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Synopsis. The subject of this study is the anterior fibrillar system and
its formation during the bipartition process in two species of Ophryo-
scolecidae commensals found in the rumen of domestic animals: Ento-
dinium longinucleatum and Entodinium caudatum. The formation of
the anterior fibrillar system during the division of these ciliates coin-
cides with the development of the adoral polybrachykinety primordia,
but both processes are not simultaneous. The fibrillar system of the
new specimen is formed “de novo” and it is completely independent
of the fibrillar system of the parental cell that is not modified in this
process.

Sharp (1914) was the first to describe the existence of a fibrillar
system in Diplodinium ecaudatum (Epidinium ecaudatum) that is located
in the anterior part of the body. It is composed of a main bundle with
several fibres detached from it in both directions. He attributed a nerv-
ous function to this fibrillar system and called it neuromotor apparatus.
Some authors do not consider it to have a neuromotor function. Bre t-
schneider (1934) for instance considered it responsible for the main-
tenance of the body shape and Rees (1922) thought that these fibres
had a mechanical function (this author described a neuromotor apparatus
in Paramecium but its existence has never been proved).

Other authors like Ferndndez-Galiano (1949, 1955b) and
Noirot-Timothée (1952, 1960) agree with the Shar p’s interpre-
tation, but they do not exclude the possibility of other functions of this
apparatus.
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134 S. SERRANO ET AL.

Coleman and Hall (1971) considered that the structures described
by Noirot-Timothée (1960) could be composed of numerous small
fibrils in the inner lips and at the base of the peristome. However, F ur-
ness and Butler (1983) observed in Epidinium caudatum a “subciliary
reticulum” directly under the sub-kinetal rods and just under the infra-
ciliary zone.

Our study has been directed towards a comparative study of this an-
terior fibrillar system in two species belonging to the genus Entodinium:
Entodinium caudatum and Entodinium longinucleatum, which appear fre-
quently in our samples. This study has been carried out in both the veg-
etative and the fission cells.

Material and Methods

The samples were collected from the rumen of domestic cows that had been
recently slaughtered in Teruel and Alcorcon (Spain).

The fluid obtained was fixed in formaldehyde 5% in the slaughter-house and
was taken to the laboratory to be filtered in order to remove plant particles,

The piridinated silver carbonate method (Ferndndez-Galiano 1976) was
used for impregnation.

Results

General Morphology

The species of the genus Entodinium have a body covered with a sem-
irigid cuticle; beneath this structure lies the cytoplasm which can be
divided into two parts: ectoplasm and endoplasm. The endoplasm is
a “bag” that communicates with the environment via the buccal aperture
at one end and the other via the anal orifice; the ectoplasm is in the
periphery and it includes the nuclei and the adoral ciliary zone with its
associated fibrillar structures.

In the front part of the body is the buccal aperture and the single
ciliary zone of the organism surrounding it. This ciliary zone is protected
by two ectoplasm folds (internal and external lips).

Entodinium caudatum has a more or less quadrangular body shape,
but it is altered in its posterior end because of the existence of pellicle
projections that make up the three spines in this species: one longer one
in the dorsal position and two shorter ones, in the ventral zone of the
body. The body is 35-50 um in length and 25-38 pm in width.
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ANTERIOR FIBRILLAR SYSTEM OF ENTODINIUM 135

Entodinium longinucleatum has a barrel-shaped body with a rounded
posterior end. The body length averages 54 um by 37 um in width (the
measurements are on fixed and stained specimens).

Morphology of the Anterior Fibrillar System

(a) Entodinium longinucleatum

A fibrillar system can be observed at the anterior part of the ciliate
body surrounding the adoral zone. This fibrillar system is made up of
the circumycytopharyngeal ring, the transversal fibre, the peristomial
fibres, posterior fibres and ventral branches (Pl. I 1, 2, 7 a, b).

The circumcytopharyngeal ring (r) is in the anterior part, near the
adoral polybrachykinety and surrounds the oesophagus. Its dorsal edge
is more anterior than its ventral edge. It consists of one fibrillar bundle
that is interrupted by some anastomosis between its ends on the left
side (Pl. I 1, 2, 7 a).

The peristomial fibres (p) start at the anterior zone of the circum-
cytopharyngeal ring and extend to the base of the ectoplasmic lips. These
fibres divide into two parts at their lips, and reunite in the transversal
fibre (t) near the circumcythopharyngeal ring (Pl. I 2, 7 b). The trans-
versal fibre and the circumcytopharyngeal ring are connected by the
ventral plexus (vp). This ventral plexus surrounds the ring except where
a break occurs on the left side (Pl. I 1, 7 a).

The ventral branches that are isolated from the whole fibrillar sys-
tem are on the ventral side and terminate in the cytoplasm (Pl. I 7 b).
Some posterior fibres can also be observed in the same tract leading to
the intrainfundibulary portion of the adoral polybrachykinety (Pl. I 7 a).

The retrociliary fibrils are to be found at the base of the adoral
polybrachykinety. They are short and slightly oblique in relation to the
antero-posterior ciliate axis.

(b) Entodinium caudatum

The silver impregnation reveals a fibrillar system which is located,
like in Entodinium longinucleatum in the anterior part of the body. Also,
there are some argentophilic fibres in the spine of this ciliate responsible
for the maintenance of the body shape.

When the ciliary zone contracts the main node of the anterior fi-
brillar system at the left-dorsal side can be observed. It is called do r-
sal motorium and is formed by a thick bundle of fibres (P1.13, 7 c).
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136 S. SERRANO ET AL.

Two branches depart from the dorsal motorium (dm) and give rise
to the circumcytopharyngeal ring (r) (Pl. I 5, 7c). The transversal fibre
(t) is surrounding almost completely to the circumcytopharyngeal ring
(PL. I 7 c¢). From these three structures depart a high number of fibres
(peristomial fibres) (p) to the anterior part, that forms a basket surround-
ing the adoral ciliary zone (Pl. I 3, 4, 7e, f). Among the peristomial
fibres detachs a bundle (bundle of the tramnsversal fibre) (b) (Pl. I 4, 7c).

Some short fibres depart from the posterior part of the motorium
to the zone close to the micronucleus, and some thick parallel fibres
depart from its anterior part (Pl. I 7 c).

A thick bundle of fibres extends to the posterior part of the body
(posterior fibres) (ps). They are disposed parallely to the intrainfundibu-
lary portion of the adoral polybrachykinety and on its ventral side, in
the same direction, are some granulations (Pl. 6, 7 d).

When the ciliary zone is extended the circumcytopharyngeal ring
surrounded by the transversal fibre (t) can be detected. The peristomial
fibres are not easily observed but the dorsal and ventral plexi are re-
cognised without difficulty (Pl I 5).

Anterior Fibrillar System Formation in the
Bipartition Process

In both species the formation of the fibrillar system in the opisthe
is simultaneous to the ciliate bipartition, although it occurs slightly after
the appearance of the adoral polybrachykinety primordia (Pl II 8). The
fibrillar system is formed “de novo”. It is quite independent of the
fibrillar system of the proter that is not modified during the division.
The first phase in the formation of the fibrillar system is the aparition
of some granulations arranged 2:1:2:1 at the base of the right-ventral
primordium of the adoral polybrachykinety (Pl. II 9). Afterwards the
granulations are reorganized under the ventral band and form a ring
which increases in size progressively (Pl. II 10). Then some granulations
detach from the ventral side of the ring and go to the anterior part of
the body (Pl. II 8).

These granulations appear a little after in the left-dorsal primordium,
and then they form a hairpin-like structure (Pl II 11).

When the adoral polybrachykinety has been fully formed, the ring
extends to the posterior part and the transversal fibre is formed upon it.
The anterior fibrillar system is completely finished at the moment when
both specimens are dividing from each other (Pl. II 12).
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ANTERIOR FIBRILLAR SYSTEM OF ENTODINIUM 137

Discussion

The circumcytopharyngeal ring and the transversal fibre constitute
the most characteristic organelles of the “neuromotor apparatus” in the
Ophryoscolecidae. They have been described in other species belonging to
this family of ciliates, but they have not been described in E. longinuclea-
tum and in E. caudatum until now.

The ventral plexus is observed in both species and is similar to that
described by Noirot-Timothée (1960) in Eudiplodinium medium. In
E. caudatum we have observed two plexus that may be homologous to
the right and left oral plexus in Eudiplodinium moeggii (Fernadndez-
Galiano 1955).

The peristomial fibres, retrociliary fibre and ventral branches described
by us in the genus Entodinium are homologous to those observed by
Noirot-Timothée (1960) in Eudiplodinium medium.

The granulous bundle following the intrainfundibular direction is
similar to the argentophilic band of grains observed in Ophryoscolex
purkinjei (Fernandez-Galiano 1949) that are considered reserve
material.

