by the fact that , 
being a fair ly distinct group of species, Paramecium varies in its MI 
organization at the light microscopic level. In our investigations we were 
trying to use specimens f rom all the three subgenera ( J a n k o w s k i 
1969): Helianter — P. putrinum, P. bursaria; Cypreostoma — P. voood-
ruffi; Paramecium — P. caudatum, P. jenningsi. 

(1) P. caudatum. We have studied the effect of MI on the viability 
and cell division rate in two unimicronuclear clones, Be-1-4 and Be-5 
( B o r c h s e n i u s and O s s i p o v 1978). A comparative study has also 
been carried out with a view of understanding the effect of MI irradia-
tion on the cell viability in stable uni- and bimicronuclear clones, 
M-505-46 and M-505-19, that have genotypically identical MA (F o k i n 
and B o r c h s e n i u s 1978). In the course of experiments on the MI 
inactivation in the Be-1-4 and Be-5 cells, 217 specimens were irradiated 
(Table 1), with a line started f rom each operated cell. However, a via-
ble progeny could be obtained f rom no more than 27 cells all of which 
started lines containing MI. These often differed morphologically f rom 
the MI of a "wild" type. The progeny of all the other irradiated cells 
usually died out several days af ter a sharp reduction in their division 
rate. A comparison between the cloning of the operated cells' progeny 
and the MI distribution in the progeny of the first and second post-ir-
radiation cell division showed that all the MI~ cells thus produced are 
inviable (Table 2). 

The experiments on a local UV irradiation of generative nucleus in 
the cells of M-505-46 and M-505-19 yielded quite different results. Ir-
radiation of MI (n = 56) in the unimicronuclear cells of the clone 
M-505-46 resulted in the following (Table 1). The operated cells produc-
ed 53 UV subclones, 45 (80 per cent) of which appeared to be inviable 
and M I - . The generative nuclei of Paramecium of these lines underwent 
morphological changes possibly due to the loss of part of DNA (cf. 
O s s i p o v and B o r c h s e n i u s 1973). Figure 2 (curve 1 a) shows the 
relationship between the percentage of the dead MI~ UV subclones and 
the time that passed a f te r the irradiation of parental cells. 

Different consequences were reported for irradiating one of the two 
Mi's in the cells of the clone M-505-19. The operated Paramecium (35) 
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Table 2 

The Nuclear Apparatus of Progeny of the First and Second Post-Irradiation 
Divisions in Cells of Paramecium caudatum 

Progeny of Progeny of 
Division I Division II 

Clone Clone Presence of MI Number of Presence of MI Number of 
Authors 

MI- MI+ pairs MI- MI+ tetrads 

Be-1-4 0 2 0 0 4 1 Borchsen ius 
1 1 12 1 3 1 and Oss ipov 
2 0 2 2 2 6 1978 

Total 14 3 1 6 
3 1 (2MI+) 2 
4 0 0 

Total 16 
M-505-46 0 2 0 0 4 0 F o k i n and 

1 1 16 1 3 0 Borchsen ius 
2 0 8 2 2 0 1978 

Total 24 3 1 7 
4 0 8 

Total 15 

The part of perish UV t rea ted-subclones (%>) 

(days) 
Fig. 2. The longevity of amicronuclear (subclones obtained after the UV irradia-
tion of generative nucleus in the vegetat ive cells of f ive ciliate species of the 

genus Paramecium (Fokin 1978 b) 

Legend: 1 a, b — P. caudatum-, 2 — P. jenningsi-, 3 a, ,b, c — P. putrinum, 
4 a, b — P. bursaria, 5 — P. woodruffi. Irradiation dose 5100 erg/mm2 (1 a, b); 

3060 erg/mm2 (2-5) 
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produced 33 UV subclones (Table 1), only 8 (23 per cent) of which 
proved to be inviable. The cells of these eight subclones did not display 
a single generative nucleus. All cells of inviable cultures died out dur-
ing 1.5 to 2 months a f te r the parental cells' irradiation (Fig. 2, curve 
1 b). An analysis of nuclear apparatus in the cells of 25 viable UV sub-
clones allowed us to identify 23 of them as unimicronuclear. 

Thus, the inviability caused by a UV microbeam is displayed dif-
ferent ly in the cultures under study: the unimicronuclear cells die 
much earlier af ter the loss of MI than the bimicronuclear ones (Fig. I). 
But in both cases the loss of MI results inevitably in the death of 
paramecia following a sharp decrease in the division rate. On the con-
trary, the cell division rate in the viable UV subclones is the same as 
in the control experiment. 

Study of the nucleus apparatus in the progeny of the first two 
post-irradiation divisions of M-505-19 and M-505-46 cells showed that, 
unlike the clones Be-1-4 and Be-5, the irradiated nucleus mostly de-
graded and fully disappeared during that period (Table 2). The irradia-
tion of part of MA (n = 10) or cytoplasm (n = 15) in an immediate 
proximity of MI affected neither the viability of the cells nor the mor-
phology of their nuclear apparatus (Table 1). 

(2) P. jenningsi. As it is known, the subgenus Paramecium embraces 
several ciliate species varying in the morphological type of MI (J a n-
k o w s k i 1969). Therefore, having studied the consequence of the ge-
nerative nucleus loss for P. caudatum cells, we believed it important to 
extend our investigations to other representatives of that subgenus with 
a different MI morphological type. For this purpose we have chosen 
P. jenningsi featuring a stable bimicronuclear state of its cells. 

The experiment consisted in irradiating one of the two Mi's in the 
cells of P. jenningsi, the clone K-72 (Table 1). Altogether, 35 ciliates 
were operated and 30 unimicronuclear viable subclones were obtained. 
One of them, K-72, UV-3, was used for fu r the r studies. In 37 cells of 
that subclone, the single generative nucleus was subject to irradiation. 
The operated cells were able to produce 34 subclones, 5 viable and 29 
inviable (Table 1). Figure 2 (curve 2) shows the life duration for those 
29 inviable subclones. A study of their nuclear apparatus state revealed 
that the cells of all inviable cultures were M I - , whereas the viable ones 
contained paramecia that had preserved their generative nucleus. Con-
trol irradiation of par ts of MA (n = 10) or cytoplasm (n = 10) display-
ed neither any changes in the nuclear apparatus morphology nor a de-
crease in viability. The results obtained in the experiments on P. jen-
ningsi reveal a distinct correlation between the inviability due to a UV 
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mierobeam irradiation and the lack of the generative nucleus in the 
cell. 

(3) P. putrinum. According to J a n k o w s k i (1969), this species is 
the most primitive among the paramecia of the subgenus Helianter 
featur ing an unusual type of MI organization. In the course of the ex-
periments on the generative nucleus inactivation we irradiated 146 cells 
of three clones P. putrinum (F o k i n 1978 a, b): 60 ciliates of the clone 
C-6-1, 35 of the clone L-2-1 and 51 of the clone K-177 (Table 1)K The 
results show that the MI~ UV subclones thus derived usually appear in-
viable and die 9 to 13 days later (Fig. 2, curves 3 a, b, c). At the same 
time, the cells that preserve their MI af ter the irradiation divide norm-
ally and give rise to viable subclones. Their generative nuclei, however, 
are morphologically different from the MA of a "wild" type and res-
pond less intensively to staining af ter Feulgen. We managed to show 
for three UV subclones with a modified MI of the clone K-177 that the 
irradiated generative nucleus may become defective and disappear some 
time later (after cca. 30 days). 

It should be noted that seven MI~ subclones of P. putrinum obtain-
ed from the cells of the clone K-177 still proved to be viable. It is re-
markable that the nuclear apparatus of those particular cultures displays 
a unique MA f r a g m e n t a t i o n and an aberrant division of the soma-
tic nucleus. The MA fragmentation was not recorded until the macro-
nuclei were irradiated; neither has it ever been observed in the cells of 
control series (irradiation of parts of MA or cytoplasm). These facts are 
suggestive of an interaction between the irradiated MI and intact MA 
( F o k i n 1979 a). 

The second investigation (2 months later) of the state of the nuclear 
apparatus in the three subclones featuring the unusual MA fragmenta-
tion showed a complete termination of that process. It is interesting 
that the cytoplasm in the cells of these cultures (55 to 70 per cent) 
contained, besides MA, a great number (up to 20) of Feulgen-positive 
bodies. These are probably formations of pseudo-MI type (A m m e r -
m a n n 1970), but we failed to prove their functional significance. 

Thus, the data obtained are indicative of a dynamic interaction be-
tween MA and MI during the vegetative period of life of P. putrinum. 
The results of the viability studies conducted on the M I - UV subclones 
of that species substantiate a conclusion as to the importance of gene-
rative nucleus in the cell vegetative life. The loss of MI involves either 
a lethal outcome or preservation of viability associated with some pro-
cess of MA reorganization. 

1 The Table contains only such cells as received 3060 erg/mm2 . 
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(4) P. bursaria. The experiments on irradiation of MA in the cells 
of another primitive Paramecium, P. bursaria, revealed, as compared 
with the species studies earlier, an unusually high viability of experi-
mentally obtained MI~ subclones (F o k i n 1979 b). Submitted to i r ra-
diation were 236 cells of two clones: 184 cells of the clone T-2 and 52 
cells of the clone T-4 (Table 1). The operated cells produced 176 M I -

subclones and 57 subclones with a modified MI. In contrast to the above 
three species of Paramecium, P. bursaria had no more than 44 inviable 
MI~ lines that died out some 12 to 17 days af ter the irradiation of pa-
rental cell (Fig. 2, curve 4 a, b). Most of the MI~ UV subclones, along 
with the lines with a modified generative nucleus, remained viable dur -
ing almost 1.5 years of observation. It is significant that, among the 
MI~ UV subclones of P. bursaria, some cultures contained cells with 
a fragmented MA. 

Thus, the results of our experiments show that the vegetative cells 
of P. bursaria display a slightly different response to the loss of their 
generative nuclei af ter irradiation than other species of Paramecium. 

(5) P. woodruffi. The results of investigations as described above al-
lowed us to establish the functional significance of MI in the vegetative 
cells of ciliates that belong to the subgenera Helianter and Paramecium. 
Similar investigations were conducted on P. woodruffi, a species of 
Paramecium f rom the subgenus Cypreostoma. The experiments involved 
a stable bimicronuclear clone OK-3-5. On irradiating one of the two 
Mi's in the cells of that clone (n = 46) 43 viable unimicronuclear UV 
subclones were obtained (Table 1). Two subclones preserved both, ge-
nerative nuclei. Then the single MI of the cells in the subclone OK-3-5 
UV-14 was exposed to irradiation: 48 operated cells produced subclones 
of which only three appeared viable. A study of the nuclear apparatus 
in the viable cultures revealed that their MI had been preserved. The 
remaining 45 out of 38 UV subclones were found to be MI~ and inviable. 
The operated cells went through no more than 4 to 5 divisions, while 
their progeny ceased dividing 4 or 5 days later and eventually died. 
The percentage of the dead cultures as a function of the time elapsed 
af ter irradiation is shown in Fig. 2 (curve 5). Thus, the Mi-less cells 
may reproduce for a short time, but than suffer inevitable death. These 
facts are convincing evidence of the functional significance of generative 
nuclei in the vegetative life of P. woodruffi cells. 

A Hypothesis of the MI Functional Activity 

The results of experiments on the generative nucleus irradiation in 
the agamic cells of five species of Paramecium — with the use of UV 
microirradiation as a single method — allowed, for the first time, a com-
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parative analysis of the MI functional role. It should be noted that the 
conditions of inactivation (removal) of MI were identical in all the ciliate 
species under study. The MI local irradiation was executed with a UV 
beam of a constant area (100 fim) in doses of the same order (3060 and 
5100 erg/mm2). Local irradiation of the single MI in the cells of ciliates 
of the genus Paramecium enables us to establish a lethal effect of t he 
generative nucleus loss on most species of Paramecium. This fact points 
to the functional significance of MI in the ciliate vegetative life. 

However, different species varied in their response to the loss of MI 
depending on what forms they represented, higher or lower. Higher 
forms were remarkable for almost simultaneous death of most MI~ UV 
subclones. At the same time, irradiation of one of the two Mi's in the 
cells of initially bimicronuclear clones of P. caudatum, P. jenningsi and 
P. woodrufji usually resulted in the appearance of viable unimicro-
nuclear cultures. The share of such subclones as produced by the ope-
rated cells was 71, 79 and 83°/o for P. caudatum, P. jenningsi and P. wo-
odrufji respectively. The ciliates of the subgenera Helianter, P. bursaria 
in particular, displayed an opposite ability to form a considerable number 
of M I - viable subclones. But this, as will be shown later, does not 
necessarily involve a lack in MI of vegetative functions. 

From the universally accepted viewpoint of molecular biology (K o-
r o c h k i n 1978, W a t s o n 1978), it should be assumed that the func -
tional activity of MI is accounted for by transcription of some RNA 
forms. In this connection, a delay in the death of cells in the MI~ lines 
may be due to the presence in the ciliate cytoplasm of a cell of hypo-
thetical products of the MI gene activity. The viability of Paramecium 
af ter the destruction of MI owing to UV irradiation depends on how 
soon this stock gets exhausted. 

The data on the functional significance of generative nucleus obtain-
ed in our experiments suggest that in the viable UV subclones with MI 
of an altered morphology and a reduced amount of DNA, these nuclei 
account for the same cell vegetative functions as the "wild" MI. Neither 
the division rate nor the viability of the cells of such cultures are dif-
ferent f rom the control specimens. The ability of the morphologically 
transformed MI of P. caudatum, P. bursaria and P. putrinum to fulfi l 
their functions is associated primarily with the polyploid nature of ge-
nerative nuclei in those ciliate species ( C h e n 1940, D i 11 e r 1940, J a n-
k o w s k i 1972, O s s i p o v and B o r c h s e n i u s 1973, C u l l i s 1973, 
G o l i k o v a 1974). It will be recalled that we do not know yet what 
particular elementary vegetative functions are controlled by the MI ge-
nome. Therefore, our major emphasis is put on the fact that such func-
tions exist altogether. It will be the task of fur ther investigations td 
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identify those individual elementary functions that the MI genome 
controls. 

On the basis of local irradiating the generative nuclei in the ciliates 
of the genus Paramecium having Mi's of various types, one may sug-
gest that different organization of generative nuclei was of no special 
consequence for their functional differences. The death at least part of 
M I - subclones obtained due to UV irradiation was reported for all the 
species studied. 

Morphological transformations of somatic nucleus in response to the 
MI loss were more distinct in primitive P. bursaria and P. putrinum. 
The fragmentation of MA af ter local irradiation of micronuclei together 
with the existence in those ciliates of seemingly unusual viable M I -

subclones could be explained on the strength of an assumption that the 
heteromorphic nuclear apparatus of ciliates is an s i n g l e i n t e g r a t -
e d , f u n c t i o n a l s y s t e m . In fact, if the ciliate nuclear apparatus 
is to be regarded as a system of related elements, MA and MI, the 
MA response to the damage of nuclear apparatus will appear quite 
logical. 

Indirect evidence brought by some authors ( S c h w a r t z 1958, A m-
m e r m a n n 1970, A l l e n and W e r e m i u k 1971, W e i n d r u c h and 
D o e r d e r 1975) is indicative of a possible existence of interaction be-
tween nuclei in the ciliates. This does not rule out a functional change 
in the spectrum of active genes. Thus, the MI aneuploidy in a number 
of clones of T. pyriformis is associated with a diminished size of MA 
genome as compared with the genome of somatic nuclei in the normal 
lines ( A l l e n and G i b s o n 1972). The same material demonstrated 
tha t the Mi-less GL strains had extrachromosome copies of r-DNA with 
a smaller molecular weight than those of a normal strain (K a r r e r 
and G a l l 1976). In some ciliate species, an experimental elimination of 
MI involves morphological and functional changes in MA. Their major 
expression is the loss of ability to normal divisions of the vegetative 
nucleus ( D i l l e r 1965, F r i c k 1967, A m m e r m a n n 1970, R u i z et 
al. 1976), together with occassional MA fragmentation (G o 1 i k o v a 
1978). Finally, some experimental data indicate that there are also inter-
actions of a regulatory nature between the cell micronuclei in E. crassus 
( L u p o r i n i and B r a c c h i 1977), Homalozoon vermiculare (S a x e-
n a and S a x e n a 1978) and P. caudatum ( F u j i s h i m a and H i w a -
t a s h i 1978). 

One of the principal statements of our hypothesis holds that during 
the cell vegetative life the genetic control functions are shared by MA 
and MI, being of a dynamic nature. Given this peculiarity of ciliate 
nuclear apparatus, one can understand why the MI loss does not always 
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result in a lethal outcome. A prolonged viability of MI~ cell lines may 
be accounted for by the changes in the MA genome differential activity. 
In the cases when such a redistribution of genetic control is possible, 
the M I - ' s form quite viable lines, in spite of the loss of MI. 

The evidence brought by other authors and our own data suggest 
that the MA fragmentation as observed in some cases may be a mor-
phological expression of such a redistribution of genetic control over, 
the functions at the light microscopic level. That process accounts for 
the spatial isolation of part of MA so that in the end the MA fragments 
become capable of replacing the generative nucleus functionally. 

As shown earlier, the loss of MI derivatives during the sexual reor-
ganization of nuclear apparatus causes the formation with a high f r e -
quency up to 65% of ful ly viable exautogamont MI~ cell lines in 
P. caudatum ( O s s i p o v and S k o b l o 1968). Similar phenomenon has 
been also observed in 89°/o of conjugating pairs of P. caudatum between 
M l - and normal ones ( O s s i p o v and S k o b l o 1973). It 's worth men-
tioning that in both cases the formation of MA in the gamonts of MI 
cultures was due to the MA regeneration. Here, a definitive MA deve-
loped f rom an isolated fragment of the old MA and not from the syn-
karyon derivative as is the case under the normal conditions. A com-
parison with the results of MI removal f rom the vegetative cells by 
means of a UV beam permits the suggestion that af ter the loss of MI 
by the vegetative cells, a reorganization of the MA genome differential 
activity is either impeded or cannot be completed before the organism's 
death. On the contrary, in exautogamont and exconjugants that have 
lost their MI, the MA reorganization process is completed with a high 
frequency, being probably facilitated, by the development of MA from 
a f ragment of the old one. Thus, we can see that d i f f e r e n t s t a g e s 
of t h e l i f e c y c l e v a r y a s t o t h e p r o b a b i l i t y of t h e MI 
l o s s c o m p e n s a t i o n . Consequently, the formation of viable MI~ 
cell lines in P. caudatum a f ter the sexual process does not contradict 
our assumptions concerning the MI activity. There is evidence that 
a spontaneous or induced loss of MI is more often lethal for older clones 
than for younger ones in S. mytilus (F r i c k 1967), T. pyriformis 
( W e i n d r u c h and D o e r d e r 1975), P. bursaria (G o 1 i k o v a 1978), 
P. putrinum (F o k i n 1978 a). 