The caudal fibres in E. caudetum have no morphological connection
with the anterior fibrillar system. They are situated in the spine (a per-
manent structure) and are considered tonofibrills responsible for the
maintenance of the body shape (Ferndndez-Galiano 1949) in
Ophryoscolex purkinjei.

The species of genus Entodinium has a anterior fibrillar system with
similar appearance to some other species of the same family. Yet, in
E. longinucleatum this structure is more simple than in E. caudatum
so we interprete as a evidence that the later is a more evolutionated
species.

We feel there is a close relation between the adoral polybrachykinety
and the argentophilic periadoral fibrillar system because of: (1) their
near position and (2) their quite simultaneous aparition in the bipartition
process.

We assume that the adoral fibrillar system is a whole of contractile
fibrils that determine the movement of the buccal overture and of the
adoral polybrachykinety.

It would be reasonable to suppose that this adoral polybrachykinety
might have some influence on the formation of the anterior fibrillar
system but the processes that cause the origin of this fibrillar system
are still unknown.

http://rcin.org.pl



138 S. SERRANO ET AL.

REFERENCES

Bretschneider L. H. 1934: Beitrige zur Strukturlehre der Ophryoscoleciden.
II. Arch. Protistenk., 82, 297-330.

Coleman G. S. and Hall F. J. 1971: A study in the light and electron micro-
scope of the extruded peristome and related structures of the rumen ciliate
Entodinium caudatum. Tissue and Cell,, 3, 371-380.

Coleman G. S. and Hall F. J. 1971: Studies in the electron microscope of
the adoral zone of membranelles of the rumen ciliate Entodinium caudatum
using the technique of negative staining. Tissue and Cell.,, 3, 381-388.

Dogiel V. A. 1927: Monographie der Familie Ophryoscolecidae. Arch. Protistenk.,
59, 1-288.

Fernadndez-Galiano D. 1949: Sobre el aparato neuromotor y otras estruc-
turas protoplasmaticas de Ophryoscolex purkinjei Stein. Trab. Inst, José de
Acosta. Biol., 2, 253-302.

Fernandez-Galiano D. 1955: El aparato neuromotor de Eudiplodinium mag-
gii Fior. Bol. Real, Soc. Esp. Hist. Nat. Biol., 53, 53-70.

Fernandez-Galiano D. 1976: Silver impregnation of ciliated Protozoa: Pro-
cedure yielding good results with the pyridinated silver carbonate method.
Trans. Am. Microsc. Soc., 95, 557-560.

Furness D. N. and Butler R. D. 1983: The cytology of sheep rumen ciliates.
I. Ultrastructure of Epidinium caudatum Crawley. J. Protozool., 30, 676-787.

Noirot-Timothée C. 1960: Etude d’une famille de ciliés: les Ophryoscole-
cidae. Structures and ultrastructures. Ann. Sci. Nat. Zool. Biol. Anim., 12
série, 2 526-T18.

Rees C. W. 1922: The neuromotor apparatus of Paramecium. Univ. Calif. Publ
Zool., 20, 333-364.

Sharp R. G. 1914: Diplodinium ecaudatum with an account of its neuromotor
apparatus. Univ. Calif. Berkeley Publ. Zool,, 13, 43-122.

Timothée C. 1952: Le systeme fibrillaire d’Epidinium ecaudatum Crawley. (Inf.
Ophryoscolecidae) Ann. Sci. Nat. Zool,, 14, 375-392.

EXPLANATION OF PLATES I-II

1, 2: Photomicrograph showing the anterior fibrillar system of Entodinium longi-
nucleatum, when the ciliate is in contract stage. 1 — X1000, 2 — X1450

3—6; Photomicrograph showing the anterior fibrillar system of Entodinium cauda-
tum. In the Phots. 3-5 the peristome of the ciliate is in contract stage. In the Phot. 6
the ciliate is in extend stage. 3 — 2750, 4 — %2750, 5 — X 1000 and 6 — 1000
7: Semigrammatic schemes of the anterior fibrillar system in E. longinucleatum
(A and B) and E. caudatum (C—F). Arrows point fibres depart from the motorium
8: Formation of the anterior fibrillar system during the division of the genus
Entodinium. A — Arrow points the first stage in the formation of the anterior
fibrillar system

9: Detail of the aparition of the anterior fibrillar system under the right ventral
primordium. X3500

10—12: Photomicrographs of the three different stages of the formation of the
circumpharyngeal ring and transversal fibre in the genus Entodinium. 10 — 3000,
11 — <3600 and 12 — X500

Abbreviations: b — bundle of the transversal fibre, dm — dorsal motorium, dp —
dorsal plexus, g — granulations, p — peristomial fibres, ps — posterior fibres, r —
c;rcumpharyngeal ring, t — transversal fibre, vb — ventral branches, vp — ventral
plexus
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Maria WOLSKA

Department of Ecology and Vertebrate Zoology, University of E6dz,
Banacha 12/16, 90-237 L6dZ, Poland
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Synopsis. A ciliate species, Pseudoentodinium elephantis gen. nov., sp.n.
which has the main features of the order Entodiniomorphida, but
a different skeleton, is described. Particular attention was paid to its
infraciliature. The adoral zone has the form typical of Entodiniomor-
phida only in its ventral part. Because of these distinctive charac-
teristics of this mew species, the creation of a new family for it is
proposed.

The aim of the present paper is to present the general features and
details of the infraciliature of this new ciliate and to consider its po-
sition in the order Endiniomorphida.

Material and Methods

Samples of the excrement of Indian elephants from the £.6dZ Zoological Garden
and the Warsaw Zoological Garden were preserved in a 10%, formaldehyde. After
filtering through gauze, the protozoa which had been in the filtered fluid were
stained with Dobell’s hematoxyline and impregnated with silver. A silver solution
after Bielschovsky was used for the impregnating. The way of the impregnating
was the same as in previous papers (e.g, Wolska 1980). Almost all of the pro-
tozoa observed had their adoral ciliature retracted inside the body. I could see
only two individuals with ciliature which was not retracted. Thus, I described the
infraciliature mainly on the basis of specimens having the ciliature drawn in.
The dorsal and ventral sides were marked as it is used for Entodiniomorphida.
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140 M. WOLSKA

Results

Pseudoentodinium elephantis gen. nov., sp. n. (P1. 1 1, 2, Fig. 2)

The outline of the body of the protozoan is approximately oval. The
posterior end is rounded, the anterior end is truncated. The body is
slightly flattened laterally. The cytoplasm is usually filled in with par-
ticles of food, which are rather small in size, and which may, when they
are abundant, deform the protozoan. There are delicate stripes on its
body surface. The oral apparatus is at the anterior pole, the cytopyge
at the posterior one, in a shallow cavity. There is one contractile vacuole
in the posterior part of the body. The oval macronucleus is usually
situated close to the dorsal wall, in the posterior half of the body, while
the longer axis of the macronucleus is parallel to the long axis of the
protozoan’s body. The small round micronucleus adjoins the posterior
end of the macronucleus (Fig. 2), or, more rarely, its anterior end.
However, it happens that the whole nuclear apparatus is differently
situated. It may be significantly shifted backwards or forwards in the
body, and the longer axis of the macronucleus may be sloped in regard
to the long axis of the protozoan’s body. :

In the anterior part of the body, in the superficial layer of cytoplasm,
there is the skeleton, which consists of 12 slats in the left side of the
body and 12 slats in the right side, which are situated symmetrically
in regard to the frontal plane of the protozoan. In each side, four middle
slats, which are approximately of the same length, extend to the half
of the protozoan’s body length. The slats of the two pairs of tetrads
which lie on both sides of the middle slats differ in length (their length
decreases together with the increase in distance from the middle four
long slats). In the ventral and dorsal edges of the protozoan’s body the
shortest, extreme slats of the left side reach the shortest, extreme slats
of the right side. The distances between the slats are the same in the
whole system. The slats are well seen in the silver impregnated speci-
mens (Pl I 2, 3, 9).

The ciliature is limited to the adoral zone in the anterior part of the
body. The whole oral area may, to various extent, be drawn inside the
body. When it is strongly retracted, the cilia are completely hidden
in a depression that appears then and can be only partially seen through
the cytoplasm. The outlet of the depression is tightened at the anterior
part of the body (Pl I 1). When the oral area is slightly pulled in the
cilia may stick outside (Pl. I 9). When it is protruded, the cilia which
are closer to the ventral side and which grow on the cytoplasmic cone
(ciliophore) stick almost all of their length outside the outline of the
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anterior part of the body; almost — because the base of the cone is
slightly depressed and thus surrounded by the cytoplasmic lip. Cilia
which are on the cone may be grouped into tufts. Dorsally in respect to
the cone, there opens an excavation reaching to the middle of the
body length — the vestibulum, which is equipped with cilia. It is strongly
narrowed in the posterior end.

After impregnating with silver, several parts may be distinguished in
the infraciliature. The main and the largest part of the oral infraciliature
is the part lying on the cone situated on the ventral side of the proto-
zoan, the cilia of which may protrude outside. Dense, parallel, slanting
rows of kinetosomes cover the cone on its left, ventral and right sides.
These rows are longest on the ventral side, and become gradually shorter
on both lateral sides. The whole has the appearance of a band which is
widest in its middle part and grows narrower towards its both ends
(Pl. T 4, 5). The thin ends of the band penetrate the vestibulum. At the
base of the cone, on the inner side of the cytoplasmatic lip, on the right
ventral side of the protozoan, there is a small group of kinetosomes
arranged in several hardly regular rows, which run almost perpendic-
ular to the long axis of the body (Fig. 1). Plate I 8 shows the above-men-
tioned group while the ciliophore is retracted. Hence, in the new ciliate,
the part of the oral ciliature which lies on the ventral side has the same
characteristics as in other Entodiniomorphida. It is particularly similar to

o

Fig. 1. Pseudoentodinium elephantis. Course of the rows of kinetosomes in partic-
ular parts of the adoral zone. A scheme. Ventral part (V.p.). Kinetosomes of “free
cilia” (K.f.c.). Dorsal anterior part (D.s.p.). Dorsal posterior part (D.p.p.)
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Cycloposthium and Tripalmaria, in which the ventral part of the oral
ciliature lies on the retractable cone. A small distinct group of kineto-
somes occurring in Entodiniomorphida (the infraciliature of which was
investigated) was called “Cinetias ventrales independientes” (Fernan-
dez-Galiano 1959) or “Free cilia” (Wolska 1978). The dorsal part
of the adoral ciliature of the new ciliate is built differently than in other
Entodiniomorphida. Two separate parts of the infraciliature lie dorsally
in respect to the cone on the wall of the vestibulum. The anterior part
has the form of a band running obliquely along the wall of the vesti-
bulum at the base of the cone. The band consists of short, parallel, slanting
rows of kinetosomes. In the posterior part of the vestibulum there are
five long rows running along the dorsal side of the vestibulum (Fig. 1,
Pl I 7). The position of particular parts of the oral ciliature in relation
to one another changes while they are being drawn inside the body
(Fig. 2). The ventral part is then moved farthest backwards. Sometimes,

Fig. 2. Pseudoentodinium elephantis. Position of the adoral zone, a — retracted,
b — protruded. A scheme

when the retraction is very strong, the ciliated cone is turned over, and,
as a result, one can see its top directed backwards, and its base — for-
ward (Pl. I 6). The phenomenon of the overturning of the ciliated cone
is known to occur in Entodiniomorphida, e.g., in Cycloposthium (F er-
nandez-Galiano 1959) and in Tripalmaria (Wolska 1978). At
such a strong retraction of the adoral zone the anterior dorsal band may
happen to become almost parallel to the long axis of the body, as it can
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be seen in Pl I 6. In this photograph the separateness of the anterior
and posterior dorsal parts can also be seen, which is not displayed in
other photographs.

The size of the protozoan ranges widely: length 27-45 um, breadth
14-24 um.

This new ciliate, which clearly belongs to Entodiniomorphida (strongly
advanced reduction of ciliature, grouping of cilia in tufts, lateral flatten-
ing of the body, a strongly marked cytopyge and, frequent in this order,
presence of the skeleton and the retractable adoral zone) is most similar
to Entodinium from the family Ophryoscolecidae and to Parentodinium
which was included into Cycloposthiidae by Thurston and Noirot-
Timothée (1973), white by Corliss (1979) was treated as “in-
certae sedis”. The similarity is shown by the lack of additional ciliary
zones, the ability to retract the adoral zone, presence of one contractile
vacuole in the posterior part of the body. It differs from Entodinium
by the presence of a skeleton, the characteristics of the dorsal part of
adoral ciliature, the shape and position of the nuclear apparatus. It differs
from Parentodinium by the presence of a skeleton. As there is no de-
scription of the infraciliature of Parentodinium, it is impossible to com-
pare these structures. However, Pseudoentodinium differs from Parento-
dinium and Entodinium strongly enough to create a new genus. Pseudo-
entodinium differs from other genera of Entodiniomorphida, which
are grouped in several families, in the lack of additional ciliary zones,
in the shape of its macronucleus in the characteristics of the dorsal part
of its adoral ciliature and in the form of its skeleton, hence it cannot
be ascribed to any family. Taking this into account, I suggest creating
for it a new family in the order of Entodiniomorphida.

Pseudoentodiniidae fam. nov. — diagnosis

Lack of additional ciliary zones. The adoral ciliature retractable. The
anterior and posterior fragments are distinguished in the infraciliature
of the adoral zone in its dorsal part. The skeleton lies on both sides of
the anterior part of the body and consists of slats. A type of the family
Pseudoentodinium gen. nov.

Pseudoentodinium gen. nov. — diagnosis
The body is oval, slightly flattened laterally. The ciliature is limited

to the adoral zone. In the infraciliature of the adoral zone there may be
distinguished the ventra)l part on the cone with a small group of ki-
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netosomes at the base of the cone, and two dorsal parts: the anterior one
and the posterior one (the posterior one in the form of long rows running
along the wall of the narrowed part of the vestibulum). One contractile
vacuole in the posterior part of the body. An oval macronucleus, usually
in the posterior part of the body, on the dorsal side, with a small round
micronucleus adjoining one of its poles. The cytopyge at the posterior
end of the body. The skeleton in the anterior part of the body, which
consists of 12 slats in the left and right side each. A type of the genus
Pseudoentodinium elephantis sp. n.

Pseudoentodinium elephantis sp. n. — diagnosis

A species with the characteristics of the genus; occurs in the digestive
tract of the Indian elephant.

Discussion

The new ciliate, Pseudoentodinium elephantis, displays a peculiarity
which is worth paying attention to. Its adoral ciliature has such a form
as in Entodiniomorphida only in the ventral side. In the dorsal side the
adoral ciliature of P. elephantis differs from the adoral ciliature of Ento-
diniomorphida. The peculiarity is that it has the same form as the ciliature
of the vestibulum in the genus Blepharocorys Bundle of the family
Blepharocorythidae. It is easy to make a comparison because many spe-
cies from various families of Entodiniomorphida have been impregnated
with silver (Ferndndez-Galiano 1959, Noirot-Timothée
1960, Wolska 1978, 1980, 1985), and the infraciliature of species from
the genus Blepharocorys have also been studied (Wolska 1966, 1971
a, b). It had been known for a very long time that in Blepharocorys the
dorsal wall of the vestibulum was equipped with longitudinal rows of
cilia, but is was only impregnating with silver which revealed the pres-
encce of another small zone of cilia lying in the anterior part of the vesti-
bulum which is not connected with rows running lengthwise (Wolska
1966, 1971 a). These two parts of the vestibulum’s ciliature have been
named “a zone of short kineties” or “an anterior zone” and “a zone of
long kineties” or “a posterior zone”. In the new ciliate, in the dorsal
side of the vestibulum, one can find in its infraciliature, as in Blepharo-
corys, an anterior band consisting of short rows of kinetosomes, and long
rows in the posterior part. These two parts of the infraciliature are not
connected with each another, also they are not linked with the ventral
part of adoral infraciliature.
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To sum up, we have in the fauna of the intestines of the Indian
elephant a ciliate species which beside the features of the order Entodi-
niomorphida has in its infraciliature a feature of the genus Blepharo-
corys which is a type of the family Blepharocorythidae. This makes more
credible the hypothesis that there exists close affinity between Entodi-
niomorphida an Blepharocorythidae (Wolska 1966, 1967), or even
that Entodiniomorphida have originated from Blepharocorythidae (N o i-
rot-Timothée 1969, Wolska 1971 b).
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EXPLANATION OF PLATE I

Pseudoentodinium elephantis. Hematoxyline stained, the remaining ones silver im-
pregnated

1: General view from the right side. Retracted cilia (arrow). 1000 X

2: General view from the right side. 1100X

3: gz;(me specimen, anterior part of the body. A view of the skeleton slats.
260

4: Left side of the ventral part of the adoral zone (arrow). 2000

5: Same specimen. Right side of the ventral part of the adoral zone. 2000X

6: Adoral infraciliature viewed from the right side. Dorsal anterior part (D.a.p.).
Dorsal posterior part (D.p.p.). Overturned cone is slightly seen; close by kineto-
somes of “free cilia” (arrow). 2000 <

7: Adoral zone viewed from the left side. Dorsal anterior part (D.a.p.). Dorsal
posterior part (D.p.p.). 2000X

8: Same specimen. The lens focussed at “free cilia” (arrow) in the ventral right
side. 2000 <

9: General view of the left side and partially ventral side. A view of the top ends
of cilia (arrow). 1800X
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Synopsis. The transformation of the polymorphic ciliated protozoan
Tetrahymena vorax V,S from a microstomatous (small-mouthed) bac-
teria-feeder into a macrostomatous (large-mouthed), cannibalistic car-
nivore can be induced by treating microstomes derived from axenic
cultures with 10—*M (final concentration) d-alpha-tocopheryl succinate
in 1% (v/v) ethanol for 12 h at pH 5.5 and 25°C. This treatment results
in an inhibition of cell division, an increase in the length and number
of the oral ciliature and a marked increase in the volume of the
buccal cavity and the body due to the formation of a cytopharyngeal
pouch in 28-40° of the organisms exposed to the vitamin. Groups of
control organisms demonstrated that no more than 5% of the micro-
stomatous populations transformed into macrostomes in the absence of

tocopheryl succinate.