The experimental data obtained by us together with some of the 
above evidence of other authors indicate that a certain activity of MI 
is essential for the normal functioning of the cell during its vegetative 
life. Again, there is no indication that the vegetative functions are ex-
clusively the responsibility of MA. We suggest that with the appear-
ance, in the course of evolution, of a heteromorphic nuclear apparatus 

5 — Acta Protozoologica 20/1 
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system, the ciliate MI genome was given a unique chance not to syn-
thesize some forms of RNA such as rRNA or other non-informational 
types. We have already discussed such technical problems as arise when 
one tries to discover RNA synthesis in MI. It is due to the MI function-
al significance that the MI~ cells which appear spontaneously in the 
population have a reduced selective value through their low division 
rate or display a complete inviability. Thus, the biological sense of MI 
functional activity is to be found in the preservation of generative nu -
cleus as an active component of the nuclear apparatus throughout the 
agamic period of life-cycle in ciliates. Of an increased selective value 
are only those cell lines which preserve their generative cells during 
the entire agamic period. 

The ciliate evolution includes probably other mechanisms aimed at 
the preservation of MI over a long succession of agamic generations. 
Among such morphological and functional adaptations one can mention 
those well-known f rom ciliate karyology ( R a i k o v 1967, 1968, 1978). 
This is, f irst of all, the formation in the course MI mitotic division of 
an extremely large spindle accounting for the daughter nuclei movement 
toward the opposite poles of a dividing ciliate. Secondly, it is a wide-
spread phenomenon of multiple generative nuclei in ciliates having 
a fairly large cell size; this, of course, reduces the probability of the 
appearance of M I - cells. And thirdly, the preservation of MI is cer-
tainly facilitated by morphological contacts between the MA and MI 
membranes ( T u c k e r 1967, I n a b a and K u d o 1972, G o l d e r 1976). 
It is believed that the reliability of MI preservation in Paramecium is 
achieved through a combination of various factors. In P. caudatum, 
P. putrinum, P. bursaria it is undoubtedly associated with the large 
size of MI division spindles and with polyploidy of that nucleus. In 
P. woodrujji and P. jenningsi a greater reliability of MI preservation 
is accounted for by an increase in the number of generative nuclei up 
to 2-4. 

The evidence available indicates that the ciliate MI is an active com-
ponent of an integrated system of cell nuclear apparatus. This may ex-
plain the reasons why different pat terns of MI loss in a number of ci-
liate species do not have the same effect on the viability of M I - cells. 
It is quite evident that each pat tern of denucleation disturbs in its own 
way the system of interactions between the cell nuclei. 

Discussing this problem on a comparative basis, one should bear in 
mind that the appearance and development of heteromorphism in ciliate 
nuclei as a pat tern of functioning nuclear apparatus has evolved within 
that type of Protozoa ( R a i k o v 1967, 1968, 1976, 1978). In different 
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taxonomic groups of Ciliophora an interaction between the elements of 
nuclear system has obviously been developed independently. So, one can 
suggest that MI of different groups of Ciliophora controls a different 
complex of functions. This explains why it is so important for a com-
parative study of MI functional significance to use a single method of 
investigations, adequate to the purpose. 

While evaluating the results of manipulations with MI it should be 
remembered that some ciliate species display a considerable difference 
in the molecular size of MA and MI genomes. Thus, in S. mytilus the 
genome of a definitive MA is no more than 1.6°/o of the MI genome, 
while in T. pyriformis it is as great as 80 to 90°/o (M u r t i 1973, A m -
m e r m a n n et al. 1974). But it was S. mytilus that featured the ap-
pearance of pseudo-MI from the MA derivatives af ter the loss of ge-
nerative nucleus. There is indirect evidence of reduction of the MA 
genome also in P. bursaria ( S c h w a r t z and M e i s t e r 1975). This 
allows to a suggest that the MI genes, active during the vegetative life, 
are not eliminated in the course of formation of the definitive MA in 
those ciliates, thus accounting for the compensation of MI loss and the 
viability of MI~ cells. 

The widely known data on frequent occurrence of M I - in the "la-
boratory" cultures of numerous ciliate species ( E l l i o t t 1973, B o r c h -
s e n i u s 1975, B o r c h s e n i u s and O s s i p o v 1978) and on the high 
share of ful ly viable MI~ cell lines in the natural populations of such 
species as T. pyriformis ( M c C o y 1976, N a n n e y and M c C o y 1976, 
N a n n e y 1977), seem inconsistent with our reasoning. Though the me-
chanism of appearance of M I - cells in reported cases has never been 
established, those facts are usually used as a basic argument to substan-
tiate an absolute functional inertness of MI in ciliates ( A l l e n and 
G i b s o n 1973). We believe that the major fault of such arguments is 
regarding the nuclear apparatus of cell as a simple aggregate of fu l ly 
independent heteromorphic nuclei and not as an integrated system. 

Thus, the well-established fact of the existence in some ciliates of 
MI~ cell lines, cannot be, in our opinion, a valid proof of MI being 
functionally inert. There is a similar situation when one tries to evaluate 
the functions of organelles in a eukaryotic cell on the sole basis of 
their physical loss. The possibility to obtain mutants with an altered 
structural organization and functions of plastids, mitochondria and kine-
toplasts or, else, a complete loss of those organelles does not imply the 
initial lack of their specific and extremely important functions (S a-
g e r 1972, Y o s t 1972, M a r g u l i s 1976, K a l l i n i k o v a 1977). In 
fact, the cells having such mutational damages are capable of compen-
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sating the functional defects in organelles and even their loss by using 
different metabolic means and energy sources. 

Thus, our experimental results together with the data published by 
other authors permit us to pu t forward a hypothesis concerning the 
lunctional activity of generative nuclei. Its major statements are given 
below. Execution of a complete range of vegetative functions controlled 
by the nuclear apparatus involves not only the transcription activity of 
MA but also some activity of MI genome. In terms of contemporary 
molecular biology the MI functional activity should consist basically in 
the synthesis of specific RNA forms. Therefore, one should consider 
such evidence as points to the process of RNA synthesis in the genera-
tive nucleus to be the best proof of its functional activity. But the cell 
duality in ciliates interferes with an unequivocal interpretation of the 
presence of RNA synthesis in situ in MI. However, it should be noted 
that some authors have demonstrated the inclusion of traced precursors 
of RNA in MI ( P a s t e r n a k 1967, R a o and P r e s c o t t 1967, A m -
m e r m a n n 1970, G o r o v s k y 1973). But does it mean that the MI 
transcription activity thus observed is identical to that associated with 
the MA genome of the same cell? From the viewpoint of our hypothesis 
one can suggest that the transcription in MI is of qualitative specificity 
as compared with MA. What happens in MI is, probably, the synthesis 
of some may be not numerous, but unique forms. So far, we know of 
only one short contribution substantiating the above suggestion (P u m o 
and G o l d s t e i n 1977). That paper, devoted to the results of electro-
phoresis in polyacryloamide gel compares low molecular stable RNA's 
(sn RNA) isolated f rom MA and MI. Though it is quite obscure what 
part that fraction of RNA plays, s t ructural or functional, one fact de-
serves consideration. The banding pat tern of sn RNA appears to be 
distinct in both types of nuclei: each nucleus displays at least two sn 
RNA bands missing in the other, while the concentration of the re-
maining fractions is different in MA and MI. 

The data obtained with the help of experimental methods involving 
inactivation (destruction) of nuclei demonstrate convincingly the func-
tional significance of MI in a number of ciliates. The generative nucleus 
activity is a guarantee that during the reproduction process in a species 
only those cell lines will be mainly preserved which have not lost their 
generative nucleus. The range of MI functions may vary from one ta-
xonomic group in Ciliophora to another. Our hypothesis allows a new 
approach to the cytogenetic and molecular biological data on the ciliate 
nuclear apparatus, since functional inertness of MI seems to be doubt-
ful . 
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SUMMARY 

By applying the method of a UV microbeam irradiation, the micronucleus 
(MI) was removed from the cells of f ive species of Paramecium (P. caudatum, 
P. bursaria, P. putrinum, P. woodruffi, P. jenningsi). The data obtained show 
that the normal vital activity otf ciliates during their vegetative l i f e cannot be 
controlled by intense transcription of macronucleus genome (MA) alone; the MI 
functional activity is also essential. This implies that MI is an act ive component 
of an integrated system of cell nuclear apparatus where interactions between 
nuclei play a special role. During the cel l vegetat ive l i fe the genetic control 
functions ате shown by MA and MI and have a dynamic nature. 

It is still unknown what particular elementary functions are controlled by 
the MI genome. Numerous data concerning a fairly normal viability of speci-
mens which have lost their MI (MI-) are to be explained by changes in the dif-
ferential activity of MA genome. 

Contradictory evidence on the ef fect of MI loss known from other publica-
tions is probably due to the fact that different methods of denucleation differ-
ently alter the system of interactions between the cell nuclei. The cell response 
to the MI loss varies considerably even within closely related species of Para-
mecium, representatives of higher and lower forms. In different groups of 
Ciliophora the micronucleus probably controls a different complex of functions. 
It has been demonstrated for P. caudatum that the probability of MI loss com-
pensation varies at different stages of the l i fe cyc le (vegetative cells, gamonts). 
The MI functional activity may be regarded as a kind of mechanism which 
render possible the preservation of generative nucleus over many agamic cell 
generations until the next reproduction process. Our hypothesis concerning the 
MI functional activity provides a n e w approach to the cytogenetic and molecular 
biological data on the ci l iate nuclear apparatus. 

РЕЗЮМЕ 

Используя метод УФ укола, произведено удаление микронуклеуса (МИ) из клеток пара-
меций пяти видов (Paramecium caudatum, P. bursaria, P. putrinum, P. woodruffi, P. jenningsi). 
Полученные данные доказывают, что для нормальной жизнедеятельности инфузорий в период 
вегетативной жизни, помимо интенсивной транскрипции генома макронуклеуса (МА).суще-
ственна функциональная активность МИ. Это означает, что МИ является активным ком-
понентом единой системы ядерного аппарата клетки, в которой существенную роль играют 
межъядерные взаимодействия. Во время вегетативной жизни клеток функции генетического 
контроля распределены между МА и МИ и носят динамический характер. Пока не известно, 
какие именно элементарные функции вегетативной клетки контролирует геном МИ. Мно-
гочисленные данные о сравнительно нормальной жизнеспособности особей, утративших МИ 
(МИ -), мы объясняем изменением дифференциальной активности генома МА. Известные 
противоречия литературных данных о последствиях утраты МИ, по-видимому, основаны 
на том, что различные способы денуклеации по-разному нарушают в клетке систему ме-
жъядерных взаимодействий. Реакция клетки на потерю МИ существенно отличается даже 
у близких видов парамеций: представителей низших и высших форм. Вероятно в различных 
группах Ciliophora МИ контролирует неодинаковый набор функций. Установлено, что у P. ca-
udatum вероятность компенсации утраты МИ различна на разных стадиях жизненного цикла 
(вегетативные клетки, гамонты). Функциональная активность МИ может рассматриваться 
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как своего рода механизм, гарантирующий сохранение генеративного ядра в течение многих 
агамных клеточных поколений до очередного полового процесса. Предложенная нами ги-
потеза о функциональной активности МИ позволяет под новым углом зрения рассматривать 
цитогенетические и молекулярно-биологические данные по ядерному аппарату инфузорий. 
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Cunoncuc: Путем трансплантации ядер между разными штаммами (культурами) 
Amoeba proteus получали ядерно-цитоплазматических„гибридов"и определяли их 
жизнеспособность. Определяли также жизнеспособность внутрикультуральных 
ренуклеатов (BP) разных культур. Для разных культур доля нежизнеспособных 
ВР варьировала от 5 до 64%. При исследовани „гибридов" четыре комбинации 
культур оказались полностью несовместимыми, а шесть совместимыми. Не 
обнаружено комбинации культур, характеризующихся частичной несовмести-
мостью. Обнаружено так, что трансплантационные отношения амеб двух 
штаммов в ходе их длительного культивирования могут измениться. Высказы-
вается предположение, что трансплантационная несовместимость амеб может 
быть обусловлена какими-то эпигенетическими различиями. Полученные в ра-
боте данные о жизнеспособности ядерно-цитоплазматических „гибридов" амеб 
сопоставляются с литературными данными о жизнеспособности гетерокарио-
нов, полученных для тех же комбинаций штаммов. 

Амебы Amoeba proteus относятся к небольшому кругу клеток, хорошо 
переносящих имплантацию ядра и цитоплазмы. Это означает, что если транс-
плантации произведены между амебами одной культуры1, большинство 
амеб-реципиентов (гомотрансплантантов) оказываются жизнеспособными. 
Гибель некоторого количества гомотрансплантантов объясняется, по-види-
мому, как тем, что в культуре, из которой были взяты для операции амебы, 
могут присутствовать нежизнеспособные по тем или иным причинам клетки, 
так и тем. что некоторые клетки травмируются в результате операции необра-
тимо. 

1 Данной культурой амеб в настоящей статье называется совокупность амеб одного 
штамма, культивируемых в одном сосуде. Новая культура амеб данного штамма может 
быть получена из существующей путем изоляции и последующего культивирования несколь-
ких амеб или одной амебы. В последнем случае новая культура будет представлять собой 
субклон по отношению к исходной культуре. 
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Если трансплантации производятся между амебами, взятыми из культур 
разных штаммов2, результат может отличаться от описанного. При использо-
вании некоторых комбинаций штаммов либо все, либо преобладающее боль-
шинство амеб-реципиентов (гетеротрансплантантов) оказываются нежизне-
способными. Такой результат можно рассматривать как проявление некой 
трансплантационной несовместимости амеб разных штаммов. Амебы разных 
штаммов не обязательно трансплантационно несовместимы; бывают тран-
сплантационно совместимые штаммы амеб, т.е. в этом случае доля нежизне-
способных гетеротрансплантантов не превышает долю нежизнеспособных 
гомотрансплантантов для каждой из двух культур амеб. 

Трансплантационная несовместимость амеб обнаруживается как при имплан-
тации ядер, так и при инъекциях цитоплазмы амеб одного штамма в амеб 
другого. В первом случае получают либо гетерокарионов (если собственные 
ядра клеток-реципиентов не удаляются), либо ядерно-цитоплазматических 
"гибридов" (если ядра клеток-реципиентов предварительно удаляются; в даль-
нейшем просто гибридов). Хотя до сих пор лишь для трех комбинаций тран-
сплантационно несовместимых штаммов амеб производились как транспла-
нтации ядер, так и иньекции цитоплазмы (Lorch and Daniell i 1953, Hawkins 
and Cole 1965, Lorch and Jeon 1969, Lorch 1969, Махлин и Юдин 1969), 
полученные данные позволяют считать, что гетерологичная цитопл'азма ме-
нее „токсична", чем гетерологичные ядра, поскольку амебы с инъецированной 
гетерологичной цитоплазмой выживают чаще, чем с имплантированными 
ядрами. До сих пор ни разу не наблюдалась 100%-ная нежизнеспособность 
амеб, которым была инъецирована гетерологичная цитоплазма. Вместе с тем 
100%-ная нежизнеспособность зарегистрирована для гетерокарионов и гибри-
дов, полученных для ряда комбинаций штаммов. 

Наряду с комбинациями трансплантационно несовместимых штаммов, 
для которых не было получено ни одного жизнеспособного гетерокариона 
или гибрида, известны комбинации, для которых наблюдалось редкое выжи-
вание гетеротрансплантантов этих типов. Если гетеротрансплантанты данного 
типа, полученные для разных комбинаций штаммов, различаются по частоте 
(вероятности) выживания, то частоту выживания можно было бы рассматривать 
как показатель степени трансплантационной несовместимости (совместимо-
сти) штаммов3. 

В предыдущих работах, выполненных в нашей лаборатории, транспланта-
2Щтаммом у амеб называют потомство одной амебы, взятой из природного водоема. 

Поскольку у амгб отсутствует половой процесс, понятие штамм для них является синонимом 
понятия клон. 

3В качестве показателей степени трансплантационной несовместимости амеб можно 
было бы использовать ,как очевидно, и другие особенности поведения гетеротрансплантантов, 
такие, например, как частота делений нежизнеспособных клеток, численность клонов, образуе-
мых нежизнеспособными клетками, срок первого после операции деления жизнеспособных 
клеток, скорость размножения амеб в клонах, образуемых жизнеспособными гетеротранс-
плантантами, и т.д. 
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ционная совместимость амеб оценивалась путем определения жизнеспособно-
сти гетерокарионов (Махлин 1971, Юдин 1975). В этих работах ставилась 
задача квалифицировать штаммы амеб в попарных комбинациях как совме-
стимые и несовместимые. Однако, разные комбинации штаммов, которые 
были квалифицированы как несовместимые, различались в отношении частоты 
выживания гетерокарионов: для одних комбинаций штаммов не было получе-
но ни одного выжившего гетерокариона, для других наблюдалось редкое 
их выживание (до 20%)- С другой стороны, гетерокарионы, полученные для 
разных комбинаций совместимых штаммов, также несколько различались 
по жизнеспособности (от 70 до 95% жизнеспособных). Последний факт также 
мог бы свидетельствовать о разной степени совместимости амеб разных 
штаммов, если бы при контрольных операциях, т.е. при получении дйгомо-
карионов, амебы разных штаммов выживали бы с одинаково высокой частотой. 
Однако в рассматриваемых работах жизнеспособность дигомокарионов для 
каждого использованного штамма не определялась. 

В связи со сказанным мы попытались в настоящей работе выяснить, разли-
чаются ли по степени трансплантационной совместимости (несовместимости) 
амебы ряда имевшихся в нашем распоряжении штаммов. 

Для оценки трансплантационной совместимости амеб проще получать 
гетерокарионы, а не гибриды, поскольку в первом случае не нужно удалять 
ядра клеток-реципиентов. Однако, если иметь в виду регистрацию редких 
случаев выживания гетеротрансплантантов несовместимых штаммов, опреде-
ление жизнеспособности гибридов кажется более надежным по следующей 
причпне. При трансплантации ядер из одних амеб в другие бывают случаи, 
когда трансплантируемое ядро не прорывает плазматическую мембрану одной 
из клеток (донора или реципиента) и оказывается в клетке-реципиенте заклю-
ченным в "чехол" из мембраны (Lorch and Daniel l i 1953, Jeon 1970). Такое 
мнимо имплантированное ядро вскоре после операции выбрасывается из 
клетки-реципиента. При некотором опыте выполнения трансплантаций ядер 
у амеб обычно не представляет труда решить, была ли имплантация успешной 
или нет. В последнем случае мнимо оперированная клетка выбраковывается. 
Однако, нельзя исключить возможность того, что в единичных случаях неудач-
ная имплантация ядра может быть принята за успешную. При получении 
гетерокарионов мнимо оперированная клетка будет представлять собой 
одноядерную амебу с собственным ядром. При определении жизнеспособности 
гетерокарионов, полученных для несовместимых штаммов, такая амеба выжи-
вет, что будет расценено, как редкое выживание гетерокариона. Если же 
целью операции является получение гибридов, то мнимо оперированная амеба 
окажется безъядерной и, естественно, погибнет. Имея в виду эти соображения, 
мы в настоящей работе характеризовали трансплантационные отношения 
амеб разных штаммов путем получения и определения жизнеспособности 
гибридов. 
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Таким образом, задача работы состояла в том, чтобы на основании опре-
деления жизнеспособности гибридов между амебами различных штаммов 
выяснить, различаются ли разные комбинации штаммов по степени трансплан-
тационной несовместимости. 

М а т е р и а л и методика 

Культуры амеб 

Были использованы 9 культур амеб, по одной культуре штаммов А, В, С, L, Т 1 Р и по две 
культуры штаммов Вк и Da, обозначенных далее как Bkl и Bk2, Dal и Da2. Сведения о про-
исхождении в нашей коллекции штаммов А, В, Вк, С, Da и L даны в работе Юдина (1975). 
Амебы штамма T iP, обозначаемые далее как амебы Р и широко используемые в ряде лабо-
раторий (см.: Jeon and Lorch 1973), были в 1975 г. любезно присланы в нашу лабораторию 
Н. J. Ord (University of Southampton, Англия). Культуры Bkl и Bk2 происходят от одной 
культуры Вк, которая ведется в нашей лаборатории с 1969 г. (см.: Юдин 1975). Культура 
Bkl была основана в 1972 г. и велась в нашей лаборатории при 25°. Культура Вк2 была осно-
вана в 1969 г. и велась в Лаборатории зоологии беспозвоночных Петергофского научно-иссле-
довательского биологического института при Ленинградском университете при 20°. Точно 
так же кульгуры Dal и Da2 происходят от одной культуры амеб Da, основанной в нашей 
лаборатории в 1970 г. (см.: Юдин 1975). Обе культуры также велись в нашей лаборатории, 
культура Dal основана в 1972 г. и велась постоянно при 25°, культура Da2 основана в 1970 г. 
и до того, как была использована в настоящей работе, велась при комнатной температуре, 
затем содержалась при 25°. 

Амеб культивировали в солевой среде, используя в качестве корма инфузорий Tetra-
hymena pyriformis (Prescott and Carrier 1964). Массовые культуры амеб и клонируемые 
клетки содержались при 25°. 

Трансплантация ядер и определение жизнеспособности амеб 

Ядра амеб трансплантировали на агаре (Jeon and Lorch 1968) с помощью микрома-
нипулятора ММ-1; использовали объектив ОСФ-26. 

Ренуклеированных амеб содержали поодиночке и определяли их судбьу. Известно, 
что при трансплантационной несовместимости амеб гибриды не обязательно погибают 
сами, но могут делиться, образуя клоны из нескольких клеток, которые однако погибают 
(Lorch and Daniell i 1950, 1953, Jeon 1969, Lorch 1969). Максимальное число клеток, наблю-
давшееся в клонах, образованных нежизнеспособными гибридами, равнялось 16 (Jeon 1969). 
В связи с этим в настоящей работе ренуклеированная клетка квалифицировалась как жизне-
способная, если число амеб в образованном ею клоне достигало4 по крайней мере 16. При 
клонировании неоперированных амеб жизнеспособной считали клетку, давшую начало клону 
по крайней мере из 8 амеб. 

В результате серии операций, произведенных в одни день, получали гибридов между 
амебами какой-нибудь одной пары культур — по 20-25 гибридов каждого из двух реципрок-

4 В преобладающем большинстве клонов, вснникщях в рззультате деления ренуклеиро-
ванных амеб, которые были квалифицированы как жлшгзпогобные, было зарегистрировано 
большее число клеток — от 20 до 40. 
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ных типов. В большинстве случаев в тот же день производили ренуклеации такого же числа 
амеб той и другой культуры ядрами клеток той же культуры (внутрикультуральные рену-
клеаты — ВР). Одновременно с клонированием ренуклеированных амеб начинали клони-
ровать по 25 неоперированных амеб той и другой культуры. Жизнеспособность гибридов, 
полученных для каждой комбинации культур, была протестирована от 3 до 5 раз, жизне-
способность ВР каждой культуры — от 4 до 7 раз. Жизнеспособность гибридов большинства 
типов, кроме гибридов между амебами Вк2 и Оа2, определялась в период с февраля 1977 г. 
по июль 1978 г., гибридов между амебами двух указанных культур — с марта по июнь 1979 г 

Обозначения 

В настоящей работе используется общепринятый способ обозначенияо перированных 
амеб (см., У и ё т 1979), например: А^^Ас — амеба А, у которой собственное ядро за-
менено ядром другой амебы А; А^ВС — амеба В, у которой собственное ядро заменено 
ядром амебы А; А ^ м с ~~ гетерокарион, полученный в результате имплантации ядра амебы 
А в амебу В. 

Р е з у л ь т а т ы 

Жизнеспособность ВР и неоперированных амеб 

Авторы, ранее определявшие жизнеспособность ВР у амеб, в каждом 
случае чаще всего имели дело с одной-двумя, реже — с большим числом 
культур амеб (Lorch and Danielli 1950,1953, Ord and Daniel l i 1956, Jeon 1968, 
1969, 1972, 1975, Ord 1968, Lorch and Jeon 1969, Hawkins and Willis 1969, 
Махлин и Юдин 1970, Ord and Bell 1970, Махлин 1974, 1977, Chatterjce 
and Rao 1974). Доля нежизнеспособных BP, по данным цитируемых авторов, 
колеблется в пределах 10-30%. В настоящей работе в одних и тех же экспери-
ментальных условиях была определена жизнеспособность ВР для 9 культур 
амеб. Поскольку жизнеспособность ВР, полученных для разных культур, 
оказалась различной, эти данные заслуживают специального рассмотрения. 

Доля нежизнеспособных ВР от суммарного их количества, полученного для 
каждой культуры, варьирует от 5% для амеб Da2 до 64% для амеб Bkl (табл. 1). 
В ряду культур, ранжированных по доле нежизнеспособных ВР, статистически 
значимым оказывается, например, различие между амебами Da2 и С (5 и 17% 
нежизнеспособных ВР соответственно), между амебами А и Bkl (42 и 64%; 
Р<0,05, критерий /2).Отметим также, что достоверные различия долей нежизне-
способных ВР получены для разных культур как штамма Вк, так и штамма Da. 

Крайние значения долей нежизнеспособных ВР, полученные для разных 
групп амеб одной культуры, ренуклеированных в разные дни, для некоторых 
культур различаются больше, чем следовало бы ожидать при биномиальном 
распределении выборочных долей. Если принять доверительную вероятность 
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Таблица 1 

Жизнеспособность амеб, ренуклеированных ядрами клеток 
той же культуры, и неоперированных амеб 

Table 1 

Viability of amoebae renucleated with nuclei of the same culture and of 
unoperated amoebae 

Культура 
амеб 

Culture 
of amoe-

bae 

Число ренук-
леированных 

амеб 
No. of renucle-
ated amoebae 

Доля нежизне-
способных, % 
% of nonviable 

ones 

Число неопе-
рированных 

амеб 
No. of unope-
rated amoe-

bae 

Доля нежизне-
способных, % 

% of nonviable 
ones 

Доля амеб, по-
гибших в резу-
льтате ренукле-

аций, %* 
% of amoebae 

dying as a result 
of renucleation* 

Da2 75 5 75 0 
С 163 17 175 11 — 

Dal 99 20** 100 6 15 
L 96 21 100 22 — 

P 99 22** 100 4 19 
Bk2 96 27*** 100 14 15 
A 149 42 150 32 — 

В 168 54** 175 22 41 
Bkl 162 64** 175 31 48 

* Рассчитана, исходя из правила сложения вероятностей двух независимых совместимых событий. 
* Calculated on the base of the rule of summation of probabilities of two independent 
compatible events. 

** Достоверно отличается от дэли нежизнеспособных неоперированных амеб, Р<0.01. 
•» Significantly different from the •/• of nonviable unoperated amoebae, P < 0.01. 

*** Достоверно отличается от доли нежизнеспособных неоперированных амеб, Р<0.05. 
*** Significantly different from the •/• of nonviable unoperated amoebae, P < 0.05. 

0.05, то различие крайних значений выборочных долей нежизнеспособных 
BP следует считать значимыми для 5 культур: А, В, Вк, С и L; при доверитель-
ной вероятности 0,01 — для 3 культур: А, В и L. Наибольшим рассматриваемое 
различие оказалось для амеб В: 5 и 20 нежизнеспособных клеток из 25 ренуклеи-
рованных. Если принять генеральную долю нежизнеспособных амеб В равной 
54% (Табл. 1), то для выборок указанного объема при биномиальном распреде-
лении долей 95%-ный доверительный интервал соответствует 8-18 клеткам 
(расчет доверительного интервала с помощью 99-преобразования Фишера). 
Таким образом, для ряда культур те их свойства, которые определяют вероя-
тность выживания ренуклеированных амеб, на протяжении выполнения рабо-
ты не оставались неизменными. 

Доля нежизнеспособных неоперированных амеб для разных культур также 
оказалась различной (Табл. 1), хотя она колеблется в меньших пределах, 
чем доля нежизнеспособных BP: от 0 для амеб Da2 до 32% для амеб А. При 
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использованном для клонирования числа амеб различие в доле нежизнеспосо-
бных клеток оказывается статистически значимым, например, для культур 
С и В (11 и 22%, Р<0.01), С и L (11 и 22%, 0.01<Р<0.05). Значимым оказыва-
ется также различие в доле нежизнеспособных амеб Bkl и Вк2 (31 и 14%, 
Р<0.01). 

В разных выборках неоперированных амеб из одной культуры, также 
как и в случае ВР, доля нежизнеспособных клеток для ряда культур, особенно 
для культур Bkl и L, варьировала в больших пределах, чем следовало бы ожи-
дать при биномиальном распределении признака. Так, максимальное число 
нежизнеспособных амеб Bkl из 25 клонируемых было 13, минимальное — 2; 
при средней доле 31% (Табл. 1) 95%-ный доверительный интервал при бино-
миальном распределении соответствует 3-12 клеткам. При использованных 
обьемах выборок (не более 25 амеб) невозможно установить, связаны ли стати-
стически неслучайные колебания выборочных долей нежизнеспособных ВР 
данной культуры с колебаниями долей нежизнеспособных неоперированных 
амеб. 

При сравнении суммарных долей нежизнеспособных неоперированных амеб 
и ВР для каждой культуры оказывается, что для 4 культур — А, С, Da2 и Р — 
различия не значимы; для остальных 5 культур доля нежизнеспособных ВР 
значимо превышает долю нежизнеспособных неоперированных амеб (Табл. 1). 
Хотя смертность после операции наиболее значительно возросла для амеб 
В и Bkl, характеризующихся исходно плохой клонируемостью, в целом полу-
ченные данные не позволяют считать, что амебы тем хуже переносят ренуклеа-
цию, чем больше нежизнеспособных клеток в культуре, поскольу ренуклеация 
обусловила гибель ощутимой доли амеб Dal и Р, характеризующихся относи-
тельно высокой эффективностью клонирования. 

Таким образом, обнаружено, что разные культуры амеб, использованные 
в работе, на протяжении нескольких месяцев различались по доле присутству-
ющих в них жизнеспособных клеток и что амебы разных культур с разной 
частотой необратимо повреждаются в результате ренуклеации. Оба эти фа-
ктора обуславливают разную жизнеспособность амеб разных культур после 
ренуклеации их ядрами клеток той же культуры. 

Жизнеспособность гибридов 

Гибриды были получены для 10 пар культур, для каждой пары — оба 
реципрокных типа гибридов. Жизнеспособность гибридов сравнивали с жизне-
способностью только тех ВР "родительских" культур, которые были рену-
клеированы в те же дни, в какие были получены гибриды, или в ближайшие 
к ним дни. Поэтому данные о выживаемости ВР одной и той же культуры, 
представленные в Табл. 2 в качестве контроля для разных гибридов, могут 

8 — Acta Protozoologica 20/1 
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несколько различаться, также как они могут отличаться от суммарных данных 
о выживании ВР, представленных в Табл. 1. ; 

Для гибридов разного типа доля нежизнеспособных клеток варьирует 
в широких пределах: от 7% для гибридов DalN А с до 100% для гибридов 
ряда типов (Табл. 2). Все гибриды обоих реципрокных типов между амебами 
Dal и Р оказались нежизнеспособными. Для трех комбинаций культур — С 
и Dal, С и Р, Вк2 и Da2 — было получено по одной жизнеспособной гибридной 
амебе; гибриды реципрокного типа в каждом случае характеризуются 100%-ной 
нежизнеспособностью. При полученном числе гибридов различие между резуль-
татом, когда жизнеспособной оказалась только одна клетка, и результатом, 
когда ни один гибрид не выжил, не является статистически значимым. Таким 
образом, для четырех рассматриваемых комбинаций культур получен однотип-
ный результат. Во-первых, амебы разных культур в каждой из четырех ком-
бинаций оказались трансплантационно несовместимыми. Во-вторых, нет 
оснований считать, что разные комбинации культур различаются по степени 
несовместимости амеб; несовместимость для рассматриваемых пар культур 
следует считать максимально выраженной. В-третьих, можно допустить, что 
при максимально выраженной несовместимости амеб двух культур возможно 
редкое выживание гибридных амеб — по нашим данным, с частотой около 1%-. 

Среди гибридов всех остальных типов максимальной нежизнеспособностью 
— 62% — характеризуются гибриды BN С с и BklN А с (Табл. 2). Для того, 
чтобы решить, можно ли считать амеб какой-либо из 6 пар культур хотя 
бы частично несовместимыми, необходимо сравнить смертность гибридов 
со смертностью ВР обеих "родительских" культур. Для трех из шести рассма-
триваемых комбинаций культур — В и С, В и L, Bk 1 и Bal — доля нежизне-
способных ВР для двух культур оказалась значимо различной (Р<0.01). Для 
четырех комбинаций культур — А и Bk 1, А и Dal, В и С, Dkl u Dal — значимо 
различаются доли нежизнеспособных гибридов реципрокных типов (для двух 
первых комбинаций 0.01<Р<0.05, для двух последних Р<0.01). Если долю не-
жизнеспособных гибридов любого типа сравнить с долей нежизнеспособных 
ВР той ' "родительской" культуры, у которой она выше, то ни для одной пары 
культур жизнеспособность гибридов не оказывается значимо более низкой; 
чем жизнеспособность ВР. Следовательно, нет оснований считать амеб ни 
одной из шести рассматриваемых комбинаций культур хотя бы в слабой 
степени трансплантационно несовместимыми. 

Для 9 из 12 типов гибридов между совместимыми культурами доля 
нежизнеспособных клеток в разных партиях гибридов одного типа, полученных 
в разное время, варьировала несколько больше, чем следовало бы ожидать 
при биномиальном распределении выборочных долей. Возможно, этот факт 
связан с тем, что смертность неоперированных амеб и ВР некоторых культур 
на протяжении периода тестирования также не была неизменной. 

Для двух комбинаций совместимых культур — В и С, Bk 1 и Dal — оказа-
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Таблица 2 
Жизнеспособность ядерно-цитоплазматических 

„гибридов" амеб 

Table 2 

Viability of nucleocytoplasmic hybrids 

Комбинация 
культур 

Pairs of cultures 

Тип клеток 
Type of cells 

Число клеток 
No. of cells 

Доля нежизне-
способных, % 

% of nonviable 
amoebae 

A-Bkl A N B k l c 116 47 
Bkl N Ac 111 62 
A N A C 124 47 
B k l N B k l c 115 57 

A -Da l A N D a l c 71 21 
D a l N A c 68 7 
A N A C 74 28 
D a l N D a l c 75 17 

Bkl-Dal B k l N D a l c 85 50 
D a l N B k l c 86 27 
B k l N B k l c 97 68 
D a l N D a l c 99 20 

B-C BNCC 117 62 
C N B c 114 15 
BNBC 119 55 
CNCC 114 18 

B-L B n L c 96 56 
L n B c 99 42 
BNBC 99 51 
L N L C 96 21 

C-L CNLC 96 18 
LNCC 99 8 
CNCC 93 15 
LNLC 96 21 

C -Dal CN*Dalc 91 99 
D a l NC C 91 100 
CNCC 92 16 
D a l N D a l c 99 19 

C-P C N P c 96 100 
PNC c 100 99 
CNCC 94 14 
PNPC 99 22 

Dal -P D a l N P c 69 100 
P N D a l c 70 100 
D a l N D a l c 99 19 
PnPC 99 22 

BK2-Da2 Bk2NDa2 c 100 100 
Da2NBk2 c 97 99 
Bk2NBk2c 96 27 
Da2NDa2c 75 5 
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лось, что значимо различаются как доли нежизнеспособных BP двух культур, 
так и доли нежизнеспособных гибридов реципрокных типов. При этом более 
высокой жизнеспособностью характеризуются гибриды, содержащие ядра амеб 
той из двух культур, клетки которой чаще выживают после контрольных ре-
нуклеаций. Хотя мы столкнулись всего с двумя такими ситуациями, можно 
предположить, что вероятность гибели амеб после ренуклеации (как ядрами 
клеток той же культуры, так и — при трансплантационной совместимости — 
гетерологичными ядрами) определяется главным образом свойствами имплан-
тируемых ядер. 

Заслуживает внимания тот факт, что для разных культур одной и той же 
комбинации штаммов амеб — Bk и Da — получен разный результат в отно-
шении трансплантационной совместимости. Амебы Bkl и Dal оказались 
вполне совместимыми, амебы Вк2 и Da2 — совершенно несовместимыми. 

Нежизнеспособные амебы разных типов (неоперированные, BP или гибриды) 
либо погибали сами, либо делились и погибало их потомство. Оказалось, .. 
что нежизнеспособные гибриды между амебами несовместимых культур 
и нежизнеспособные гибриды между амебами совместимых культур разли-

Таблица 3 

Частота делений нежизнеспособных амеб разных типов 

Table 3 

Division frequency of nonviable amoebae belonging to different types 

Тип амеб 

Число нежи-
знеспособных 

амеб 
No. of nonviable 

amebae 

Доля клонов с разным 
максимальным числом 

клеток, % 
Type of amoebae 

Число нежи-
знеспособных 

амеб 
No. of nonviable 

amebae 

% of clones with different 
maximal number of cells 

1 2 3-4 

Неоперированные 207 51 24 16 9 

Unoperated 
Ренуклеированные ядрами 376 65 13 9 13 
клеток той же культуры 
Renucleated with the nuclei of 
the same culture 
Гибриды между совместимыми 420 68 9 10 13 
культурами 
Hybrids between compatible 
cultures 
Гибриды между несовместимы- 711 75 22 3 0 
ми культурами 
Hybrids between incompatible 
cultures 
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чаются по частоте различных форм нежизнеспособности. 25% от общего 
количества нежизнеспособных гибридов между несовместимыми амебами раз-
делились (Табл. 3). В 3% клонов одна или обе дочерние клетки разделились 
в свою очередь, но ни один рассматриваемый гибрид не дал более 4 клеток-
потомков. Нежизнеспособные гибриды между совместными амебами делились 
чаще и в 13% клонов число клеток, впоследствии погибших, превышало 4 
(Табл. 3). В этом отношении проявление нежизнеспособности у гибридов 
между совместимыми амебами не отличалось от того, что наблюдалось для 
ВР и неоперированных амеб (Табл. 3). Таким образом, формы проявления 
нежизнеспособности у гибридов между несовместимыми амебами менее раз-
нообразны, чем у других ренуклеированных или у неоперированных амеб. 
Этот факт позволяет предположить, что нежизнеспособность гибридов между 
несовместимыми амебами обусловлена если не одним, то по крайней мере 
меньшим числом факторов, чем нежизнеспособность амеб в других случаях. 