There are a number of species of ciliated protozoa with a polymor-
phic life history consisting of several interconnected phases. The life
cycle of one such organism, Tetrahymena vorax, is characterized by the
possession of a microstomal (small-mouthed) phase that adapts the organ-
isms for a bacterial or particulate diet, a macrostomal (large-mouthed)
phase that enables the ciliates to become cannibalistic carnivores, and
an encysted stage wherein the organisms may reproduce. Organisms at
any phase in the life cycle have the capability of transforming into either
of the remaining phases through a series of morphogenetic changes that

1 Address for Correspondence and Reprint Requests: Dave
C. Lennartz, Ph. D. 2711 Colorado Avenue, Santa Monica California 90404, USA.
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are inducible by appropriate changes in the environment as described
by Buhse and Cameron (1968) and Corliss (1973).

The transformation of Tetrahymena vorax strain V,S from the micro-
stomal form to the macrostomal form can be viewed as the structural
and biochemical expression of an alternative morphogenetic pathway.
The capacity to produce macrostomal forms in the presence of an appro-
priate inducer suggests that genomic expression can be used as means
of adapting to short-term environmental changes.

The present work extends previous studies by Lennartz and
Bovee (1980) and Lennartz (1982) on the use of d-alpha-tocopheryl
as an inducer of ‘macrostomal development by Blepharisma americanum.
The primary purpose of this study is to demonstrate that d-alpha-toco-
pheryl induces macrostomal development in T. vorax V,S in a compara-
ble manner, and to compare these results with other recent studies of
macrostomal development by this species.

Materials and Methods

Organisms and Culture Conditions

The organism selected for this study, Tetrahymena vorax V.S, was obtained
in axenic culture from the American Type Culture Collection (ATCC No. 30421).
The microstomatous form was cultivated under axenic conditions in 2% (v/v)
proteose peptone (Difco) medium with Chalkley’s solution as the liquid component
(Chalkley’s solution contains 0.1 g NaCl, 0.004 g KCl, 0.006 g CaCly per liter of
double distilled water). Cultures were kept in darkness at 25 *0.1°C at a pH of
6.8-7.2 (optimal growth conditions for this strain).

Induction of Macrostomal Development

Microstomatous T. vorax V.S were harvested from mass cultures and washed
at least three times in Chalkley’s solution. Washed ciliates were examined by light
microscopy and organisms of approximately uniform size were selected by micro-
pipette with the aid of a calibrated ocular micrometer. This step was taken to
ensure that random variations in size would not contribute to macrostomal pro-
duction, a possibility noted by Pierce et al. (1978) in their work on Blepha-
risma. Organisms selected for study were separated into the following treatment
groups. Each group was comprised of three replicates consisting of 100 ciliates per
replicate:

Group A: Untreated microstomatous organisms in Chalkley’s solution at
pH 6.8 and 25°C.

Group B: Untreated microstomatous organisms in Chalkley’s solution at
pH 5.6 and 25°C.

http://rcin.org.pl



MACROSTOMAL DEVELOPMENT OF TETRAHYMENA VORAX 149

Group C: Microstomes exposed to 1% (v/v) ethanol in Chalkley’s solution at
pH 6.8 and 25°C.

Group D: Untreated microstomatous organisms in 29, proteose peptone at
pH 6.8 and 25°C.

Group E: Untreated microstomatous organisms in 29, proteose peptone at
pH 5.5 and 25°C.

Group F: Untreated microstomatous organisms exposed to 10—4M succinate
at pH 5.5 and 25°C.

Group G: Microstomatous ciliates exposed to 10—-7’M d-alpha-tocopheryl
succinate (ICN Pharmaceuticals, Cleveland, Ohio Lot No. 1091) at pH 55 and
25°C.

Group H: Microstomatous ciliates exposed to 10—*M d-alpha-tocopheryl suc-
cinate at pH 5.5 and 25°C.

Group I: Microstomatous ciliates exposed to 10-3M d-alpha-tocopheryl suc-
cinate at pH 5.5 and 25°C.

Group J: Microstomatous ciliates exposed to 10—*M d-alpha-tocopheryl suc-
cinate at pH 5.5 and 25°C.

The organisms from each group were observed hourly for signs of transfor-
mation over an 18-h period using an Olympus BHC microscope equipped with
bright field or phase contrast optics. The number of organisms transformed was
determined by direct visual counting of each sample.

Results

The results of the present study are shown in Table 1. Tetrahymena
vorax V,S transformed from the microstomal form (Pl. I 1) to the ma-
crostomal form (Pl. I 2) through sequential changes in the oral ciliature
and enlargement of the oral cavity to produce a cytopharyngeal pouch
as described previously by Buhse (1966 a, b).

Table 1

Results of macrostomal induction experiments with Tetrahymena vorax V,S

Treatment Group ’ % Macrostomes Mean -+ S.E.M.
A (Chalkley’s at pH 6.8) I 0 0 0 0.00
B (Chalkley’s at pH 5.5) Bl 2 0 1.00+0.06
C (1 %ethanol at pH 5.5) 0 0 0 0.000
D (2% proteose peptone pH 6.8) [0 0 0 0.00
E (2% proteose peptone pH 5.5) i 3 0 0 2.67+0.15
F (10-4M succinate at pH 5.5) 0 0 0 0.00
G (10-7M tocopheryl succinate) | 5 310 6.00+0.21
H (10-6M tocopheryl succinate) Tes8 11 9 9.334+0.09
I (10-5M tocopheryl succinate) | 20% ~ 14 118 17.334-0.18
J (10-4M tocopheryl succinate) | 35 28 40 34.334-0.35

All experiments started with microstomatous organisms and were done at 25°C. N = 100
ciliates per replicate (Total of 300 ciliates per group).

2 — Acta Protozool. 25/2
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The results from control groups showed that the medium used for
cultivating or manipulating the organisms had little or no capacity to
induce macrostomal development in microstomatous organisms. In con-
trast, exposing microstomes to 10™* M d-alpha-tocopheryl succinate re-
sulted in macrostomal development by up to 40% of the ciliates in 12 h.
Exposure of microstomes to lower cencentrations (10™* M to 107° M)
of the vitamin required 12-18 h for the induction of macrostomal devel-
opment. In contrast to the recent studies of Ryals and Smith-So-
merville (1984) the present results were obtained without prior heat-
shock treatment.

Discussion

The results of the present study show that d-alpha-tocopheryl in-
duces macrostomal development by T. varax V,S that is identical in all
morphological details to the microstome—macrostome transformation in-
duced by “stomatin” as decribed by Buhse (1967). The development
of macrostomatous T. vorax following exposure to the vitamin is compa-
rable to macrostomal development by B. americanum as described pre-
viously by Lennartz and Bovee (1980) and Lennartz (1982).
The percentage of macrostomal development obtained in the present
work is relatively low and may be attributable to the use of the succinate
ester of d-alpha-tocopherol in most recent experiments of the type report-
ed here. This form of the vitamin may not always dissociate completely
under the conditions employed in the experiment (Henckel Corp., per-
sonal communication, 1984). The use of an unesterified tocopherol in
these experiments might result in more effective macrostomal develop-
ment. An alternative explanation for the moderate response ‘of T. vorax
V,S to the vitamin is based on the work of Williams (1961) that
documents the regular occurrence of stable sublines of this strain. Slight
variations in either the structure or the expression of the genome of
these sublines could alter the degree of response of the organisms to an
inducer such as tocopherol.

The findings of the present study have been confirmed independent-
ly by the recent work of Royals and Smith-Somerville (1984)
who have been studying the effects of d-alpha-tocopheryl succinate and
other substances on the induction of macrostomal development in T. vo-
rax V,S. The significance of their observation that macrostomal develop-
ment by T. vorax V,S in the presence of d-alpha-tocopheryl succinate
proceeds only after heat-shock treatment of microstomatous organisms
is not clear since this pretreatment was not required to obtain the pre-
sent results. A plausible explanation for this difference is that the opti-
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mum routine cultivation temperature for the subline of T. vorax V,S
(25°C) was somewhat higher than that used by Ryals and Smith-Somer-
ville (18-20°C), thereby obviating the meed for heat shocks. The results
of the present study also are consistent with the recent work of Butzel
and Fischer (1983) that documented the induction of macrostomal
development by T. vorax V,S with hypoxanthine and uracil.

The results of the present experiments, together with those of other
studies on macrostomal development by T. vorax V,S and B. america-
num, suggests that the expression of the macronuclear genome may be
controlled, in part, by the presence of one or more “molecular signals”
in the environment. The recent study of Gulliksen et al. (1984) using
2-D gel electrophoresis to monitor protein synthesis in the oral apparatus
of transforming T. vorax provides support for this hypothesis, since they
show that certain proteins are synthesized following the introduction of
the inducer “stomatin” that are not present prior to transformation.
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EXPLANATION OF PLATE I

1: A microstomatous Tetrahymena vorax V,S untreated control

2: An intermediate stage in the macrostomal development of T. vorax V.S follow-
ing treatment with 10-4M d-alpha-tocopheryl succinate. The cytopharyngeal pouch
(CP) is beginning to form

3: A macrostomatous T. vorax V.S following exposure to 10-4M d-alpha-tocopheryl
succinate for 10 h at 25°C. The cytopharyngeal pouch is conspicuous

All photographs are shown at the same final magnification
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Synopsis. Abundant hyaline blebs are produced within several hours
and during next two days by amoebae maintained at 27-30°C in Prings-
heim medium buffered with HEPES at 7.5-8.5. Such blebs are stable and
accumulate on the tail surface, if the cell keeps the motor polarity.
They resist the intracellular pressure and do not open new ways for
the outflow of endoplasm. Further uniform development of their area
is impossible, except budding of second- and third-rank blebs at some
discrete points. In such cases the primary blebs seem to pump their
content into the secondary ones. That indicates that after the formation
of a bleb of the initially fluid hyaloplasm, the cytoskeletal and con-
tractile MF layer is probably reconstructed, This conclusion is com-
plementary to the recent findings of other authors that fluorescein-
labeled actin and myosin may repolymerize inside the hyaline layer.
It is presumed that the hyaline frontal caps may be only as long de-
voided of the cytoskeletal and contractile capacities as they advance
and are continuously supplied with a new, freshly separated hyalo-
plasm,

The advancing pseudopodia of Amoeba proteus form hyaline caps at
their tips. The fluid nature of the hyaloplasm was admitted in the past
by all major theories of amoeboid movement. Also our present ideas on
the mechanism of locomotion of amoebae, expressed by the generalized
cortical contraction theory (Grebecki 1981, 1982), are based on the
presumption that the experimentally demonstrated relaxed condition of
the advancing front of locomotion depends on the deficiency of cytoske-
letal and contractile capacities of the hyaloplasm separating the MF
layer from the plasma membrane in the tips of growing pseudopodia.

On the other hand, some earlier phenomenological data and most
recent studies of the assembly and disassembly of the contractile appara-
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tus of amoeba (Stockem et al. 1982, 1983 a, b, Hoffmann et al
1984) indicate that the hyaloplasm cannot be always considered as a com-
pletely structureless inert fluid. The excellent examples of an abundant
separation of the hyaloplasm and formation of stable hyaline blebs,
which seem to recover the capability of resisting the intracellular hydro-
static pressure and to contract, were encountered in a series of experi-
ments dealing with the influence of fibronectin on the adhesion and lo-
comotion of Amoeba proteus. The objective of the present paper is to
describe the behaviour of such blebs and re-discuss the question of cyto-
skeletal properties and contractility of the hyaloplasm.

Materials and Methods

The Amoeba proteus cultures were grown in the standard Pringsheim medium
and fed twice a week on Tetrahymena pyriformis. Experimental samples, starved
for 2-3 days, contained 20-30 individuals in 0.1 ml of medium. They were kept
for 3 days, at 27-30°C, under coverslip hold by glass spacers at 0.5 mm from the
bottom slide and protected by a circular layer of the paraffin oil. The test medium
contained, besides the usual components of the Pringsheim solution, 2.5 mM HEPES
buffer at pH 7.5 or 8.5 and 200 or 500 pg/ml of fibronectin. The medium modifi-
cations in the controls are described in the Results.

The fibronectin was purified from human plasma according to the procedure
of Vuento and Vaheri (1979) by Dr. H. Hérmann. It was a generous gift of Dr.
H. Hormann and Dr. T. Schreckenbach from the Max-Planck-Institut fiir Bio-
chemie in Martiensried bei Miinchen. Other chemicals were made by commercial
manufacturers. Some of them were kindly offerred by Dr. W. Sachsenmaier (Uni-
versity of Innsbruck) and Dr. K. Kuroda (University of Osaka). The author wishes
to express most vivid thanks to all of them.

All the observations were made and photomicrographs taken with a Biolar
microscope equipped with DIC optics of the Pluta system. Some experiments were
filmed on the 16 mm black-and-white ORWO material at | frame per second,
with a combined Bolex and Robot equipment.

Results

Experimental Conditions

The gradual losing of motor polarity accompanied by the production
of stable hyaline blebs occurred in Amoeba proteus cells which were
tested for the influence of the fibronectin on their spreading over the
glass surface and mode of locomotion. The expected effects of the fibro-
nectin were rather equivocal. On the contrary, the production of hyaline
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blebs and their further behaviour presented the features which appear
relevant to some aspects of the motor mechanism.

The large majority of the present results and all the photomicro-
graphs shown in Pl. I-V were provided by amoebae observed in the
standard Pringsheim medium buffered with 2.5 mM HEPES at pH 7.5
or 8.5, in the presence of 200 or 500 pg/ml of fibronectin, at 27-30°C.
Later on, several control tests were carried out to evaluate the impor-
tance of the fibronectin and HEPES present in the medium, pH and tem-
perature.

The production of stable hyaline blebs was not clearly affected by
the fibronectin concentration varying within the range of 0, 10, 20, 50,
100, 200 and 500 pg/ml. Substitution of 200 or 500 pug/ml of the fibro-
nectin by the same concentration of the bovine plasma albumin also failed
to produce any reliable results.

After readjusting the ratio of the two components of the HEPES
buffer to pH 9.5 (without changing any other conditions) the investiga-
ted phenomena were still induced, but some dead cells begin to appear
within 1-2 h. At pH 6.5 and 5.5 the individuals producing stable hyaline
blebs were less numerous, but still present in the samples. They occurred
also in small numbers without HEPES, in the unbuffered Pringsheim me-
dium (pH 6.8).

After 10-30 min of exposure to higher temperatures (35-40°C) the
amoebae round up and produce, instead of individual blebs, a continuous
ring of hyaloplasm around the cell periphery, as described earlier by
Seravin (1966). The separation of hyaloplasm takes place during cool-
ing the sample in room temperature (Grebecki, unpublished). On the
other hand, the present results were irreproducible at the ordinary room
temperatures. Within the temperature range between 18 and 25°C no
appreciable changes in the abundance and distribution of the hyalinc
layer could be found, in spite of the presence of 200-500 pg/ml fibro-
nectin and 2.5 mM HEPES, at pH 7.5-8.5.

It is concluded that the moderate raise of the temperature, to 27-
30°C, had the key role in producing the effects described in this study.
The presence of HEPES and a moderate decrease of the H" concentras
tion (pH 7.5-8.5) were important as contributory factors. The presence
of the fibronectin was probably irrelevant.

Formation of Hyaline Blebs and Blisters

The samples of 20-30 amoebae in the Pringsheim medium, with 200-
500 ug/ml fibronectin and 2.5 mM HEPES at pH 7.5-8.5, in the tempera-
ture of 27-30°C, were kept under a regular microscopic control for the
first 8 h of the experiment and 16, 24 and 48 h later.
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During the first 2 h many individuals lose normal orientation of
locomotion and the usual unidirectional character of the endoplasmic
streaming. The flow of endoplasm is from time to time reversed back to
the tail and in the pseudopodia the forward and backward phases of
streaming intermit. As a result, the macromorphological differences be-
tween the tail and the frontal part of amoebae gradually disappear. As
well in the specimens which moved before in the orthotactic manner
(Pl. I 1a) as in the polytactic ones (Pl. I 1 b, c¢) the former tail may often
be still identified, however, it is no more corrugated as in the normal
locomoting amoebae, but as rounded and smooth as the frontal region.
The number of such individuals increases with time and some of them
many be recognized in the same shape and at the same place many
hours later.

In most cases the loss of motor polarity and reversals of the endo-
plasmic flow lead to the formation of prominent hyaline blebs at the
tips of all formerly advancing or retracting pseudopodia (Pl. I 2, 3). The
discoordinated streaming of endoplasm is neither capable to transform
some of them into normal advancing frontal caps nor provoke collapsing
of the others. If sometimes it arrives to such amoeba to produce, for
a brief period of time, a coordinated streaming as shown in Pl I 2, the
old hyaline blebs (black arrowheads) are never used as frontal caps of
locomotion; the endoplasmic streaming is directed (white arrow) toward
a newly formed frontal zone. Brief periods of coordinated streaming
could be provoked in such bulbiform amoebae by local shading one cell
region (the technique described by Grebecki 1980). Normally, most
of them keep for a long time the unchanged bulbous shape (Pl. I 3).