Обсуждение 

Нежизнеспособность неоперированных амеб 

Тот факт, что в массовых культурах амеб могут присутствовать нежизне-
способные клетки, отмечался неоднократно (Ord and Danielli 1956, Юдин 
1961, К а л ь н и й 1967, Парибок и др. 1968, Jeon 1968, Махлин и Юдин 1969, 
1970, Махлин 1971, Sopina 1976). Ранее также отмечалось, что доля нежиз-
неспособных амеб в данной культуре не может быть очень стабильным по-
казателем, поскольку она должна определяться многими факторами среды 
(Yudin and Sopina 1970). 

Недостаточная стандартность условий культивирования объясняет, по-
видимому, тот факт, что в настоящей работе для некоторых культур были 
получены достоверные различия долей нежизнеспособных амеб в разных 
выборках, взятых для клонирования в разное время. Это же обстоятельство 
может быть причиной того, что для одного и того же штамма амеб разные 
авторы получают различающиеся данные о доле нежизнеспособных клеток 
в культуре (об эффективности клонирования амеб). Так, по данным одних 
работ (Юдин 1961, Кальний 1967, П а р и б о к и др. 1968, настоящая работа), 
в культурах амеб В присутствовало около 20% нежизнеспособных клеток, 
по данным других работ (Кальний 1969, Sopina 1976), доля таких клеток 
не превышала 1%. Среди амеб С, клонируемых при 25°, по данным Sopina 
(1976), количество нежизнеспособных клеток не превышало 2%, по данным 
настоящей работы — достигало 11%. 

Следует, однако, отметить, что рассматриваемые различия данных разных 
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авторов в отношении эффективности клонирования амеб одного и того же 
штамма могут быть результатом, по крайней мере, еще двух причин: (1) 
различий в способах отбора партий амеб для клонирования и как следствие 
этого — неодинаковой репрезентативности выборочных данных в отношении 
всей культуры; (2) существования наследуемых различий каких-то свойств 
амеб разных культур одного штамма, проявляющихся в разной частоте утраты 
клетками жизнеспособности даже при сходных условиях культивирования. 

Хотя высокая лабильность такого показателя как доля нежизнеспособных 
клеток в культуре амеб очевидна, тем не менее при сравнении разных культур 
амеб, культивируемых в одних и тех же условиях, в некоторых случаях обна-
руживаются стойкие различия по этому показателю. Впервые различие культур 
амеб по частоте утраты клетками жизнеспособности описал Юдин (1961); 
такие же различия обнаружены в настоящей работе. В обоих случаях эти разли-
чия были характерны для сравниваемых культур на протяжении нескольких 
месяцев, поэтому можно предположить, что они обусловлены различиями 
каких-то наследуемых свойств амеб разных культур. Кроме того, по данным 
Юдина (1961), субклоны, полученные из сравниваемых культур, точно так 
же различались по частоте утраты амебами жизнеспособности, как и сами 
эти культуры, что также подтверждает наследственный характер рассматри-
ваемого различия. 

Отметим, однако, что данные разных авторов, сравнивавших эффекти-
вность клонирования амеб одних и тех же штаммов, могут существенно раз-
личаться. Так, Юдин (1961) наблюдал в культуре амеб В около 20% нежизне-
способных клеток, а в культуре амеб L — не более 8%; по данным S opina (1976), 
при клонировании амеб этих штаммов при 25° нежизнеспособными оказались 
около 1% амеб каждого штамма, а при 17° — 1% амеб В и 14% амеб L; в насто-
ящей работе амебы этих штаммов не различались по эффективности клониро-
вания, причем обе культуры характеризовались значительной долей нежизне-
способных клеток (22%). По данным К а льний(1969) амебы В и С характеризо-
вались почти 100%-ной эффективностью клонирования; при клонировании 
амеб этих штаммов при 25° S opina (1976) также получила 99% клонов амеб 
В и 98% клонов амеб С; в настоящей же работе для амеб этих же двух штаммов 
получены более низкие и достоверно различные значения (78 и 89%). 

Как и различия данных разных авторов в отношении эффективности кло-
нирования амеб какого-то одного штамма, расхождение данных в отношении 
различий культур одной и той же пары штаммов может быть результатом 
разных причин. Во-первых, можно предположить, что не все авторы произво-
дили отбор партий амеб для клонирования случайно. Если сознательно или 
бессознательно отбирать по тем или иным показателям „хорошие", „здоровые" 
клетки, то можно не обнаружить различия в доле присутствующих в культурах 
нежизнеспособных амеб. Во-вторых, можно предположить, что если какие-то 
наследуемые свойства амеб определяют вероятность утраты ими жизнеспособ-
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ности, различие разных культур по этим свойствам проявляется не при любых 
внешних условиях, а только на фоне условий культивирования, в какой-то 
мере отклоняющихся от оптимальных. В-третьих, можно предположить, чтсГ 
культуры амеб двух штаммов, с которыми работал один автор, различались 
в отношении наследственно обусловленной вероятности утраты клетками 
жизнеспособности, а культуры, использованные другим автором, не различа-
лись. 

О последней возможности свидетельствует, с нашей точки зрения, обна-
руженное в настоящей работе различие доли нежизнеспособных амеб в двух 
культурах одного штамма Вк. Хотя эффективность клонирования амеб этих 
культур определялась не одновременно, нет оснований подозревать, что обна-
руженное различие может быть связано с различием процедуры отбора кле-
ток для клонирования или с различием условий культивирования амеб Bkl 
и Вк2. Поэтому мы считаем, что различие в эффективности клонирования 
амеб Bkl и Вк2 свидетельствует о наследуемых различиях каких-то свойств 
амеб этих культур. При этом оказывается, что амебы Bkl отличаются, напри-
мер, от амеб С по частоте утраты жизнеспособности, а амебы Вк2 — не отли-
чаются. 

Стойкое повышение частоты утраты жизнеспособности обнаружено в куль-
турах амеб, подвергавшихся рентгеновскому облучению (Бычковская и 
Очи некая 1972) или воздействию повышенной температуры (Бычковская 
и Очинская 1977). Повышенная частота гибели клеток в таких культурах 
регистрируется на протяжении нескольких лет (Бычковская и Очинская 
1973). Поскольку наследуемые изменения, обуславливающие повышение час-
тоты гибели клеток, происходят у подвергнутых воздействию амеб с большой 
частотой, высказано мнение, что эти изменения относятся к классу эпигенети-
ческих наследуемых изменений (Bychkovskaya et al. 1980). Возможно, что за-
кономерная утрата жизнеспособности некоторыми клетками в ряду их поколе-
ний, обнаруживаемая в культурах амеб, не подвергавшихся специально каким-
либо воздействиям, обусловлена теми же генетическими механизмами, как 
и в случае экспериментально повышенной частоты гибели амеб в опытах Ъыч-
ковской и соавторов. 

Коль скоро в культуре амеб присутствует некоторое количество нежизне-
способных клеток, нежизнеспособными должны оказаться как некоторые из 
амеб этой культуры, ренуклеированных ядрами клеток той же культуры, 
так и некоторые гибриды между амебами этой и какой-то другой культуры. 

Нежизнеспособность внутрикультурных ренуклеатов 

В настоящей работе впервые обнаружено, что амебы разных культур разли-
чаются в отношении способности переносить ренуклеацию. Ренуклеация амеб 
одних культур не приводит к гибели клеток, некоторое количество амеб 
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других культур в результате ренуклеации утрачивает жизнеспособность. 
Поскольку культуры различались в этом отношении на протяжении ряда 
месяцев, есть основания предполагать, что различие в способности переносить 
ренуклеацию связано с различием каких-то наследуемых свойств амеб. 

Для трех из шести комбинаций совместных культур — В и С, В и L, Bk 1 
и Dal — доля нежизнеспособных ВР для двух культур оказалась статистиче-
ски значимо различной. При этом для одной из этих комбинаций (В и L) доли 
нежизнеспособных гибридов реципрокных типов не различались, а для двух 
остальных — различались. В последних двух случаях чаще погибали те гибри-
ды, которые имели ядра культуры, характеризующейся более частой нежизне-
способностью ВР. Такой результат позволяет предполагать, что различие в жи-
знеспособности ВР разных культур связано с различной повреждаемостью 
при операциях ядер, а не цитоплазмы амеб. 

Трансплантация ядер у амеб производится с помощью стеклянной микро-
иглы. При электронно-микроскопическом исследовании трансплантированных 
амебных ядер обнаружено, что у многих ядер повреждается оболочка, вплоть 
до ее разрывов (Flickinger 1970). Показано также, что по крайней мере у не-
которых ядер эти нарушения обратимы и что в восстановлении нормальной 
структуры оболочки принимает участие эндоплазматический ретикулум 
(Flickinger 1970, 1974, 1978). По-видимому, трансплантированное амебное 
ядро может быть повреждено также и необратимо. Различная частота утраты 
жизнеспособности амебами разных культур в результате ренуклеации может 
быть связана как с разной механической прочностью оболочки их ядер, так 
и разной эффективностью процессов репарации повреждений оболочки. 

Если некоторые амебные клетки, ренуклеированные ядрами амеб той же 
культуры, утрачивают жизнеспособность, трудно ожидать, что гибриды между 
амебами этой и какой-то другой культуры будут всегда жизнеспособны 
даже при трансплантационной совместимости амеб этих культур. 

Жизнеспособность гибридов 

На основании определения жизнеспособности гибридов использованные ком-
бинации культур амеб четко дифференцируются на две группы: совместимые 
и несовместимые. Подчеркнем, что также как и в предыдущих работах, выпол-
ненных в нашей лаборатории (Махлин 1971, Юдин 1975), продемонстриро-
вана трансплантационная совместимость амеб некоторых культур (штаммов). 
Таким образом, вопреки высказываемому в литературе утверждению (Jeon 
and Lorch 1979) трансплантационная совместимость амеб разных штаммов 
— столь же обычное явление, как и трансплантационная несовместимость. 

При трансплантационной несовместимости культур для каждой из четырех 
их комбинаций нежизнеспособными оказались гибриды того и другого реци-
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прокных типов. Таким образом, также как и в большинстве других описанных 
случаев (см.: Yudin 1973, Yudin 1979, Jeon and Lorch 1973, 1979) мы имеем 
дело с такой формой трансплантационной несовместимости амеб, которая 
может быть названа симметричной. Для одной комбинации штаммов амеб 
описана несовместимость другой формы — несимметричная: большинство 
гибридов одного типа были нежизнеспособными, большинство гибридов 
реципрокного типа — жизнеспособными (Jeon 1972, 1975). В дальнейшем 
речь будет идти только о симметричной несовместимости у амеб. 

В настоящей работе не обнаружено комбинаций культур, которые можно 
было бы квалифицировать как частично несовместимые. Ранее разными авто-
рами были получены двоякого рода данные, либо определенно свидетельству-
ющие о частичной несовместимости амеб, либо позволяющие предполагать. 

Таблица 4 

Редкое выживание ядерно-цигоплазматических „гибридов" и 
гетерокарионов у амеб 

Table 4 

Rare survival of nucleocytoplasmic hybrids and heterokaryons in amoebae 

Тип гетеротранспла-
нтантов 

Type of heterotran-
sfers 

PnD C 

GnPC 
G n D C 

PNIC 
INPC 

PNDNC 
DnPNC 
DNSnc 
DNSMC 
CNPnc 
ANCnc 
CNANC 
BkNCN C 

CisBkNc 
CNDisN G 

Dis N C N c 
BkNBN C 

BkNLN C 

Число получен-
ных 

No. of obtained 
cells 

Число выживших 
No. of viable cells 

Источник 
References 

Гибриды 
Hybrids 

61 
85 
93 

149 
242 

Гетерокарионы 
Heterokaryons 

114 
186 
76 

108 
54 
50 
49 
49 
50 
74 
73 
40 
24 

1 
28 
28 
33 

2 
1 
8 

27 
1 
4 

11 
2 
2 
4 
7 
3 
1 

Lorch and Danie l l i 1950 
Lorch and J e o n 1969 
Lorch and Jeon 1969 
Chatterjee and Rao 1974 
Chat ter jeeandRao 1974 

Jeon and Lorch 1969 
Jeon and Lorch 1969 
Jeon and Lorch 1969 
Lorch and J e o n 1969 
Lorch and J e o n 1969 
Махлин 1971 
Махлин 1971 
Махлин 1971 
Махлин 1971 
Махлин 1971 
Махлин 1971 
Юдин 1975 
Юдин 1975 

http://rcin.org.pl



DO 

что такие ситуации существуют: (1) данные о разной частоте гибели гетеротранс-
плантантов, полученных при использовании совместимых штаммов; (2) данные 
о редком выживании гетеротрансплантан'тов, полученных при использовании 
несовместимых штаммов. Данные первого рода касаются разной частоты 
гибели гетерокарионов, полученных для ряда пар совместимых штаммов амеб 
(Махлин 1971, Юдин 1975). Однако в цитируемых работах не определялась 
жизнеспособность дигомокарионов для каждого использованного штамма. 
Между тем, как доказывают результаты настоящей работы, жизнеспособность 
гомотрансплантантов, полученных при использовании амеб разных культур, 
варьирует в широких пределах. В связи с этим, обсуждаемые данные о разной 
частоте гибели гетерокарионов, полученных для разных комбинаций совме-
сти мых штаммов амеб, не могут свидетельствовать о частичной транспланта-
ционной несовместимости некоторых штаммов. 

Данные второго рода получены как для гибридов, так и для гетерокарио-
нов (Табл. 4). Редкое выживание гибридов наблюдалось для четырех комби-
наций штаммов амеб. Из 61 гибрида PNDC жизнеспособным оказался только 
один. Если иметь в виду статистическую оценку значимости различий выбо-
рочных данных, такой результат не свидетельствует о меньшей несовмести-
мости амеб Р и D по сравнению с несовместимостью амеб, для которых была 
получена 100%-ная нежизнеспособность гибридов. Ошутимое количество жи-
знеспособных гибридов (около 30% гибридов одного из двух реципрокных 
типов в каждом случае) было получено для двух комбинаций несовместимых 
штаммов: G и Р, G и D. Отметим, однако, что штамм G — это не природный 
штамм амеб, а экспериментально полученный клон. Амебы этого клона 
являются потомками единственного выжившего гетерокариона DNPNC (см. 
Табл. 4) и ядра их происходят от ядра амебы Р (Jeon and Lorch 1969, Lorch 
-and Jeon 1969). Трансплантационные взаимоотношения амеб G с амебами 
исходных штаммов Р и D оказались весьма необычными: во-первых, в отличие 
от рассматриваемых гибридов GN Р с и GNDC ни один гибрид реципрокных 
типов не выжил5; во-вторых, гетерокарионы GNPN C и GNDNC оказались 
нежизнеспособными почти в 100% случаев (выжил только один гетерокарион 
GNPN C — Табл. 4). Подобные трансплантационные взаимоотношения не на-
блюдались до сих пор ни для какой другой комбинации несовместимых шта-
ммов. Возможно, своеобразие этих отношений как-то связано с тем, что амебы 
G являются экспериментально наследственно измененными амебами Р. 

Ввиду выживания некоторых гибридов между амебами штаммов Р и I 
(Табл. 4) несовместимость амеб этих штаммов следует считать меньшей, 
чем при 100%-ной нежизнеспособности гибридов. Это наиболее убедительный 

5 Имея в виду такой результат, Jeon and Lorch (1979) квалифицируют несовместимость 
штамма G со штаммами P H D как несимметричную; поскольку, однако, гибриды G N P C 
и G N J D C были преимущественно нежизнеспособными, нам такая оценка представляется 
весьма спорной. 
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из фигурирующих в литературе примеров неполной несовместимости штаммов, 
обнаруживаемой при определении жизнеспособности гибридов. Интересно 
отметить, что штаммы Р и I рассматриваются Cha t te r jee and Rao (1974) как 
штаммы амеб разных видов: Amoeba proteus и A. indica. 

Для ряда комбинаций несовместимых штаммов амеб было получено редкое 
выживание гетерокарионов (Табл. 4). В тех случаях, когда регистрировалось 
выживание одного-двух гетерокарионов данного типа, можно было бы пред-
положить, что этот результат является артефактом, о котором шла речь 
в начале настоящей статьи. Однако подобное сомнение кажется неоправда-
нным в отношении случаев более частого выживания гетерокарионов. Таким 
образом, на основании данных, представленных в Табл. 4, несовместимость, 
например, между штаммами А и С следовало бы считать меньшей, чем 
между штаммами, для которых не было получено ни одного жизнеспособного 
гетерокариона (см.: Махлин 1971, Юдин 1975). Допуская, что комбинации 
штаммов, для которых было получено редкое выживание гетерокарионов, 
характеризуются не максимальной несовместимостью, мы для трех таких 
комбинаций, представленных в Табл. 4 — А и С, Вк и С, Вк и L — получили 
по 20-25 гибридов того и другого реципрокных типов. Ни один полученный 
гибрид не выжил. Такой результат не позволял надеяться, что при определении 
жизнеспособности гибридов рассматриваемые комбинации будут характери-
зоваться не максимальной несовместимостью. Сопоставляя этот результат 
с данными о редком выживании гетерокарионов, полученных для тех же ком-
бинаций штаммов (Табл. 4), можно высказать предположение, что если штам-
мы несовместимы, вероятность (редкого) выживания гетерокарионов выше, 
чем вероятность выживания гибридов. 

В целом вопрос о существовании градации в степени трансплантационной 
несовместимости у амеб далек от ясности. Данные, представленные в Табл. 4, 
позволяют считать, что такая градация существует. Однако в настоящей 
работе при определении трансплантационных отношений амеб для 10 комби-
наций культур различий в степени совместимости обнаружено не было. Можно 
предположить, что частичная несовместимость штаммов амеб встречается 
не часто. Можно также предположить, что различия в степени несовместимости 
штаммов проявляются в разной частоте выживания гетерокарионов и не про-
являются в частоте выживания гибридов. 

О соотношении жизнеспособности гибридов и гетерокарионов, 
полученных для одних и тех же комбинаций штаммов амеб 

В недавно опубликованном обзоре, посвященном явлениям транспланта-
ционной несовместимости у амеб, J eon and Lorch (1979) рассматривают 
нежизнеспособность гибридов и нежизнеспособность гетерокарионов как не-
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связанные друг с другом явления (ядерно-цитоплазматическая несовмести-
мость в первом случае и ядерно-ядерная — во втором). Однако, если бы оказа-
лось, что для каждой из тех комбинаций штаммов, для которых нежизнеспо-
собны гетеротрансплантанты одного типа, также нежизнеспособны и гете-
ротрансплантанты другого типа, то такое совпадение позволяло бы предпо-
лагать, что нежизнеспособность гетеротрансплантантов разного типа у амеб 
обусловлена общими причинами. Другими словами, вопрос может быть 
сформулирован следующим образом: всегда ли оценка трансплантационных 
взаимоотношений двух штаммов, полученная на основании определения 
жизнеспособности гибридов, совпадает с оценкой, полученной на основании 
определения жизнеспособности гетерокарионов. 

Для 10 комбинаций штаммов, для которых в настоящей работе была опре-
делена жизнеспособность гибридов, ранее (Махлин 1971, Юдин 1975) опреде-
лялась жизнеспособность гетерокарионов. Сопоставление тех и других д анных 
(Табл. 5) показывает, что для 8 комбинаций штаммов оценки транспланта Цион-

Таблица 5 

Жизнеспособность гетерокарионов и ядерно-цитоплазматических 
„гибридов", полученных для одних и тех же комбинаций 

штаммов амеб 

Table 5 

Viability of heterokaryons and nucleocytoplasmic hybrids obtained 
for the same pairs of amoeba strains 

Комбинация штаммов 
Pair of strains 

Жизнеспособность ге-
терокарионов 

Viability of heteroka-
ryons 

Жизнеспособность ги 
бридов 

Viability of hybrids 

B-C + + 
B-L + + 
C-L + + 
Bk-Da + + или — 
A - C — — 

Bk-C — — 

Bk-L — — 

C-Da — — 

A-Bk — + 
A - D a - + 

,, + " — гетеротрансплантанты жизнеспособны, „—" — гетеротрансплантанты 
нежизнеспособны. Жизнеспособность гетерокарионов — по данным Мах ли на (1971) 
и Юдина (1975); жизнеспособность гибридов — по данным настоящей работы. 

„+" — viable heterotransfers, ,,—" — nonviable heterotransfers. 
Viability of heterokaryons according to M a k h l i n (1971) and Y u d i n 
1975); viability of hybrids — evidence of this investigation. 
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иых отношений совпадают6. Различия в жизнеспособности гетерокарионов 
и гибридов обнаруживаются для двух комбинаций штаммов: А и Bk, А и Da. 
Для того, чтобы выяснить, действительно ли для этих комбинаций штаммов 
жизнеспособность гибридов и гетерокарионов различна, мы получили неболь-
шие партии гетерокарионов обоих реципрокных типов для использованных 
в нашей работе культур амеб А и Dal. Оказалось, что из 24 гетерокарионов 
Dal n A n c нежизнеспособны были 6, а из 25 гетерокарионов ANDalN C — только 2. 
Таким образом, гетерокарионы, полученные для использованных нами куль-
тур штаммов А и Da, также как и гибриды оказались жизнеспособными. 
Поэтому расхождение в оценках трансплантационных отношений амеб А и Da, 
полученных при определени гетерокарионов (Юдин 1975) и при определени 
жизнеспособности гибридов (настоящая работа), обясняется не тем, что для 
этой пары штаммов гибриды жизнеспособны, а гетерокарионы нет, а тем, что 
культуры амеб этих штаммов, использованные Юдиным, были несовмес-
тимы, а культуры, использованные в настоящей работе — совместимы. То 
же самое, очевидно, верно и в отношении штаммов А и Bk. 

Таким образом, полученные к настоящему времени данные позволяют 
считать, что для любой пары культур амеб, для которой нежизнеспособны 
гетеротрансплантанты одного типа (гибриды или гетерокарионы), нежизне-
способны также и гетеротрансплантанты другого типа7. Такое совпадение 
позволяет думать, что нежизнеспособность гетеротрансплантантов обоих типов 
обусловлена общими причинами и что трансплантационная несовместимость 
у амеб выражается в нежизнеспособности клеток, в которых совмещены 
гетерологичные клеточные компоненты, независимо от того, какова конкретно 
комбинация этих компонентов. 

Нежизнеспособность гетерокарионов при трансплантационной несовме-
стимости амеб есть основания объяснять нарушением функционирования 
амебных ядер в результате действия на них некого легального фактора, содер-
жащегося в амебах любого штамма (Махлин и Юдин 1969, 1970, Je о n and 
Lorch 1969, 1970). Ранее были высказаны соображения, согласно которым 
нежизнеспособность гибридов у амеб также может быть объяснена нарушением 

6 Для разных культур штаммов Bk и Da в настоящей работе получены разные результаты 
в отношении трансплантационной совместимости амеб этих штаммов; этот факт обсуждается 
далее. Поскольку гибриды между амебами Bkl и Dal оказались жизнеспособными — также 
как и гетерокарионы, полученные для этой комбинации штаммов Юдиным (1975) — нет 
оснований говорить, что для рассматриваемой комбинации штаммов жизнеспособность 
гибридов и гетерокарионов различна. 

7 Упомянутые взаимоотношения штамма G со штаммами P H D (Jeon and Lorch 1969, 
Lorch and Jeon 1969) не являются, как очевидно, исключением из этого правила. Поскольку 
для той и другой пары штаммов (G и Р, G и D) все гибриды одного типа были нежиэнесрособ-
ны, а среди гибридов реципрокных типов выжили только 30%, гибриды между штаммами в 
целом следует считать нежизнеспособными. 
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функционирования имплантированного ядра в результате действия на него 
летального фактора, содержащегося в цитоплазме амебы-реципиента (Махлин 
и Юдин 1970, Махлин 1977). 

О стабильности трансплантационных взаимоотношений штаммов 
амеб 

До сих пор исследователи, получая данные о трансплантационных отноше-
ниях амеб, взятых из культур разных штаммов, рассматривали эти результаты 
как характеристику взаимоотношений штаммов в целом. Полученные в насто-
ящей работе данные показывают, что такая позиция не всегда правомочна. 

Мы столкнулись с тремя случаями изменения трансплантационных взаимо-
отношений амеб разных штаммов. Во-первых, различными оказались транс-
плантационные отношения амеб разных культур штаммов Bk и Da. Во-вторых, 
трансплантационные отношения амеб штамма А с амебами штаммов Bk и Da 
оказались иными, чем в работе Юдина (1975). В каждой рассматриваемой 
комбинации штаммов изменились свойства амеб по крайней мере одного 
штамма. Что касается штаммов Bk и Da, мы не можем сказать, амебы какого 
именно штамма изменились8. В случае взаимоотношений амеб А с амебами 
Bkl и Dal можно предполагать, что изменились амебы А, поскольку взаимо-
отношения амеб Bkl и Dal оказались такими же, как и взаимоотношения 
амеб этих штаммов по данным Юдина (1975). 

Ранее уже было описано несколько случаев спонтанного изменения призна-
ков амебных культур в ходе их длительного поддержания—признаков, которые 
до изменения длительное время были стабильными (Je on and Dan i el li 1971, 
Jeon andLorch 1973, Gor iunova and Kal in ina 1978). Для понимания природы 
происхождящих в таких случаях наследственных изменений амеб весьма важно 
знать, возникли ли изменения во многих клетках или первоначально измени-
лась только одна клетка, так что измененная культура является клоном, возни-
кшим из измененной клетки. В отношении случаев изменения устойчивости 
амеб к действию некоторых веществ (Gor iunova and K a l i n i n a 1978) авторы 
считают, что изменения произошли во многих клетках культуры, в связи 
с чем они предполагают, что эти изменения имеют эпигенетическую природу. 
Накопленные к настоящему времени данные о характере различий амеб разных 
штаммов позволяют предполагать, что эти различия во многих случаях1 де-
терминированы на эпигенетическом уровне (Yu din and S op ina 1970). Подобная 
возможность должна приниматься во внимание и в отношении описанных 

8 Культуры Bkl и Dal по независящим от экспериментатора причинам погибли до того, 
как были использованы культуры Вк2 и Da2. Поэтому мы не имели возможности выяснить, 
каковы трансплантационные отношения амеб разных культур одного штамма. . . , . 
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в настоящей работе изменений свойств амеб, проявляющихся в изменении 
их трансплантационных отношений с амебами другого штамма. 

Многие штаммы амеб в настоящее время существуют в виде многих куль-
тур, содержащихся в разных лабораториях. Таковы, например, штаммы Т1Р, 
Вк, Эа, С. При определении трансплантационных отношений амеб из культур 
таких широко распространенных штаммов полученные результаты, как очеви-
дно, не следует распространять на штаммы в целом. Это соображение оче-
видно справедливо и в отношении других возможных стойких различий 
между культурами амеб разных штаммов. 

О закономерностях трансплантационных отношений в группе 
штаммов (культур) амеб 

Юдин (1975), использовав 7 штаммов A. proteus, определил транспланта-
ционные взаимоотношения для каждой из 21 возможной попарной комбинации 
разных штаммов. В одних комбинациях штаммы были совместимы, в других — 
несовместимы. При этом отношения между штамами во всей их группе харак-
теризовались следующими закономерностями: (1) если данный штамм был не-
совместим с каким-либо другим, он был несовместим и со всеми штаммами, 
совместимыми с последним; (2) если каждый из двух штаммов был совместим 
с третьим, то они были совместимы друг с другом. Полученный Юдиным 
результат можно сформулировать еще следующим образом: не было найдено 
ни одной такой комбинации из трех разных штаммов (всего в обсуждаемой 
работе можно было составить 35 таких комбинаций), чтобы первый штамм 
был совместим со вторым и третьим, а второй и третий были несовместимы. 

В настоящей работе были использованы 9 разных культур амеб. Амебы 
Вк2 и Da2 использованы только в одной комбинации. Трансплантационные 
отношения амеб Вк2 и Da2-c амебами других культур остались неизвестными. 
Трансплантационные отношения остальных 7 культур были определены в ряде 
попарных комбинаций. Помимо 9 комбинаций, рассмотренных в разделе 
,,Результаты", как уже указано, были получены гибриды для комбинаций 
культур A-C, Bkl-C и Bkl-L. Во всех этих случаях амебы оказались несовме-
стимыми. Было получено также по 24-25 гибридов того и другого реципрокных 
типов для еще двух комбинаций культур: А-Р и Bkl-P; все эти гибриды также 
оказались нежизнеспособными. Таким образом, при использовании 7 культур 
были определены трансплантационные отношения всего для 14 пар разных 
культур. Полученные данные позволяют рассмотреть взаимоотношения амеб 
в 12 комбинациях из трех культур, для которых известны взаимоотношения 
для каждой из трех возможных пар культур. Как оказывается, эти взаимоотно-
шения ни в одном случае не противоречат сформулированным выше правилам. 
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Использованные нами культуры В, С, L образуют одну группу совме-
стимых культур. Вторая такая группа включает амеб A, Bkl и Dal. В 4 испытан-
ных (из 9 возможных) попарных комбинациях культур первой и второй 
групп амебы оказались несовместимыми. Амебы Р во всех испытанных ком-
бинациях с амебами других культур (4 из 6 возможных) оказались несовмес-
тимыми с последними. Отличие наших результатов от результатов Юдина 
(1975) заключается в том, что амебы А оказались совместимыми с амебами 
штаммов Bk и Da. Кроме того, впервые были определены трансплантацио-
нные взаимоотношения амеб штамма Р с амебами некоторых других штаммов 
нашей коллекции. 

Учитывая полученные в настоящей работе данные о возможности измене-
ния трансплантационных взаимоотношений амеб двух штаммов, мы считаем 
возможным говорить о трансплантационных взаимоотношениях конкретных 
культур амеб, а не штаммов в целом. 

О природе наследственных различий амеб, обусловливающих 
их трансплантационную несовместимость 

На основании результатов определения трансплантационных взаимоотно-
шений амеб разных штаммов одного вида (A. proteus) и амеб разных видов 
(Махлин и Юдин 1969, Махлин 1971, Юдин 1975) ранее было высказано 
предположение о том, что трансплантационная несовместимость у амеб есть 
следствие некого суммарного генотипического различия (Махлин и Юдин 
1971, Юдин 1975). Некоторые полученные к настоящему времени данные, 
касающиеся трансплантационной несовместимости амеб, побуждают рассмо-
треть и другие возможности. 

Сюда относятся, во-первых, данные о возможности изменения транспланта-
ционных взаимоотношениях амеб двух штаммов в ходе их длительного куль-
тивирования, о чем свидетельствуют результаты настоящей работы. Во-вторых, 
в ряде случаев было установлено, что амебы, являющиеся потомками редких 
выживших гетеротрансплантантов, полученных при трансплантации ядер 
между амебами несовместимых штаммов, характеризуются иными транспла-
нтационными отношениями с амебами „родительских" штаммов, чем сле-
довало бы ожидать, если бы свойства ядер и цитоплазмы у потомков гетеро-
трансплантанта не изменились (Dan i ell i 1958, Hawkins and Cole 1965, Jeon 
and Lorch 1969, Lorch and Jeon 1969, Jeon and Danielli 1971, Cha t t e r j ee 
and Rao 1974). Эти факты противоречат представлению о том, что трансплан-
тационная несовместимость у амеб всегда обусловлена различиями по многим 
генетическим факторам. Как одну из возможностей следует иметь в виду 
возможность того, что в некоторых случаях трансплантационная несовме-
стимость амеб обусловлена различием устойчивых состояний генетического 
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аппарата клетки, т.е. обусловлена эпигенетическими различиями клеток. Такая 
точка зрения не исключает, однако, представления, согласно которому на 
определенном этапе генотипической дивергенции штаммов амеб возникшая 
трансплантационная несовместимость становится необратимой. 

РЕЗЮМЕ 

Путем трансплантации ядер получали ядерно-цитоплазматических „гибридов" между 
амебами Amoeba proteus, взятыми из культур разных штаммов, и определяли их жизнеспо-
собность. Выясняли, различаются ли разные комбинации штаммов (культур) в отношении 
частоты жизнеспособности „гибридов", обусловленной трансплантационной несовмести-
мостью амеб. Если бы это было так, то частота нежизнеспособности „гибридов" могла 
бы служить показателем степени трансплантационной несовместимости амеб разных культур. 
Использованы 7 штаммов A. proteus: А, В, Bk, С, Da, L и л Р (последний штамм в дальнейшем 
обозначается как Р). В случае штаммов Bk и Da использованы по две культуры каждого штам-
ма, обозначенных соответственно как Bkl и Bk2, Dal и Da2. Была определена жизнеспособ-
ность амеб каждой из 9 культур, ренуклеированных ядрами клеток той же культуры (внутри-
культуральные ренуклеаты). Для разных культур доля нежизнеспособных внутрикультураль-
ных ренуклеатов варьировала от 5 до 64%. Нежизнеспособность внутрикультуральных рену-
клеатов обусловлена как постоянным присутствием некоторого количества нежизнеспособ-
ных амеб в культурах, из которых брались клетки для операций, так и необратимым повреж-
дением некоторых клеток в результате операции. „Гибриды" были получены для 10 пар куль-
тур: A-Bkl , A - D a l , B k l - D a l , Bk2-Da2, B-C, B-L, C-L, C - D a l , C-P, Da l -P . Для каждой пары 
культур получали „гибридов" обоих реципрокных типов. Число полученных „гибридов" 
одного типа варьировало от 68 до 117. Доля нежизнеспособных „гибридов" разного типа 
варьировала от 7 до 100%. Все „гибриды" между амебами Da и Р оказались нежизнеспособ-
ными. Для трех комбинаций культур — С и Dal , С и Р, Вк2 и Da2 — было получено по одно-
му жизнеспособному „гибриду". При использованном количестве „гибридов" каждого типа 
(около 100) различие между результатом, когда жизнеспособным оказался только один 
„гибрид", и результатом, когда ни один „гибрид" не оказался жизнеспособным, не является 
статистически значимым. Таким образом, во всех четырех рассматриваемых комбинациях 
культур амебы оказались полностью несовместимыми; следует при этом считать, что при 
полной несовместимости амеб возможно редкое (с частотой около 1%) выживание „гибридов". 
Для „гибридов" остальных 12 типов („гибриды" между амебами А и Bkl, А и D a l , Bkl 
и Da l , В и С, В и L, С и L) доля нежизнеспособных варьировала от 7 до 62%. При этом доля 
нежизнеспособных „гибридов" любого типа не отличалась статистически значимо от доли 
нежизнеспособных внутрикультуральных ренуклеатов для той из двух „родительских" куль-
тур, для которой она была выше. Следовательно, в каждой из шести рассматриваемых ком-
бинаций культур амебы оказались полностью совместимыми. Таким образом, в использо-
ванных комбинациях культур амебы были либо полностью совместимыми, либо полностью 
несовместимыми; не обнаружено комбинаций культур, характеризующихся частичной не-
совместимостью. Трансплантационные отношения амеб разных культур одной и той же пары 
штаммов — Bk и Da — оказались различными: амебы Bkl и Dal оказались совместимыми, 
амебы Вк2 и Da2 — несовместимыми. Трансплантационные отношения использованных 
в работе культур штаммов A, Bk и Da оказались иными, чем отношения культур тех же шта-
ммов, ранее использованных Ю д и н ы м (1975): по нашим данным, амебы А и Bkl, А и Dal 

7 — Acta Protozoologica 20/1 
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совместимы; по данным Юдина, в каждой из этих двух комбинациях штаммов амебы не-
совместимы. Таким образом, трансплантационные отношения амеб двух штаммов в ходе 
их длительного культивирования могут измениться. Высказывается предположение, что 
трансплантационная несовместимость амеб может быть обусловлена какими-то эпигене-
тическими различиями. Полученные в работе данные о жизнеспособности ядерно-цитопла-
зматических,,гибридов" амеб сопоставляются с литературными данными о жизнеспособности 
гетерокарионов, полученных для тех же комбинаций штаммов. Сравнение показывает, что 
для данной комбинации штаммов жизнеспособность гетеротрансплантантов обоих типов 
одинакова. 