Some others, probably more resistant individuals which never as-
sumed the bulbous form or recovered from this state, manifest the unidi-
rectional endoplasmic streaming with or without the effective locomotion
(Pl. II 4). Small hyaline blebs are also formed by them, shift backwards
along the lateral body walls (small arrowheads) together with the rela-
tive withdrawal of the ectoplasmic cylinder in respect of the posterior
body pole, and eventually accumulate in the tail (large arrowheads).
Abundant spherical or ellipsoid hyaline blebs (with a few granular inclu-
sions inside) also cover, as bunches of grapes, the retracting lateral pseu-
dopodia (Pl. II 5) which are eventually incorporated into the tail region.
The backward movement of hyaline blebs along the lateral body walls
and their final accumulation in bunches on the tail surface is particu-
larly well pronounced in monotactic amoebae which withdraw their ecto-
plasmic layer in the form of a fountain (Pl. II 6).

The production of hyaline blebs gradually increases and after seve-
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ral hours many individuals are deformed and densely covered with
almost spherical blisters (Pl. III 7). Formation of such blisters is instan-
taneus and accompanied by local contractions of the cell periphery, lead-
ing to their partial or complete separation. The hyaline blebs termi-
nating old pseudopodia also become more spherical at this stage, suggest-
ing a contraction at their basis, along the granuloplasm-hyaloplasm
separation line (Pl. IV 9).

At the next step the whole cells become perfectly spherical with a pro-
fusion of completely separated membrane vesicles in the surrounding
medium (Pl. III 8). The vesicles appear in the light microscope to be
built either of a pure hyaloplasm or contain only very little granulo-
plasm. They are stable for several hours. The share of spherical cells
producing membrane vesicles progressively increases in the populations
examined after 8, 16, 24 and 48 h of exposure to the tested conditions.
Such cells, with the separated membrane vesicles, may be obtained
almost immediately in large numbers by exposing amoebae in the HEPES
buffered medium (pH 8.5) for 10-30 min to 35-40°C.

The individual variation of the sensitivity of amoebae to the condi-
tions of present experiments is very important. Therefore all the stages:
a simple loss of the motor polarity, accumulation of hyaline blebs in the
tail region, bulbous forms with stable hyaline blebs and spheres pro-
ducing membrane vesicles, are almost always found together, in varying
proportions, in the same samples. The share of normal locomoting spec-
imens declines, but they may sporadically occur up to the end of the
experiment. The final stage of cell spherulation and separation of mem-
brane vesicles may begin in some individuals after several hours but
becomes very common on the 2nd and 3rd day of incubation. Eventually,
the samples die out because of bursting of the spherulated cells.

Manifestation of Motor Capacities by the Old
Hyaline Blebs

The hyaline blebs induced in the present experiments exhibit, at the
moment of their formation, the same features as the hyaline frontal
caps and hyaline blebs preceding the development of new pseudopodia
in normal locomoting amoebae: (1) they arise in the “explosive’” manner
within 1-2 s (as calculated from the film records); (2) at the moment
of their formation the contractions are seen in the neighbouring or more
distant areas of the cell periphery; (3) the nascent blebs immediately
assume hemispherical or almost spherical shapes, when arising on the
former pseudopodial tips of bulbiform cells (Pl. I 2, 3), on retracting
pseudopodia of locomoting individuals (Pl. II 5) or along the whole sur-
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face of deformed amoebae (Pl. III 7). This indicates that, as commonly
accepted for the untreated amoebae, the hyaloplasm at the moment of
its separation from the granuloplasm is fluid, structureless and behaves
passively. But on the other hand, the further behaviour of the stable
hyaline blebs formed under the present conditions strongly indicates the
recovery of some structural and functional properties.

When a bulbiform amoeba locally stimulated by shade forms a new
large pseudopodium (Pl. IV 10) and the endoplasm steadily flows in one
direction (black arrows), the bulbiform cell body assumes the role of the
posterior region of a normal migrating individual, i.e., it contracts and
is withdrawn. In spite of that, the endoplasm is never squeezed through
the old hyaline blebs (white arrowheads), which keep their form relati-
vely stable and are retracted uniformly with other parts of the cell
periphery.

In amoebae which under present conditions kept (or recovered) their
polarity and locomotion, sometimes unusually huge lobes of hyaloplasm
are found around the tail extremity (Pl. IV 11). The film analysis demon-
strated that such caudal lobes do not behave as effusions of a structu-
reless fluid, but uniformly contract and withdraw as the normal tail
(white arrowheads at the stages a and b). Only at a few discrete points
the structure is probably broken (white open arrows in b) and drops of
new hyaloplasm pour out. As a result (stage c), the large hyaline lobes
gradually disappear and in their place several small hyaline blisters
(black arrowheads) remain attached to the tail.

Another manifestation of the probable reconstruction of some cyto-
skeletal structures in the old hyaline blebs is their capacity to form
secondary blebs, which arise by a localized efflux of new, apparently
fluid hyaloplasm. This phenomenon is demonstrated in Pl. V 12 by a ser-
ies of selected cinematographic pictures taken in the top view. The
second-rank blebs are often produced in that way at some sites of the
surface of primary blebs in bulbiform individuals (as indicated by the
double arrowhead in Pl I 3). At the extremities of retracted pseudopodia
even three generations of successive hyaline blebs may be sometimes
observed (single, double and triple arrowheads in Pl. V 13). Other film
records, as that shown in Pl. V 14, demonstrate that the secondary blebs
grow (white arrowheads) at the expense of the primary bleb which simul-
taneously decreases in size (note its changes relative to the position of
the black arrowheads). This strongly suggests that the periphery of the
old primary bleb recovered not only cytoskeletal properties but also
the contractility and pumps the fluid content out, into the secondary
blebs.
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Discussion

The absence of any structured components in the frontal hyaline
caps and lateral hyaline layer of the proteus-group amoebae was admit-
ted by all earlier theories of amoeboid movement. According to the
authors and followers of classical tail contraction concepts (e.g., Mast
1926, Goldacre 1956, Rinaldi 1964 a, b) the hyaline represents the
fluid endoplasmic matrix squeezed into the frontal cap through the
“plasmage sheet” (= condensed MF layer at the granuloplasm-hyalo-
plasm border, according to the present state of knowledge). For the fron-
tal contraction theory (Allen 1961) it is the syneretic fluid produced
in the advancing pseudopodial tip by the endoplasm-ectoplasm conversion
(Allen and Cowdemn 1962). The recent generalized cortical contrac-
tion theory (Grebecki 1982) postulates that the separation of the
hyaloplasm in the front is the result of a local detachment of the cor-
tical layer of microfilaments from the plasma membrane (Wehland
et al. 1979, Grebeckaand Hrebenda 1979, Stock e m et al. 1982).

The view that the hyaloplasm is fluid and structureless was in a good
agreement with: (1) commonly known fact that the hyaline caps and
blebs arise almost instantly, within 1-2 s; (2) equally trivial observations
that they assume hemispherical or bead-like shapes; (3) low dry mass
content in the hyaline cap fluid, as calculated from the refractive index
(Allen and Roslansky 1958); (4) the difficulty to discern in the
hyaloplasm any continuous structures by light- and early electron-mi-
croscopic techniques (see the discussion of this point by Wohlfarth-
Bottermann 1964). The capability of the fluid hyaloplasm to be
almost freely filtered through the MF layer disengaged from the plasma
membrane in the frontal zone is fundamental to our present concept of
amoeboid movement (Grebecki 1981, 1982; Stockem et al
1983 a, b), because it explains the drop of the hydrostatic pressure in the
front, which is necessary to promote and control the endoplasmic stream-
ing.

On the other hand, however, some other published and unpublished
observations indirectly indicated that the hyaline layer, blebs and caps
cannot be always considered as devoided of some cytoskeletal proper-
ties and contractility:

(1) In the first papers demonstrating that the contractile system in
Chaos chaos and Amoeba proteus has the character of a peripheral fila-
mentous cortex (Komnick and Wohlfarth-Bottermann 1965;
Korohoda and Stockem 1975, 1976) its position was defined as
corresponding to the lateral hyaline layer.
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(2) Important hyaline zones are often found in the uroid region, be-
tween the plasma membrane and the granuloplasm, as demonstrated by
DIC microscopy (Stockem 1970) and EM (Stockem et al. 1982).
In contrast to the hyaline blisters arising in the anterior cell part, they
do not open the way for the outflow of endoplasm. It is not very easy,
even by the localized light-shade stimulation, to transform the former
tail into a new front (Grebecki 1980) or induce a new pseudopodium
on its surface (Klopocka 1982), in spite of the presence of hyaline
zones in the uroid.

(3) The hyaline layer may be seen in the adhesive knobs attaching
amoebae to the substrate of locomotion and developed by pseudopodia
which catch extracellular particles (G reb e cki, unpublished). It is hard-
ly imaginable how a completely structureless hyaline could assure the
necessary mechanical link between the cytoskeleton and the adhesion
site.

(4) In contrast to the opinion of Mast (1932) that the inhibitory
effects of light on the advancing pseudopodia depend on the granulo-
plasm border (the “plasmagel sheet”), Klopocka (unpublished) was
able. to inhibit or stimulate the advance of optically empty hyaline
pseudopodia, respectively, by illuminating or shading their tips.

(5) In many small amoebae (e.g., in Mayorellidae — Bovee 1964)
the clear hyaline pseudopodia are capable of bending, twisting and coil-
ing.

The abundant and stable hyaline blebs produced by Amoeba proteus
under the experimental conditions described in the present study clearly
manifest the capacity of recovering some rigidity of their structure and
contractility, which are apparently lacking at the moment of their for-
mation. They arise almost instantly on the frontal and/or lateral cell
surface, as it happens in the untreated amoebae, and their drop-like
appearance is even more pronounced than in the normal individuals.
Their formation is correlated with a general cortical contraction or
(more often) with multiple violent local contractions along the cell pe-
riphery. In the second case the hyaline blebs appear between two (or
more) neigbouring discrete contraction sites, exactly as in the exper-
iments of Grebecka (1982) in which new hyaline caps were induced
by two mechanical or two photic stimuli applied at a short distance
from one another. Their arising was interpreted as probably resulting
from loosening the cortical MF layer and its disengagement from the
plasma membrane between the two contraction centres. In general, the
phenomenology of the formation of hyaline blebs under present con-
ditions corroborates the view discussed above that the hyaloplasm, at the
moment of its separation from the granuloplasm, is a structureless fluid
filtered through the MF layer.
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But this conclusion cannot be applied to the further behaviour of
the hyaline blebs observed in the present experiments. It seems obvious
that some more or less rigid structure must gradually develop along
their periphery (the recovery of cytoskeletal properties), because: (1) they
keep relatively stable size and shape, instead of swelling and opening
a way to the outflow of endoplasm, when a bulbiform cell with many
old hyaline caps contracts either spontaneously (Pl. I 2) or stimulated
by light-shade difference (Pl. IV 10); (2) large hyaline lobes sometimes
appearing around the uroid fail to grow more in size when the granulo-
plasm of the tail contracts and withdraws (Pl. IV 11 a, b); (3) in general,
a further development of an old hyaline layer or bleb is impossible by
a uniform expansion of its area, but only by “budding” at some discrete
sites which leads to the production of second-rank or even third-rank
blebs (P1. I 3 and V 13).

The recovery of the contraction capacity by the stabilized periphery
of old hyaline layer and blebs is strongly suggested by: (1) the uniform
decrease in size and retraction of the hyaline lobes sometimes surroun-
ding the uroid under the present exprimental conditions (Pl. IV 11);
(2) in particular by the apparent pumping of the content of a primary
hyaline bleb into the secondary ones (Pl. V 14).

The present results offer an explanation why the hyaline zones found
in the uroid never produce new pseudopodia (Stockem et al. 1982).
They are not locally produced in the tail region, but arise in the anterior
cell part as lateral blebs or caps of lateral pseudopodia, exactly follow
the relative movement of the principal ectoplasmic cylinder of amoeba
(Grebecki 1984, 1985) and consequently accumulate in the tail, as
observed in the present experiments (Pl. II 4, 6). This means that they
are not built of the freshly filtered hyaline fluid but of the old stabilized
and contractile hyaloplasm.

The reconstruction of the cytoskeletal and contractile MF cortex in
the hyaline blebs could not be yet directly demonstrated by electron
microscopy, even with the most perfectioned fixation techniques, though
it has been postulated (Stockem et al. 1982). But the most recent
applications of fluorescent analog and immunochemical techniques to the
study of A. proteus prove that it is not a pure speculation. In the pro-
caine-treated and pinocytosing cells, fixed and stained with anti-actin
or anti-myosin antibodies, two layers of condensed contractile proteins
are revealed: one as usually along the granuloplasm-hyaloplasm border
and the second on the hyaline territory just beneath the plasma mem-
brane (Stockem et al. 1983 b). In small and completely hyaline pseu-
dopodia of living amoebae the microinjected fluorescent muscle actin po-
lymerizes under the frontal membrane and depolymerizes when it re-
treats (Stockem et al. 1983 a). It was demonstrated with the same
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technique that in amoebae pretreated with procaine, puromycin and
DNP the strongly fluorescent original MF layer detaches from the pla-
sma membrane, the fluorescence of the separated hyaloplasm is initially
weak and diffuse, but afterwards it condenses beneath the plasma mem-
brane in the form of a second fluorescent actin layer (Hoffmann
et al. 1984). It may be concluded from these observations that the hyaline
is really fluid at the moment of its filtration and formation of the bleb,
but in older blebs the reconstruction of the peripheral microfilamentous
cortex is an actually demonstrated fact. From that point of view the
present observations demonstrating the recovery of cytoskeletal and
contractile capacities of the old hyaline blebs are strictly complementary
to the recent data provided by the fluorescence techniques.

The reconstruction of the microfilamentous cytoskeleton in the hya-
loplasm is probably possible because only the polymerized actin is re-
tained by the pre-existing MF layer during the separation of both cyto-
plasmic fractions, whereas the G-actin penetrates onto the hyaline terri-
tory, as postulated by Gawlitta et al. (1980) on the basis of the
behaviour of fluorescein-labeled actin injected into the locomoting amoe-
bae.

It would be very important to learn how long takes the reconstruc-
tion of a new contractile cytoskeleton inside the hyaloplasm. Some light-
microscopic observations suggest that the process may be very quick:
(1) as commonly known, during normal locomotion, an advancing hyaline
front may be transformed within a few seconds into a retracting one;
(2) also a few seconds of arresting the endoplasmic streaming by coun-
terpressure are sufficient to induce the contraction of a frontal cap (G r e-
becka 1980); (3) the same is produced by a localized light stimulus
within about 5 s (Grebecki and Klopocka 1981); (4) in amoebae
recovering from a mild thermic shock (the method of Seravin 1966),
within their enormous hyaloplasm layer, the consecutive sheets are often
seen to detach from the plasma membrane and rejoin the granuloplasm,
at the frequency of 5-10 s (Grebecki, unpublished).

In general, it should be concluded that the hyaloplasm may be con-
sidered as a passively behaving structureless fluid only at the moment
of its separation. The absence of any important cytoskeletal and con-
tractile capabilities of the frontal zones is one of the basic presumptions
of our present concepts of the mechanism of amoeboid movement (G r e-
becki 1981, 1982; Stockem et al. 1983a,b). It corroborates well
with the fact that just in the active fronts the fresh hyaloplasm is still
produced in the tip, whereas the older ome is left behind with the re-
constructed rim of the ectoplasmic tube. On the other hand, the prob-
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ably very easy recovery of the cytoskeletal and contractile properties
by the hyaline frontal caps, allows the front to modulate or obstruct
the endoplasm outflow in the former direction and then reorient the
movement of the whole cell.
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EXPLANATION OF PLATES I-V

Behaviour of the hyaline blebs produced at 27-30°C in 2.5 mM HEPES
at pH 7.5-8.5 (Scale bars: 50 um)

1: Loss of motor polarity by an orthotactic individual after 2 h of incubation
(a) and by polytactic specimens after 2 h (b) and 4 h (c). Note the surface of the
tail (T) becoming as smooth as the front (F)

2: Two motion stages (a and b) of a bulbiform amoeba with numerous hyaline
blebs (black arrowheads) at the tips of former pseudopodia, which spontaneously
produced a coordinated endoplasmic streaming (white arrow) in a new direction
(4 h of incubation)

3: A motionless bulbiform specimen after 2¢ h of incubation, with many old
}l:ya(lli)ne blebs (arrowheads). Note the budding of a secondary bleb (double arrow-
ea

4: A polytactic amoeba (6 h of incubation) accumulating the hyaline blebs in the
tail region (large arrowheads in a). Note the new blebs gradually approaching the
tail along the lateral body walls (small arrowheads). A larger magnification of the
tail of the same specimen, shown in b

5: A bunch of grape-like hyaline blisters accumulated on a retracting pseudopodium
(6 h of incubation)

6: Two stages (a and b) of accumulation of the hyaline blebs (arrowheads) in the
tail of a monotactic amoeba which manifested the fountain movement and trans-
ported the blebs backwards (4 h incubation)

7: Two magnifications (@ and b) of an individual which after 24 h of incubation
produced hyaline blisters over the whole surface by multiple local contractions
of the peripheral cell layer

8: Three magnifications (a-c) of a cell which after 24 h became spherical and
separated many hyaline-filled membrane vesicles

9: An old, almost round, hyaline bleb on the tip of a former pseudopodium of
a bulbpus individual (24 h incubated) with a separation furrow (arrows) along the
granuloplasm-hyaloplasm borderline