SUMMARY 

Nucleocytoplasmic hybrids between amoebae taken from the cultures of 
different strains were obtained by means of nuclear transplantation. The purpose' 
was to elucidate whether the different pairs of cultures may be differentLaited 
by a percent of nonviable hybrids. In this instance the portion of nonviable 
hybrids could be regardered as an indicator of the degree of transplantation 
incompatibility of amoebae. Seven amoebae strains were used in this investiga-
tion: A, B, Bk, C, Da, L and TIP (the latter strain will be henceforth designated 
as P). In the case of Bk and Da strains two cultures of each strain were used. 
These cultures wi l l be henceforth designated as Bkl and Bk2, Dal and Da2. 
The viability of amoebae in each of 9 cultures renucleated with the nuclei of 
the same culture (intracultural transfers) were determined. For different cul-
tures the percent of nonviable intracultural transfers was found to vary from 
5 to 64. The percent is due to the constant presence of nonviable amebae in the 
cultures and to irreversible damage of some amoebae as a result of operation. 
Hybrids were obtained for 10 pairs of the cultures: A - B k l , A - D a l , B k l - D a l , 
Bk2-Da2, B-C, B-L, C-L, C - D a l , C-P, Da l -P . Both reciprocal types of hybrids 
were obtained for each pair. The number of obtained hybrids of one type varied 
from 68 to 117. The portion of nonviable hybrids of one type varied from 7% 
to 100%. All the hybrids between amoebae Dal and P proved nonviable. Only 
one viable hybrid was obtained for each pair of t h e cultures C and Dal , C and 
P, Bk2 and Da2. With the number of obtained hybrids (about 100 hybrids of 
each type) the case when only one cell is viable and the case w h e n all cells 
are nonviable do not differ statistically. Thus amoebae of all the 4 culture pairs 
were found to be ful ly incompatible. It must be acknowledged that hybrids 
between quite incompatible amoebae may rarely survive — with the frequency 
of about 1%, according to our evidences. The proportion of nonviable hybrids of 
the remaining 12 types (the hybrids between amoebae A and Bkl , A and Dal , 
Bkl and Dal , B and C, B and L, C and L) varied from 7<Vo to 62%>. The percent 
of nonviable hybrids of any type did not exceed significantly that of intracultural 
transfers in one of the two parental cultures, for which this portion was higher. 
Consequently amoebae of each of 6 pairs of cultures were completely compatible. 
Thus among the culture pairs used amoebae turned to be either quite compatible 
or quite incompatible. Not a single pair that is partially incompatible was de-
tected. Transplantation relationships between different cultures of the s a m e pair 
of strains Bk and Da proved to be different: amebae Bkl and Dal were compa-
tible, amoebae Bk2 and D a l incompatible. Transplantation relationships between 
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the used cultures of strains A, Bk and Da were different as compared to those 
between the cultures of the same strains which had been used earlier by Y u d i n 
(1975): according to our evidences amoebae A and Bkl , A and D a l are compa-
tible, according to Yudin, amoebae in each of the two pairs of strains are incom-
patible. Hence possible changing of transplantation relationships of t w o cultures 
in the course of their durable l i fespan is established. It is suggested that trans-
plantation incompatibility of amoebae may be determined by some epigenomic 
differences. The obtained results concerning the viability of nucleocytoplasmic 
hybrids are compared to the evidences about the viability of heterokaryons ob-
tained earlier for the same pairs of strains. The comparison shows that for 
a g iven pair .of strains the viability of heterotransfers of two types is the 
same. 
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from Szczecin Gulf 

Received 23 Ju ly 1980 

Synopsis. The morphological variabi l i ty and its sources has been 
studied in a ciliate Trichodina nigra Lom (Peri tr ichida ) , parasit iz ing 
perch-pike, Lucioperca lucioperca (L.) in Szczecin Gulf. Smal l d i f fer -
ences noted in the body dimensions of trichodinas col lected in cooler 
and warmer seasons of the year appeared to be stat ist ical ly not 
significant. While the variation among populations, a l though not so 
much pronounced, was statist ically s ignif icant. The present paper is 
the first one concerning interpopulational variat ion in tr ichodinas 
occurring on f ish. 

The studies on morphological variability in ciliates, carried f rom 
several years, have called our attention to interpopulational variation 
in these organisms (K a z u b s k i 1979, 1980). In this aspect, however, 
only the trichodinas parasitizing the ur inary bladder of amphibians have 
been hitherto recognized. Thus, it seems to be interesting to recognize 
the range and sources of variation in this group of parasites occurring 
in other hosts and habitats, i.e., on the body surface and gills. The 
present paper is the first one dealing with interpopulational variabili ty 
of trichodinas occurring on fish. 

M a t e r i a l a n d M e t h o d s 

The material used in the present paper has been col lected by the junior 
author from perch-pake, Lucioperca lucioperca (L.) from Szczec in Gulf (Zatoka 
Szczecińska) during Apr i l -Ju ly 1977-. More precise data concerning the methods 
of collecting tr ichodinas as we l l as the data on other protozoans found on these 
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fishes are included in the paper by P i l e c k a - R a p a c z (1981). In the present 
paper only 7 most numerous subpopulations of Trichodina nigra Lorn have been 
used. Measurements of the body and of the adhesive disc w e r e made on silver 
impregnated preparations after Klein. The trichodinas were collected from gills, 
only in the case of a subpopulation No. 8 the material originated both from 
gills and skin of a fish (both groups of ciliates were joined together as no 
statistically significant differences had been found between them). 

From each subpopulation a number of ciliates, from several to some scores 
of individuals, were measured according to the principles adopted in former 
papers (K a z u b s k i 1979, 1980). The fol lowing features were measured: (1) body 
diameter, (2) diameter of the adhesive disc with border membrane, (3) diameter 
of the adhesive disc without border membrane, (4) diameter of the denticulate 
ring, (5) number of denticles, and (6) length of denticles. Moreover, for each 
subpopulation mean length of an arch of the denticulate ring corresponding to 
one denticle was counted according to the formula: 

S 
denticulate ring diameter X N. 
mean number of denticles 

The variation was studied with the aid of statistical methods, mainly the analysis 
of variance was made using two level nested ANOVA with unequal sample sizes 
( S o k a l and R o h l f 1969, Box 10.4). This analysis was made for three features: 
(1) diameter of the adhesive disc without border membrane, (2) denticulate ring 
diameter, and (3) the number of denticles. Choice of these characters, regarded 
as representative for trichodinas, was argued by K a z u b s k i (1979). 

The variation between particular subpopulations was analysed as well as 
the variation between trichodinas collected in cooler (April-May) and warmer 
(June-July) seasons of the year. 

R e s u l t s a n d D i s c u s s i o n 

The metric and meristic values of particular features in seven 
examined subpopulations of Trichodina nigra are given in Table 1. In 
this Table mean values of trichodinas collected in cooler (April-May) 
and warmer (June-July) seasons of the year are given as well as mean 
values for the total material. These values, especially the summarized 
ones, do not differ essentially from the data given by various authors 
for Trichodina nigra (L o m 1961, B y k h o v s k y 1962, K a z u b s k i 
and M i g a ł a 1968, K u l e m i n a 1968). Slight differences between 
these data may be regarded as a result of occurrence of these tricho-
dinas on different host species or due to geographical factors. 

The material given in Table 1 has been collected f rom a propor-
tionally small area of Szczecin Gulf and from only one host species, 
L, lucioperca. Thus, the host dependent variability and the geographical 
variability could not be taken into account. 

In his material, however, some differences in mean values of tricho-
dinas collected in April-May may be observed when compared with 
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Table 2 

Two-level nested ANOVA table for three examined characters of Trichodina 
nigra from Lucioperca lucioperca 

Source of variation 
Degree of 
freedom 

F 0 — value Critical value 

Source of variation 
Degree of 
freedom 

diameter 
of adhesive 

disc 

diameter 
of denticu-

late ring 

number of 
denticles Fo.os Fo.oi 

Among groups from 
various seasons 

2 - 1 = 1 3.467 ns 4.672 ns 0.232 ns 6.608 -

Among particular sub-
populations 7 - 2 = 5 3.147 s 3.712 s 2.294 s 2.290 3.173 

Within subpopulations n a—7 

a diameter of adhesive disc n = 153, diameter of denticulate ring n =179, and number of 
denticles n = 179. 

those collected in June-Ju ly . Dimensions of the body, of the adhesive 
disc and of the denticulate ring in trichodinas collected during warmer 
months are slightly smaller. Only the mean number of denticles is 
almost the same in both groups of protozoans. However, the analysis of 
variance made for these three features (Table 2) has shown that the 
observed differences are statistically not significant at the 5% level of 
error. Nevertheless, it is worth of mention that the direction of chan-
ges — diminution of body dimensions in warmer months of the year, is 
the same as it has been observed in other species of protozoans (K a-
z u b s k i 1975). Small differences observed in the present material are 
probably connected with proportionally small changes of water tempe-
ratures in such great reservoir as Szczecin Gulf. Additionally, the tem-
perature preference of fish host (optimum temperature) ought to be also 
taken into account contributing to more stable thermic conditions of 
parasite habitat and, indirectly, to the morphology of parasites. 

On the other hand the differences among subpopulations (Table 1) 
are statistically significant (Table 2) at the level of error slightly lower 
than 1% for the diameter of denticulate ring, slightly above 1% for 
the diameter of the adhesive disc and equal to 5°/o for the number of 
denticles. In general, it may be stated that the variation among subpo-
pulations of T. nigra occurring on L. lucioperca is fairly small although 
statistically significant. In this respect this species of trichodina clearly 
differs from T. vesicularum and T. ranae parasitizing the ur inary bladder 
of newts and frogs (K a z u b s k i 1979, 1980). The last two species 
show high interpopulation variation — the value of F0 oversteps some 
times the critical value at l°/o level of error. 
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The reason for such difference between T. nigra and T. vesicularum 
and T. ranae probably lays upon the mode of life of these ciliates. 
T. nigra occurs on the surface of gills and skin of fish so subpopulations 
on part icular host individuals are "open" and the exchange of ciliates 
between hosts is not so difficult. While subpopulations of T. vesicularum 
and T. ranae, occurring in inner organ (urinary bladder) of their hosts, 
are much more isolated what accounts to their greater differentiation 
( K a z u b s k i 1979, 1980). 
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Synopsis. Stylonychia notophora, w h e n exposed to one ppm p,p'-DDT 
accumulated it rapidly. M a x i m u m concentration of total DDT residue 
w a s obtained wi th in 1 h. Accumulat ion factor varied from 97 to 295. 
Di f ferent metabol ic products of DDT obtained as a result of metabol i sm 
w e r e DDMU, p,p'-DDE and Kelthane. D D M U w a s the major metabol i te 
and its quantit ies were a l w a y s higher than the parent compound. p,p'-
D D D was not detected in this system. 

The persistent pesticide DDT1 has been recently shown to be decom-
posed extensively by microorganisms (J o h n s e n 1976, B u t l e r 1977, 
W i l l i a m s 1977). The common metabolic products of DDT particularly 
DDE and DDD are more persistent in the environments (K e n a g a 
1972) and are equally toxic to certain biological systems (L i n c e r 1975). 
These metabolites are mainly generated by microbial activity (J u e n g s t 
and A l e x a n d e r 1976). 

Protozoa, algae and bacteria form the broad base of aquatic food 
chain ( B o r r o r 1963, F e n c h e l 1967, C o o l e y et al. 1972). Ciliate 
protozoans are most numerous organisms in the environment and are 
able to concentrate certain persistent pesticides ( G r e g o r y et al. 1969). 
This may permit the movement of these chemicals through food chain 
and the effects of such toxicants could be exerted at higher trophic 
levels. However, not much information is available concerning the 
accumulation and metabolism of DDT by ciliates. In the present paper 
accumulation and metabolism of DDT in a fresh water hypotrichous 
ciliate, Stylonychia notophora is described. 

1 DDT and its metabol i tes are ident i f ied in Table 1. 
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M a t e r i a l s a n d M e t h o d s 

Specimens of Stylonychia notophora were isolated from water samples col-
lected from fresh water ponds around Delhi in 1975. Subsequently they were 
acclimatized to a medium of sterilized hay infusion inoculated with bacteria, 
Klebsiella aerogenes. The medium was fortified with Horlick's malted milk (pro-
duced in India by Hindustan Milk Food Ltd., for Horlicks limited Brenford, 
Middlesex, U. K.) periodically to aid the rapid growth of bacteria. Cultures 
were maintained in 250 ml conical f lasks in a B. O. D. Incubator at 22 ± 1°C. Old 
cultures were subcultured once i n a week. 

Stock solution of 1000 ppm p,p'-DDT was prepared in acetone. The purity 
of DDT was more than 99% as determined by gas liquid chromatography (GLC). 
Appropriate quantity of solution was added to have a desired concen t r a t ion of 
DDT in the culture medium. 

Ciliates from log phase cultures were transferred to Chalkley's medium. This 
medium contains (w/v) 0.01°/o sodium chloride, 0.004% potassium chloride and 
0.0006% calcium chloride ( R a n d a l l and J a c k s o n 1958). Organisms were 
kept in Chalkley's medium for 24 h before treatment. One ppm concentration 
of DDT was used to study the accumulation and metabolism of DDT. This con-
centration of DDT and the solvent <0.1% acetone) had ,no effect on the growth 
of Stylonychia notophora (R u p L a i and S a x e n a 1979). 

In order to s tudy the uptake and metabolism of DDT, ciliates from log phase 
cultures were centrifuged and repeatedly washed with sterilized Chalkley's me-
dium. These animals were transferred to conical f lasks containing 100 ml Chalk-
ley's medium. Animals were allowed to grow for 24 h i n this medium and then 
treated with one ppm DDT. Appropriate controls were run simultaneously. The 
treated cultures were shaken periodically to keep the cells in suspension. After 
regular intervals of time, cultures were centrifuged at 3000 rpm for 10 min. The 
supernatant consisting of medium was collected separately from the pellet. Sub-
sequently the pellet was washed with toxicant free medium thrice and the wash-
ings were added to the medium which was already collected. DDT and its 
metabolites were then extracted from the pellet and analysed by GLC according 
to the method described alsewhere (R u p L a i et al. 1978). 

DDT and its metabolites (Table 1) obtained in this way were further conf irm-
ed by using thin layer chromatography (TCL), a GLC column of different po-

Table 1 

Chemical names of DDT and its metabolites 

Common name Chemical name 

D D D 
DDE 
DDMS 

D D N U 
DDT 

DDMU 

Kelthane 

1,1'-bis (p-chlorophenyl) -2,2-dichloroethane 
l,l'-bis (p-chlorophenyl) -2,2-dichloroethylene 
1,1'-bis (p-chlorophenyl) -2-chloroethane 
1 -chloro-2,2-(p-chlorophenyl) ethylene 
1,1'-bis (p-chlorophenyl) ethylene 
l,l,l-trichloro-2,2-bis (p-chlorophenyl) ethane 
1,1-bis (p-chlorophenyl) 2,2,2-trichloroethanol 
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larity, chemical derivat ion techniques, and subsequent GLC of the di f ferent me-
tabolites . All t reatments were replicated three t imes. The recovery of the stan-
dards from spiked samples from the pel le t w a s : p,p'-DDT 95°/o, p,p'-DDE 92°/», 
D D M U 96% and Kel thane 93%. The concentrat ions of D D T and its metabol i tes 
w e r e calculated on dry weight basis but not corrected for recovery. 

R e s u l t s 

Pat tern of uptake and metabolism of DDT is shown in Table 2. 
Total concentration of DDT in the organisms increased rapidly af ter the 
initiation of t reatment and maximum uptake occurred within 1 h. 
However, this peak in accumulation was accompanied by increase or 
decrease in the amount of total DDT at different t reatment periods but 
never reached the concentration obtained af ter 1 h. The concentration 
factor varied f rom 97 to 295 during the experimental period. 

Table 2 

Concentration of D D T and its metabolites in ppm at different time 
intervals by Stylonychia notophora exposed to 1 ppm of p,p'-DDT for 10 days1 

E xposure 
time in 
hours 

Kelthane D D M U p,p'-DDE p,p'-DDT Total 
DDT/AF 2 

1 32.7±4.66 164.7;£23.24 38.5±5.96 59.0±7.00 294.8 
(0.11) (0.55) (0.13) (0.20) 

6 44.9±5.18 155.5±9.10 31.7±2.60 35.6±5.12 267.5 
(0.17) (0.58) (0.12) (0.13) 

12 7.5±1.09 68.1 ±1.43 11.2±1.15 10.3 ±2 .24 97.1 
(0.07) (0.70) (0.11) (0.10) 

24 18.7±2.31 157.3± 10.73 20 .8± 1.73 24.9±3.84 221.6 
(0.08) (0.70) (0.09) (0.11) 

48 19.6±0.58 67.8±9.07 25.0±1.57 20 .8± 1.61 133.3 
(0.14) (0.50) (0.19) (0.15) 

72 19,6±0.58 97.0± 10.76 28.8±0.40 47.6±6.22 192.9 
(0.10) (0.50) (0.14) (0.25) 

96 25 .4± 1.46 149.7±5.78 31.9 ±1 .18 44.6±1.57 251.5 
(0.10) (0.59) (0.12) (0.17) 

144 18.8±0.59 95.7± 10.66 24.0±1.00 65.7±6.43 204.3 
(0.08) (0.47) (0.11) (0.32) 

192 30.5±1.58 105.1 ± 1.73 30.8±0.74 43.2±0.44 209.6 
(0,14) (0.50) (0.14) (0.20) 

240 33.6±3.03 130.3±18.4 26.1 ± 0 . 2 2 71.7±6.17 261.6 
(0.12) (0.49) (0.09) (0.27) 

1 Values in parentheses represent quotient for each component. 
1 AF = Accumulation factor. 
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Studies relating to the metabolism of DDT revealed that this ciliate 
rapidly metabolized DDT into three metabolites viz., DDMU, p,p'-DDE 
and Kelthane. DDMU was found to be the major metabolite and the 
quotient (DDMU/total DDT) was as high as 0.70 and varied from 0.47 
to 0.70. Maximum amount of DDMU (164.7 ppm) was obtained af ter 
1 h of treatment. Kelthane and p,p'-DDE accounted for more or less 
similar concentrations. The maximum amount of Kelthane was observed 
during first 6 h. The quotient (Kelthane/total DDT) varied from 0.07 
to 0.17 during the period of experiment. Maximum amount of ;p,p'-DDE 
was found af ter 1 h of t reatment and a rapid decline in the amount 
was observed thereafter . The ratio of p,p'-DDE to DDT was maximum 
(0.19) in 48 b samples and minimum (0.09) on the 10th day of treatment. 

D i s c u s s i o n 

Rapid accumulation of DDT and other related persistent pesticides 
has been reported in some microorganisms such as Aerobacter aerogenes 
and Bascillus subtilis ( J o h n s o n and K e n n e d y 1973), Chlorella sp. 
( S o d e r g r e n 1968), Tetraselmis chuii and Ankistrodesmus amalloides 
( R i c e and S i k k a 1973, N e n d o r f and K h a n 1975) and Crethidia 
fasciculata ( F r e n c h 1976). A number of factors have been proposed 
to account for such a rapid accumulation in microorganisms. Some of 
these are water insolubility of DDT, its lipophilic nature and its pro-
perties to get absorbed quickly (K e i 1 and P r i e s t e r 1969, C o x 
1970). In microorganisms such as algae, rapid accumulation of DDT 
has also been attr ibuted to the phase partitioning of DDT between the 
medium and the lipid portion of the cells ( C o x 1972). 

The biological magnification of DDT in Stylonychia notophora ranged 
from 97-295 and is comparable with those reported for Euglena gracilis 
as 99 and Paramecium bursaria as 264 ( G r e g o r y et al. 1969 ). How-
ever, Paramecium micromultinucleatum biomagnified DDT by 969 
times ( G r e g o r y et al. 1969). 

The products most widely reported to result f rom DDT metabolism 
by microorganisms are DDD, DDE, DDMU, DDMS, DDNU and Kelthane 
( J o h n s e n 1976, W i l l i a m s 1977). Stylonychia notophora converted 
DDT to DDMU, Kelthane and DDE. DDMU a metabolic product of 
DDT is mainly generated by bacteria ( J o h n s o n 1976, W i l l i a m s 
1977). Since DDMU was the major metabolite in Stylonychia, the 
possibilities that ciliates also play a role in the conversion of DDT 
to DDMU in nature cannot be ruled out. DDD which is an inter-
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mediate product of DDT metabolism during the formation of DDMU 
was not detected in this organism. This probably indicates divergent 
metabolic pa thway for DDT metabolism or DDD in converted so quickly 
to DDMU that it is not being detected. The latter possibility seems to 
be more tenable because in another ciliate protozoan, Tetrahymena py-
riformis, DDD when added separately was metabolized to DDMU (R u p 
L a i et al. 1978). Fur ther enzymatic conversion of DDT to different 
products has been reported in many microorganisms ( F r e n c h and 
H o o p i n g a r n e r 1970, J o h n s e n 1976) and a separate enzyme in 
each step ra ther than a single system has been suggested (W e d e -
m e y e r 1967 a, b).If it is assumed that the conversion of DDT to 
DDMU is a two step reaction involving different enzymes, the second 
enzyme would appear to be more efficient and perhaps with a much 
lower KM value, whereby any DDD formed is quickly changed to 
DDMU. Thus DDD is not detected in the system. 
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% 

Description de trois thécamoebiens (Protozoa: Rhizopodea) 
nouveaux des eaux souterraines littorales des mers 

Three New Thecamoeba (Protozoa, Rhizopodea) f rom Psammon 
of Marine Littoral Zone 

Received on Ju ly 1980 

Synopsis. Three n e w taxons of tes tate amoebae are described: Cam-

pascus interstitialis sp. n., Centropyxiella patystoma sp. n. et Crypto-
difflugia paludosa s,p. n. The three spec ies inhabit t h e underground 
supral i t toral waters of the seas and are considered at psammobionts . 

Campascus interstitialis sp. n. Fig. 1, a-d , Pl. I, 1-4 

D e s c r i p t i o n : La thèque est allongée, plagiostome, en forme 
de bouteille à goulot recourbé, incolore et t ransparente. La base de la 
thèque est arrondie, rarement ogivale. La section transversale est circu-
laire. Le pseudostome s'ouvre sur un col très court. Il est muni d 'une 
collerette chitineuse très délicate. Le pseudostome est rond, rarement 
largement oval. 

La thèque est chitinoide et formée d 'une membrane sur laquelle 
sont incorporés des idiosomes et rarement de xénosomes plats, serrés 
les uns contre les autres. Parfois ils donnent l'aspect d 'une réticulation 
fine de la thèque, semblable à celle d 'une Cyphoderia. 

Le corps cytoplasmique est clair et hyalin, avec un seul noyau. Les 
filopodes de nombre 2-3 sont longues et t rès fins. 

Les dimensions observées: longueur de la thèque: 32-45 |im, largeur 
(diamètre) de la thèque: 15-23.5 ^m. Pseudostome: 8-11 ^im, collerette: 
9-15 urn. 

D i s c u s s i o n : Jusqu'à présent cinq espèces de genre Campascus 
sont connues de biotopes dulçaquicoles et muscicoles. Parmi elles la 
plus proche de la nouvelle espèce est C. minutus Penard. C. intersti-
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Fig. 1. Campascus interstitialis sp. n. a et c — profil, 
b et d — vue ventrale (a et b — exemplaires de la 

Mer Noire; c et d — exemplaires de l'Atlantique) 

« 

tialis sp. n. diffère de C. minutus Penard par 
ses dimensions plus petites, par sa section 
transversale tr iangulaire et surtout par son 
écologie. Rappelons que C. minutus Penard 
habite les lacs intercontinentaux et sa longu-
eur varie de 50 à 60 [im ( P e n a r d 1902, 
1908, C h a r d e z 1965). 

E c o l o g i e : C. inter stitialis sp. n. habite 
les eaux souterraines des plages sableuses de 
la Mer Noire, Mer Baltique et l 'Atlantique. 
C'est une espèce euryhaline observée chez une 

salinité de l'eau variant de 3.4%o (Mer Baltique, Dziwnów, 29.VII.1969) 
à 22.85%o. (Atlantique, Santa Maria del Mar, 2.XII.1967). Il semble 
que c'est un psammobionte stricte de supralittoral sableux des mers. 

Centropyxiella platystoma sp. n. Fig. 2 a-c, Pl. II, 1 

D e s c r i p t i o n : La thèque est allongée, plagiostome, comprimée 
dorso-ventralement et arrondie en arrière. Elle est incolore et semitrans-
parente. De vue ventrale le pseudostome est rond ou légèrement oval et 
disposé au centre d 'un élargissement de la thèque. De vue latérale cet 

iffi 
Fig. 2. Centropyxiella platystoma sp. n. 

a — vue ventrale, b — profil, c — vue dorsale 
% 

élargissement à l'aspect d 'une large visière, recouvrant le pseudostome. 
Les bords latéraux de cette visière commencent de la première tierce 
de la thèque. Chez tous les cas observés la largeur de la visière est plus 
grande que la largeur de la thèque. La partie ventrale de la thèque est 
plate, tandis que la partie dorsale est bombée. 
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La thèque est formée de xénosomes et d'idiosomes plats et poly-
morphes, collés sur une base chitinoide. Parfois dans la région de. la 
visière et du pseudostome on observe des xénosomes plus gros comme 
chez les autres espèces du genre Centropyxiella ( V a l k a n o v 1970, 
G o l e m a n s k y 1971). 

Les dimensions de la thèque varient en diapazon large, mais ne dé-
passent pas 65 fim de longueur. Longueur de la thèque: 45-64 (im, 
largeur de la thèque: 22-31 }im, épaisseur de la thèque: 14-19 |im, 
pseudostome: 13-18 jim, largeur de la visière: 28-38 [im. 

D i s c u s s i o n : Elles sont connues jusqu'à présent six espèces du 
genre Centropyxiella, habitant exclusivement les eaux souterraines litto-
rales des mers. Chez toutes ces espèces le pseudostome est disposé au 
centre d 'un élargissement de la thèque, qui en vue ventrale a l'aspect 
d 'un disque entourant l 'ouverture buccale. C. platystoma sp. n. diffère 
de tous les espèces connues du genre par la présence d'une large visière, 
dont les bords commencent de la partie ventrale de la thèque à côté 
du pseudostome. 

E c o l o g i e : C. platystoma sp. n. est trouvée jusqu'à maintenant dans 
trois stations de plages bulgares de la Mer Noire (Potamjata, Arkoutino 
et Nessebar) et dans une station sur les côtes polonaises de la Mer 
Baltique (Świnoujście). Le sable dans les stations citées est assez f in 
et homogène (Mo = 0.31-0.8 mm). La salinité des eaux varie de 0.69%o 
à 2.05%o. En comparaison des autres espèces du genre qui sont eury-
halines et survivent une salinité jusqu'à 37%o C. platystoma sp. n. 
préfère une salinité de l'eau souterraine beaucoup plus base. La présen-
ce de la visière caractéristique à côté et devant le pseudostome nous 
donne la raison de considérer la nouvelle espèce comme un psammo-
bionte stricte de la taxocénose thécamoebienne du suprali t toral sableu 
des mers. 

D e s c r i p t i o n : La thèque est allongée-ovoide, légèrement re t ré-
cie dans la région du pseudostome et arrondie en arrière. Elle est sou-
vent colorée en jaune-pâle. La section transversale est ovale. Le pseudo-
stome est largement oval, presque rond. 

Cryptodifflugia paludosa sp. n. Fig. 3 a-c, Pl. II, 2 

20 U m 

Fig. 3. Cryptodifflugia paludosa .sp. n. a — vue latérale, 
b — profil, c — vue apicale 
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La thèque est chitinoïde et transparente. Souvent on observe des 
plaquettes chitinoïdes polymorphes collées sur la base ou xénosomes 
silicieux arrangés surtout dans la région du pseudostome. 

Les dimensions observées: longueur de la thèque: 32-45 um, largeur 
de la thèque: 20-32 jim, épaisseur de la thèque: 14-18 (.im, ouverture du 
pseudostome: 10-15 X 8-13 |am. 

D i s c u s s i o n : C. paludosa sp. n. est la troisième espèce du genre 
Cryptodifflugia trouvée dans les eaux souterraines littorales des plages 
sableuses des mers. Elle diffère de C. lanceolata Gol. par ses dimen-
sions supérieures de la thèque et la base arrondie. Rappelons que 
C. lanceolata Gol. ne dépasse jamais 25-30 ^m de longueur et sa base est 
ogivale ou lanceolée. La nouvelle espèce différé de C. brevicolla Gol. 
par ses dimensions presque deux fois plus grandes et surtout par la 
manque de la collerette caractéristique dans la région du pseudostome. 
C. paludosa sp. n. diffère et des autres espèces du genre, connues de 
biotopes dulçaquicoles et terricoles, par ses dimensions supérieures, par 
sa forme caractéristique, la structure de la theque et par sa écologie 
différente. „ 

E c o l o g i e : C. paludosa sp. n. est trouvée dans cinq stations sur les 
côtes bulgares de la Mer Noire (Achtopol, Mitchurin, Arkoutino, Po-
morie et Nessebar), dont les sables sont de dimensions moyennes et 
relativement homogènes (Mo = 0.31-1.0 mm). La salinité de l 'eau sou-
terraines varie de 0.69%o à 16.26%o. La profondeur maximale dans le 
sable chez laquelle a été trouvée la nouvelle espèce est 120 cm. Il semble 
que C. paludosa sp. n. est aussi un psammobionte stricte de suprali t-
toral marin. 
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EXPLICATIONS DE PLANCHES I-II 

Planche I 

1, 2: Campascus interstitialis sp. n., vue latérale (1 — X 2000, 2 — X 2500) 
3: Id., vue du pseudostome (X 2000) 
4: Id., grossissement de la collerette (X 5000) 

Planche II 
1: Centropyxiella platystoma sp. n. (X 2000) 
2: Cryptodifflugia paludosa sp. n. (X 1000) 
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Cephaline Gregarine Actinocephalus ellipsoidus sp. n. Parasite 
of an Odonate Ischnura delicata Hagen from India 

Received on 9 Ju ly 1980 

Synopsis. A n e w species of cephal ine gregarine (Pro tozoa: Sporozoa) 
Actinocephalus ellipsoidus sp. n. is described from the midgut of an 
odonate Ischnura delicata Hagen. The gregar ine has the ratios of LP : 
: TL = 1 : 7.6 and WP : WD = 1 : l .a . It is compared w i t h t h e o ther t w o 
species of this genus described from odonate insects to es tabl i sh its 
dist inctiveness. 

S t e i n (1848) created the genus Actinocephalus to accommodate 
a cephaline gregarine Actinocephalus lucani f rom Lucanus sp. F r a n-
t z i u s (1848) t ransferred Gregarina conica Dufour, 1837 to the new 
genus Actinocephalus Stein and named it A. conicus (Dufour). W a t s o n 
(1916) observed that A. lucani Stein and A. conicus (Dufour) Frantzius 
were the same species and redescribed them as A. conicus (Dufour) 
Frantzius, 1848: D u f o u r (1837) having described the species f irst and 
Frantzius (1848) having given its proper taxonomic status. Since then 
Schneider (1875), L é g e r (1892, 1899), C r a w l e y (1903), W e l l m e r 
(1911), E l l i s (1913, a, b), T r i f f i t (1927), T h é o d o r i d è s (1955), 
T h é o d o r i d è s and J o l i v e t (1959), T u z e t and T a r r o u x (1959), 
S t e i n (1960), Rodgi and Ball (1961), Desportes (1963), T h é o d o r i -
d è s and D e s p o r t e s (1966, 1967), O r m i è r e s (1967), G e u s (1969), 
and S a r k a r and C h a k r a v a r t y (1969) described many new species 
of cephaline gregarines under the genus Actinocephalus Stein f rom 
various arthropod hosts. Of these, only two species have been recorded 
f rom odonate insects. The first, one, Actinocephalus sieboldii (Kolliker) 

1 Present address: Department of Zoology, R.B.C. College, Naihat i 743165. 
24 Parganas , West Bengal , India. 
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f rom the larvae of several species of Agrion sp., was first described as 
Gregarina sieboldii by Kolliker in 1848 and later t ransferred to this 
genus by F r a n t z i u s (1848). This revision was also accepted by 
K a m m (1922) and G e u s (1969). The second species, A. ceriagrionae 
was described by S a r k a r and C h a k r a v a r t y (1969) from Ceria-
grion coromandelianum (Fabr.). 

While examining the various arthropods for their protozoan para-
sites, a cephaline gregarine has been obtained from the midgut of the 
odonate Ischnura delicata Hagen from West Bengal, India. It is described 
hereunder as new species for several of its special features. 

M a t e r i a l s a n d M e t h o d s 

The insects were brought alive to the laboratory and their alimentary canals 
were examined in 0.5% saline solution under a dissecting binocular microscope. 
Smears of infected midgut contents were made on grease-free slides. The methods 
employed have been elaborated by us e lsewhere (H a 1 d a r and S a r k a r 1979). 
The figures have been drawn with the aid of camera lucida. The ratios used are 
the ratio of length of protomerite to total length (LP : TL) and the ratio of width 
cf protomerite to width of deutomerite (WP : WD). 

Observations 

Structure of the Trophozoite and Sporadin 

The earliest stage obtained from the migdut contents is a tropho-
zoite having epimerite, protomerite and deutomerite (Fig. 1 1). The 
epimerite is globular, placed on a short cylindrical neck. There is 
a stellate plate on the dorsal surface of the epimerite, bearing rudiments 
of 7-9 radiating processes. The protomerite is ovoidal, followed by 
a fusiform deutomerite which bears the nucleus. When ful ly grown, 
the trophozoites become elongated, vermiform bodies (Fig. 1 2) mea-
suring 307.7 um in length and 50.0 |im in width in the average. The 
epimerite now becomes disc-like with nine slightly backwardly directed 
pointed processes (Fig. 1 3). The epimerite is placed on a short neck. 
The conical protomerite is separated from the neck by a septum. The 
deutomerite is elongated and tapers posteriorly to a pointed end. The 
ovoidal nucleus, containing a few fine granules, is placed anteriorly in 
this segment. 

The sporadins are elongated and solitary having a conical protomerite 
and a fusiform deutomerite (Fig. 1 4). In the average the sporadins are 
736.0 um in length and 81.9 \im in width. The ovoidal nucleus in the 
deutomerite is situated immediately below the septum. The nucleus 
measures 37.5 |im X 25.8 ^m in the average. 
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7 8 
Fig. 1 1-8. Camera lueida drawings of Actinocephalus ellipsoidus sp. n. 1 — 
Trophozoite — early stage, 2 — Trophozoite — ful ly grown, 3 — Epimerite — 
enlarged, 4 — Sporadin — fully grown, 5 — Gametocyst — early stage, 6 — 
Gametocyst — mature, 7 — Spores, in the form of triangle, 8 — A .sipore, with 

f i l i form sporozoites inside 

Gametocyst and Spore 

The gametocysts are rarely seen and only one such cyst was found 
f rom the midgut of an infected odonate in association with large number 
of trophozoites and sporadins. It is milky white, ellipsoidal, covered by 
a thin cyst wall. It measures 276.0 [im X 190.0 pm in dimension. There 

http://rcin.org.pl



124 N. K. S A R K A R A N D D. P. H A L D A R 

is a gelatinous ectocyst, 85.0 |im in thickness. The cyst encloses two 
ovoidal gametocytes of equal size (Fig. 1 5). After 24 h of formation, 
the septum between the gametocytes disappears (Fig. 1 6). After the 
third day of development, the ectocyst disintegrates. The cyst bursts by 
simple rupture of the cyst wall a f te r the f i f th day. The spores are 
released mostly in clusters of three, in the form of a triangle (Fig. 1 7). 
Each spore is biconical, and measures 8.0 um X 4.5 nm bent in the 
middle with eight fi l iform sporozoites inside it (Fig. 1 8). 

The examination of numerous serial sections of the heavily infected 
midguts of the hosts has failed to locate any intracellular stage of the 
gregarine. This indicates that the early development of the gregarine 
is probably extracellular. 

Measurements in 

The summary of measurements of the different parts of the tropho-
zoites and sporadins with the mean within parenthesis is given below: 
T r o p h o z o i t e s 
TL = 67.8 — 458.3 (307.7); LNc = 4.2 — 41.7 (29.2); 
DE = 10.6— 25.0 (18.8); 
L P . = 33.3— 41.7 (36.4); WP = 33.3 (33.3); 
LD = 200.0 — 386.7 (275.0); WD = 33.3 — 50.0 (40.6). 
S p o r a d i n s 
TL = 133.6 — 916.8 (736.0); 
L P = 25.0— 133.3 (57.7); WP = 16.7 — 200.0 (64.8); 
LD = 108.6 — 783.5 (345.0); WD = 33.4 — 241.7 (81.9); 
LN = 12.5— 50.0 37.5); WN = 11.6— 50.0 (25.8); 

LP: TL = 1; 4.4—13.7 (7.6); WP: WD = 1; 0.9—2.0 (1.3). 
Details of measurements of the different parts of 25 specimens are 
given in Table 1. 

Seasonal Intensity and Site of Infection 

The insects were collected during post-rainy season of the year and 
20.0% of them were found to be infected in their midguts. 

Material 

Holotype — on slide No. Od6k-3, prepared f rom the midgut content 
of Ischnura delicata Hagen, collected at Kalyani, West Bengal, India on 
28 October, 1978 and deposited at the Department of Zoology, Univer-
sity of Kalyani. Paratype — many, on above numbered slide and on 
other slides. 
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Table 1 

Showing details of measurements (in ( joi i) of the different parts of 25 specimen 
of Actinocephalus ellipsoidus sp. n. 

Serial 
No. 

TL DE LP LD LNc LN WP WD WN LP:TL WP:WD 

1 383.4 20.8 37.5 233.4 41.7 33.3 33.3 50.0 12.5 1 10.2 1 1.5 
2 275.0 16.7 33.3 200.0 25.0 25.0 33.3 41.7 — 1 8.2 1 1.6 
3 354.2 20.8 41.7 250.0 41.7 — 33.3 33.3 — 1 8.5 1 1.0 
4 458.3 25.0 33.3 366.7 33.3 33.3 33.3 37.5 12.5 1 13.7 1 1.2 
5 67.8 10.6 12.7 40.3 4.2 12.7 16.9 25.4 11.6 1 5.3 1 1.5 
6 354.2 — 37.5 316.7 — 37.5 37.5 41.7 16.7 1 9.4 1 1.1 
7 166.6 — 33.3 133.3 — 25.0 33.3 50.0 16.7 1 5.0 1 1.5 
8 204.2 — 37.5 166.7 — 33.3 37.5 41.7 20.8 1 5.4 1 1.1 
9 208.3 — 25.0 183.3 — — 33.3 50.0 — 1 8.3 1 1.5 

10 333.4 — 37.5 295.9 — — 37.5 54.2 — 1 8.9 1 1.4 
11 416.7 - 54.2 362.5 — — 50.0 66.7 — 1 7.7 1 1.3 
12 366.7 — 33.3 333.4 — — 41.7 37.5 — 1 11.0 1 0.9 
13 316.7 - 33.3 283.4 — — 37.5 41.7 — 1 9.5 1 1.1 
14 334.0 - 41.7 292.3 — — 37.5 50.0 — 1 8.0 1 1.3 
15 283.9 - 33.4 250.5 — — 37.5 50.0 — 1 8.5 1 1.3 
16 217.1 - 33.4 183.7 — — 37.5 54.3 — 1 6.5 1 1.4 
17 133.6 - 25.0 108.6 — — 16.7 33.4 — 1 5.3 1 2.0 
18 308.9 - 41.7 267.2 — — 41.7 41.7 — 1 7.4 1 1.0 
19 326.5 - 38.1 288.4 — — 42.4 50.9 — 1 8.5 1 1.2 
20 433.4 - 83.3 350.1 — 41.6 66.7 100.0 20.0 1 5.2 1 1.5 
21 366.7 - 83.3 283.4 — 41.6 66.7 91.6 33.3 1 4.4 1 1.4 
22 600.1 - 83.3 516.8 — 41.6 75.0 83.3 33.3 1 7.2 1 1.1 
23 916.8 - 133.3 783.5 — 50.0 200.0 225.0 50.0 1 6.9 1 1.1 
24 850.1 - 133.3 716.8 — 50.0 175.0 241.7 50.0 1 6.4 1 1.4 
25 916.8 — 133.3 783.5 - 50.0 191.7 233.4 33.3 1 6.9 1 1.2 

D i s c u s s i o n 

S t e i n (1848) emphasized the following characters for the genus 
Actinocephalus: 

(1) epimerite sessile or with short neck; 
(2) eight to ten short spines or simple digitiform processes in the 

epimerite; 
(3) smooth, biconical spores. 
The gragarine from Ischnura delicat.a Hagen has almost similar fea-

tures and thus belongs to this genus. However, a comparison of the 
present gregarine with the other two species of this genus reported 
from odonate insects viz. Actinocephalus sieboldii (Kolliker) Frantzius, 
1848 and A. ceriagrionae Sarkar and Chakravarty, 1969, given in Table 2 
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Table 2 

A comparison of the two species of the genus Actinocephalus Stein, 1848, described from the 
odonate insects, with Actinocephalus ellipsoidus sp. n. 

Chara-
Parasites 

Chara-
Parasites 

cters 

Body A. sieboldii (Kolliker) A. ceriagrionae A. ellipsoidus sp. n. tro-
Sporadin solitary, obe- trophozoite elongated; phozoite elongated, ver-
se, "0.162 to 0.188" sporadin large, elongated miform; sporadin elon-
(Kolliker) in length gated, 736.0 {i.m in length 

(average) 
Epimerite Four to six sharp recur- Globular crown with six- Disc-like with nine sligh-

ved hooks, set upon a teen or more short stout tly bent processes, set 
long cylindrical neck lateral digitiform proces- upon a short neck 

ses, set upon a short cylin-
drical retractile neck 

Nucleus Spherical with one or Ellipsoidal Ovoidal with a few fine 
two large karyosomes granules 

LP : TL 1 :4-5 1 :5.5 1 :4.4-13.7 
WP : WD 1.3 :1 1 :1.3 
Gametocyst - Spherical, white; dehisces Ellipsoidal, milky white, 

by simple rupture after ectocyst thick and uni-
90-116h form; dehisces by simple 

rupture after 120 h 
Spore — Biconical; 2.84 [i.mx4.28 Biconical, bent in the mid-

jxm dle, released in the cluster 
of three forming a triangle; 
8.0[xmx4.5 (j.m 

Development i — Extracellular 
Host Several species of Agri- Ceriagrion coromandelia- Ischnura delicata Hagen 

on sp. num (Fabr.) 
References Frantzius(1848), Sarkarand Present study 

Kamm (1922), Geus Chakravarty (1969) 
(1969) 

clearly indicates its distinctiveness. 
The distinctive features of the gregarine are summarized below: 
(1) discoidaL epimerite with nine finger-like processes; 
(2) ellipsoidal gametocyst; 
(3) difference in measurements of various body parts and of spores; 

and 
(4) separate host. 
The gregarine is, therefore, considered to be a new species for which 

the name Actinocephalus ellipsoidus sp. n. is given. The specific trivial 
name is derived from the characteristic ellipsoidal shape of its gameto-
cyst. 
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C. K. S I N H A and S. S I N H A 

Isospora capistrata sp. n. from a Black-headed Sibia, 
Leioptila capistrata Vigors 

Received on 24 Ju ly 1980 

Synopsis. Isospora capistrata sp. n. (Eimer i idae ) is described f r o m the 
faeces of a b lack-headed sibia, Leioptila capistrata. Vigors col lected at 
Darjee l ing (alt itude 2100 m). Trophozoites, schizonts and garmetocytes 
are observed in the sect ions of smal l intest ine. Oocysts are 21.6 p,m 
(mean) in diameter and sporocysts measure 14.6 |xm by 9.6 (im (mean). 

This is the third instalment of the series dealing with isosporan 
parasite f rom North-Eastern Himalayan bird. In course of a survey a new 
species of Isospora is found in the faeces of a black-headed sibia, Leiop-
tila capistrata Vigors collected at Darjeeling (altitude 2100 m). Litera-
ture on avian Isospora f rom Himalayan region revealed that R a y et 
al. (1952) described for the first time five species of Isospora f rom birds 
obtained at Mukteswar altitude (2460 m). After a long interval, Sinha 
et al. (1978) recorded a species of Isospora f rom a bird caught at Dar-
jeeling. S i n h a and S i n h a (1979) again described another species 
of Isospora f rom the same locality. A brief note on the occurrence of 
Isospora,in L. capistrata was published by Sinha et al. (1979). 

M a t e r i a l s a n d M e t h o d s 

Faeces of s ix b lack-headed sibia w e r e e x a m i n e d and two w e r e found to con-
tain oocysts. Oocysts w e r e kept in 2.5% potass ium dichromate so lut ion for sporu-
lation at room temperature (12°C-15°C). Infected birds w e r e ki l led and small 
p ieces of intest ine w e r e f i x e d in Carney's f ixat ive , sect ioned and sta ined w i t h 
haematoxy l in -eos in as w e l l as i ron-haematoxy l in . Drawings w e r e made under 
camera lucida and measurements w e r e taken. 

9 — Acta Protozoologica 20/1 
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R e s u l t s 

Isospora capistrata sp. n. 

Type Host: Leioptila capistrata Vigors 
Type Locality: Darjeeling (altitude 2100 m), West Bengal, India 
Localization: Intestine. 
Sporulation Time: 36-48 h. 

T r o p h o z o i t e (Fig. 1 1) is ovoid measuring 5.6 nm by 2.8 fim. 
It has got a thin outer covering and the nucleus is subcentral. Multi-
nucleated schizont (Fig. 1 2) measures 7.9 jam by 7.6 jim and contains 
nine nuclei. 

Fig. 1. 1-7. Camera lucida drawings of Isospora capistrata sp. n. 1 — Trophozoite, 
2 — Multinucleated schizont, 3 — Mature microgamont, 4 — Fertilized macro-
gamete, 5 — Unsporulated oocyst, 6 — Sporulated oocyst with two sporocysts 
each containing four sporozoites, 7 — A mature sporocyst. (1-4 — in the section 

of small intestine, 5-7 in the faeces) 

M i c r o g a m o n t (Fig. 1 3) is spherical measuring 13 |im in dia-
meter and contains several small nuclei arranged at the periphery. It 
contains small comma shaped microgametes. A fertilized macrogamete 
(Fig. 1 4) was subspherical measuring 12 jam by 10 ixm and bears two 
nuclei. A hallow space is present around the endosome of the fertilized 
macrogamete. 

O o c y s t s (Fig. 1 5-6) are spherical, measurements twenty of them 
are 18.2 to 24.6 jxm in diameter (mean 21.6 |im). Oocyst wall is smooth 
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bilayered with an uniform thickness of 0.2 [im. The distance between the 
two walls is 0.65 urn. Unsporulated oocyst (Fig. 1 5) is coarsely granu-
lated. Sporulated oocyst (Fig. 1 6) develops two sporocysts each of 
them contains four sporozoites. An oocystic residuum a micropyle, 
a micropylar cap and a polar granule are absent. 

A mature sporocyst (Fig. 1 7) is pyriform in shape with an anterior 
knob and the posterior rounded end. It is single layered, 0.13 ^im in 
thickness and measures 11 to 16.9 ,um (mean 14.6 ^m) by 8.8 to 10.4 um 
(mean 9.6 ^im). A small stieda body and sporocystic residue, 0.3 um in 
diameter, are present. Sporozoites are club shaped measuring 7.5 to 
10.2 um (mean 9 um) by 1.8 to 2.5 fim (mean 2.2 um). 

Diagnosis of Isopora capistrata sp. n. 

Oocysts spherical, 18.2 to 24.6 îm (mean 21.6 um), oocyst wall smooth, 
bilayered, 0.2 f.im in thickness, oocystic residuum, micropyle, micropylar 
cap, polar body absent, sporocysts pyriform, single layered, 0.13 fim in 
thickness, 11 to 16.9 |xm (mean 14.6 |im) by 8.8 to 10.2 [im (mean 
9.6 (.im) stieda body, sporocystic residue present, sporozoites club shaped 
7.5 to 10.2 îm (mean 9 um) by 1.8 to 2.5 jxm (mean 2.2 jim). 

D i s c u s s i o n 

I. capistrata sp. n. resembles superficially I. corvae and I. garrulae 
Ray et al. (1952) because of bilayered oocyst and without a micropyle 
but again differs sufficiently on account of oocystic residuum which is 
absent in the present parasite. I. bengalensis M a n d a 1 and C h a k -
r a v a r t y (1964) also draws some affinity but again can be differen-
tiated due to the presence of a micropyle. Moreover, the parasite under 
report does not fit any other known species of the genus and is con-
sidered new. The species name is given af ter the specific name of the 
host bird. The holotype and paratypes will be deposited to the National 
Zoological Collection of Zoological Survey of India, Calcutta. 
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ANNOUNCEMENT 

Third International Congress of Ecology will take place in Warsaw, Poland,. 
5-11 September 1982, under the auspices of: International Association for Ecology 
(INTECOL), Ecology Section, International Union for Biological Sciences (IUBS> 
and Polish Academy of Sciences. 

A major theme of the Congress will be: "Ecology as a basis for environmen-
tal management and human welfare". The Congress will consist of six main 
plenary sessions with related concurrent sessions and also of the special sympo-
sia organized by INTECOL Working Groups: A. Processes integrating ecosystems 
and landscape. A.l. Energy f low as the factor integrating environmental units. 
A.2. Mechanisms of transport, exchange and cumulation of matter in environ-
mental units. A.3. Biocenotic and population codependences between ecosystems. 
A.4. Ecology of contact zones, ecotones and barrier zones between ecosystems. 
A.5. Problems linked with study of multiecosystemal units. A.6. Techniques of 
studying large scale ecological systems (including modelling). B. A d v a n c e m e n t s 
in the understanding of organismal interactions in ecological systems. B.l. The 
role of parasites in ecological system. B.2. Ecology and ethology — a synthet i c 
approach. B.3. Demography of plants. B.4. Predator-prey relationships. B.5. Life 
history strategies and tactics. B.6. Evolutionary ecology and genetics. C. Restora-
tion and stabilization of environmental quality. C.l. Theory and practice of 
rehabilitation methods applied to aquatic system. C.2. Ecological problems of 
the landscape reconstruction. C.3. Ecological monitoring as a programme of 
control and supervision over the qualitative state of environment and its compo-
nents. C.4. Protected environments and biosphere conservancies. C.5. Ecological 
consequences of extinction. C.6. Strategies to achieve stability in ecological s y -
stem. D. Ecological basis of intensifying biological production. D.I. The impact 
of altering the environment and technology on productivity and stability o f 
agricultural and forest systems. D.2. The consequences of control of pest species 
on production and environmental quality. D.3. The environmental consequences 
of crop-rotation, selection and landscape planning; ecological guidelines for agri -
culture and forest landscape planning. D.4. The ecological significance of tradi -
tional and alternative agriculture. D.5. The impact of agricultural activities on 
patterns of energy and matter cycling in temperate and tropical systems. D.6. The 
consequences of aquaculture on ecology of aquatic systems. E. Technological 
impact of man on environment. E.l. Transport, cycling and accumulation of 
toxicants and pollutants in environment. E.2. Impact of pollutants on various 
ecosystems; structure and function. E. 3. Bioindication of pollutants on organismic 
and ecosystem levels. E.4. Salinisation of soil and waters. E.5. Radioactive conta-
mination of environment. E.6. Patterns, processes and strategies of ecosystem 
recovery from stress. F. Utilisation of ecological expertise in resource manage-
ment and regional planning. Sessions for fol lowing INTECOL Working Groups 
are planned: G.I. Statistical ecology. G.2. Physiological ecology (on data transfer 
from laboratory to field study and vice versa). G.3. Urban ecology. G.4. Environ-
mental education. G.5. Aquatic ecology (on wetlands). G.6. Granivorous birds. 
G.7. Special symposium on "Ecology of polar regions". 

Each session will be organized by Conveners appointed by the Steering 
Committee. Oral contributions (15 min.) after selection made by Conveners, and 
posters' presentations as well as scientific f i lms will form the main possibilities. 
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for active participation. The Official Congress language is English. Registration 
fees: participants — 100 US $, „accompanying persons — 60 US $, students — 
60 US $. First Announcement containing all needed details together with Pre-
liminary Application Form will be distributed in the beginning of 1981. All 
correspondence and request for scientific information should be sent (by airmail) 
to: Congress Secretariat of III INTCOL Congress, Institute of Ecology, Dziekanów 
Leśny, 05-150 Łomianki, Poland, or by telex 817378 IE P A N PL. 

http://rcin.org.pl



I n p r e p a r a t i o n : 
J. K a c z a n o w s k a and T. G a r l i ń s k a : Endocytosis and Exocytosis of Doub-
lets of Paramecium tetraurelia — J. C. G u t i e r r e z , A. T o r r e s and J. P e r e z -
S i l v a : Excys tment Cortical Morphogenesis and Nuclear Processes dur ing Encyst-
ment and Excys tment in Laurentiella acuminata (Hypotrichida, Oxytrichidae) — 
N. R i c c i and R. B a n c h e t t i : Nuclear Phenomena of Vegetat ive and Sexual 
Reproduct ion in Oxytricha bifari Stokes (Ciliata, Hypotrichida) — E. W y r o b a, 
G. B o 11 i r o 1 i and P. G i o r d a n o : Autof luorescence of Axenical ly Cult ivated 
Paramecium aurelia — S. F a b c z a k : Electrical Proper t ies of Cell Membrane in 
Stentor coeruleus. III. Inf luence of changes in Tem p era tu r e on the Membrane 
Permeabi l i ty to Ions — H. R e b a n d e l , A. G i e r c z a k and A. K a r p i ń s k a : 
Toxic Action of Colistin and Penicyll ins V and G on Tetrahymena. I. Lethal 
Effect and Inf luence on Multiplication — N. K. S a r k a r and D. P. H a I d a r : 
Cephal ine Gregar ine (Protozoa : Sporozoa) Ramicephalus olivacus sp. n. Paras i te 
of an Odonate Ceriagrion olivacum Laidlow f rom India — N. K. S a r k a r and 
D. P. H a I d a r : Cephal ine Gregar ine Tetractinospora victoris gen. n. sp. n., 
Paras i te of an Odonate Ceriagrion coromandelianum (Fabricius) f r o m India — 
J. W e i s e r , C. K a l a v a t i and B. V. S a n d e e p : Glugea nemipteri sp. n. and 
Nosema bengalis sp. n., Two New Microsporidia of Nemipterus japonicus in 
India — J. J. L i p a and J. B a r t k o w s k i : Light and Electron Micro-scope Study 
of Amblyospora (Thelohania) californica (Kellen et Lipa) Microsporidia in La rvae 
of Culex tarsalis Coq. (Culicidae) 

Warunk i p r e n u m e r a t y 

Cena p r enumera ty k r a j o w e j : rocznie zł 200, —półrocznie zł 100,— 

P r e n u m e r a t ę na kraj p r z y j m u j ą Oddziały RSW „Prasa -Ks i ążka -Ruch" oraz 
urzędy pocztowe i doręczyciele w t e rminach : 
— do 25 l is topada na I półrocze roku następnego i na cały rok następny, 
— do 10 czerwca na II półrocze roku bieżącego. 

Jednos tk i gospodarki uspołecznionej, instytucje, organizacje i wszelkiego -ro-
dzaju zakłady pracy zamawiają p renumera t ę w miejscowych Oddziałach RSW 
„Prasa-Ks iążka-Ruch" , w miejscowościach zaś, w których nie ma Oddziałów 
RSW — w urzędach pocztowych. 

Czytelnicy indywidualni opłacają p renumera t ę wyłącznie w urzędach poczto-
wych i u doręczycieli. 

P r e n u m e r a t ę ze zleceniem wysyłki za granicę p r z y j m u j e RSW „Prasa -Ks iążka -
Ruch", Centra la Kolpoirtażu Prasy i Wydawnictw, ul. Towarowa 28, 00-953 War-
szawa, konto NBP XV Oddział w Warszawie nr 1153-201045-139-11, w terminach 
podanych dla p renumera ty k ra jowe j . 

P r e n u m e r a t a ze zleceniem wysyłki za granicę jest droższa od p r enumera ty 
k r a j o w e j o 50% dla zleceniodawców indywidualnych i 0 100% dla ins tytucj i i za-
k ładów pracy. 

Bieżące i archiwalne n u m e r y można nabyć lub zamówić we Wzorcowni Wy-
dawnic tw Naukowych PAN-Ossolińskich PWN, Pałacu Kul tu ry i Nauki (wysoki 
par ter) , 00 - 901 Warszawa, oraz w księgarniach naukowych „Domu Książki". 
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