10: Two motion stages (a and b) of a bulbiform specimen which, after 8 h incu-
bation period, has been stimulated by localized shade (out of the field of view) to
produce unidirectional streaming of the endoplasm (black arrows). Note the re-

traction of the main cell body and the stability of the hyaline blebs (white arrow-
heads) -

11: The tail of an individual incubated 6 h, with unusually huge hyaline lobes
which are uniformly retracted (large white arrowheads in a-b). Small secondary
hyaline blisters protrude in some places (white open arrows in b) and at a later
stage replace the former lobes (small black arrowheads in ¢)

12: Five motion stages (a-e) of a hyaline bleb filmed from the top (note the
granular core in its centre) producing a secondary bleb on its surface (4 h ex-
posure)

13: A primary hyaline bleb (single arrowheads) which produced the second-rank
(double arrowheads) and third-rank (triple arrowhead) blebs, on the tip of a re-
tracting pseudopodium after 24 h of incubation

14: Three motion stages (a-¢) of a primary hyaline bleb which apparently con-
tracted (black arrowheads) and pumped its content into the secondary blebs (white
arrowheads). The position of all arrowheads is kept constant in respect to the centre
of the primary bleb. Filmed after 6 h of incubation

3 — Acta Protozool. 25/2
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Synopsis. Inhibition of endocytosis in long-term starved Paramecium
evoked by pre-exposure to dichloroisoproterenol (DCI) was studied.
The effect of DCI was dose-dependent and not related to the cells age
and size of the particles to be ingested. The complete blockade of
digestive vacuoles formation was observed at 55-70 uM DCI. Inhibition
was shown to be reversible by washing the cells: ciliates pre-exposed
to 17.5 uM and 70 uM DCI reached 60° and 25%, of control phagocytic
activity, respectively, in 2 h following removal of drug. Ultrastructural
observations carried out on DCI-pretreated cells indicate that intra-
cellular membrane pool indispensable for phagosome formation has not
been impaired by drug action.

It has been just demonstrated by us that dichloroisoproterenol
(DCI) — an antagonist of beta-receptors (Moran and Perkins 1958)
may be used as a drug blocking endocytosis in Paramecium aurelia as
proved in the experiments carried out in the light, fluorescence and
electron microscopy.

The following processes have been observed:

(1) latex particles uptake;

(2) internalization of cycloheptaamylose dansyl chloride complex in the
course of fluorescent labelling of cell surface (Giordano et al
1985);

(3) endocytosis of ruthenium red occurring during simultaneous staining
and fixation of long-term starved cells (Wyroba 1984). All these
endocytic processes have been completely inhibited by pretreatment
of the cells with dichloroisoproterenol (Giordano et al. 1985,
Wyroba 1986).
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The aim of present study was to characterize the DCI inhibition
process and correlate the physiological observations on endocytosis block-
ade with the ultrastructural approach since it has been shown that
phagosome membrane in Paramecium — and in the other ciliates (K1o-
etzel 1974) — is derived from the pool of discoidal vesicles located
in the cytopharyngeal region of the cell (Allen 1974). In the series of
the elegant studies it has been also shown that these vesicles are in-
volved in membrane recycling: the spent vacuole membrane at the
cytoproct is returned directly to the cytopharynx along the cytopharyn-
geal microtubular ribbons in the form of discoidal bodies (Allen and
Fok 1980, Allen 1984). Thus searching for this membrane pool in
ciliates which endocytic activity is completely blocked by dichloroisopro-
terenol may provide some information on the drug action.

Materials and Methods

Paramecium octaurelia, strain 299s maintained in the axenic culture (Soldo
et al. 1966) was used. Four-seven day-old cultures were collected by centrifuga-
tion at 600 g and washed twice with MSS solution (Soldo and Wagtendonk
1967) followed by rinsing with 0.005 M Tris-HCI buffer pH 7.6 containing 0.001 M
CaCl,. Collecting and washing of the ciliates was carried out in aseptic conditions.
The cells were then starved in sterile Tris buffer at 18°C. Dichloroisoproterenol
(DCI — Sigma, USA) pretreatment (for 20 min) and Dow Latex (Serva FRG; DL —
0.79 um in diameter) particles uptake (30 min at room temperature) was performed
as described previously (Giordano et al. 1985).

To check the effectiveness of DCI inhibition of the phagocytic activity depend-
ing on the type and size of particles ingested the following microbeads have been
tested:

diameter (um) type of spheres

0.52 Polystyrene latex (Serva, FRG)

0.79 Polystyrene latex (Serva, FRG)

0.95 Dyed polystyrene monodispersed latex (Polysciences, USA)

1.72 Fluoresbrite-fluorescent' monodisperse carboxylated microspheres (Po-
lysciences, USA)

3.0 Polybead-carboxylate monodisperse microspheres (Polysciences, USA)

4.5 Fluoresbrite-fluorescent monodisperse carboxylated microspheres

(Polysciences, USA)

The uptake of these particles was monitored under the same experimental con-
ditions as used in the case of standard (0.79 um in diameter) latex beads, with
detection of the fluorescent ones in fluorescent microscope.

To test the recovery of phagocytic activity, cells exposed to different con-
centrations of DCI subsequent to washing procedure were left in buffer and at
various time points aliquots of the ciliates were tested for latex uptake. Viability
and physiological state of the cells were microscopically checked prior to, and
during the experiment.

Electron microscopic observations on DCI-treated (3 min action of drug followed
by fixation — staining procedure) and DCI-pretreated cells stained with ruthe-

http://rcin.org.pl



ACTA PROTOZOOL. Vol. 25, No. 2

PLATE 1

auctor phot,

http://rcin.org.pl



PLATE 11

ACTA PROTOZOOL. Vol. 25, No, 2

auctor phot.

http://rcin.org.pl



EFFECT OF DICHLOROISOPROTERENOL ON ENDOCYTOSIS 169

nium red were carried out as described previously (Wyroba and Brutkow-
ska 1978) in parallel experiments. Thus cells overviewed in electron microscope
(JEM 100B) have been the aliquots of the samples used in inhibition test.

Control cells were processed in the same manner with buffer added instead
of DCI.

Results

As it has been shown in previous experiments (Giordano et al.
1985) DCI added simultaneously with particles to be ingested inhibited
almost completely the phagocytic activity of Paramecium cells whereas
pre-exposure to this drug (applied in the same concentration) evoked
a complete cessation of digestive vacuole formation. Thus to characterize
the DCI action, the pretreated cells have been examined. The results

DV/cell{% of control)

1 i 1
} t

; M
20 40 60 80 80!

Fig. 1. Effect of DCI on digestive vacuole formation. The average value of the

digestive vacuoles (DV) formed per cell obtained from = 50 ciliates was expressed

as a percentage of DV number in the controls carried out for each experiment.
Mean number of 3 experiments
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presented below concern about 5000 of cells in which the number of
digestive vacuoles was enumerated.

Inhibition of digestive vacuole formation evoked by pre-exposure of
the long-term starved cells to DCI was dose-dependent (Fig. 1). At 10
and 20 um DCI, number of vacuoles formed was reduced by 40% and
65%0, respectively, as compared with control. A complete cessation of
phagocytic activity was observed above 55 uM DCI. Effect of DCI was
not dependent on cells age when the long-term starved ciliates have
been analyzed (Table 1).

Table 1

DCI evoked inhibition of phagocytosis in relation to cells age and period of starvation — the average
number of digestive vacuoles per cell. Uptake of latex particles (0.79 um in diameter)

Culture age Period of starvation DClI-pretreated

Control l

(days) (hours) (70 uM)
i ,
4 : 18 | 4.66-2.46 ’ 0
4 y 40 4.64-2.95 . 0
5 ; 18 5.80-:3.00 i 0
5 18 | 5.30-2.69 0
5 18 5.40+3.70 0
5 40 4.46+3.39 0
6 18 4.02::2.10 0
6 18 4.26-1-2.82 0
7 18 \ 5294237 0.06
7 18 ; 4.60-2.08 0
7 0

40 | 5.10=:3.05

To check the effectiveness of DCI blocking action in relation to the
particles used for ingestion, 6 types of microbeads of wide range of
diameter (0.52 um to 4.5 um) have been tested (as listed in Materials
and Methods). In all cases drug-pretreated cells showed inhibition
of phagocytosis without any dependence on particles used for uptake
detection.

However, it should be pointed out that the average number of the
vacuoles formed per cell presented in Table 1 was probably not re-
flecting the maximal capacity of the phagocytic activity of the ciliates
as may be suggested from the following experiment. The cells were fed
with latex spheres, washed out and then an excess of carmine particles
was added. Thus two types of morphologically distinct digestive vacuoles
could be produced and observed microscopically. Combined total num-
ber of digestive vacuoles was twice higher than the average obtained
with one type of particles ingested.

The effect of dichloroisoproterenol was reversible when cells have
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:

DV|cell (% of control)
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60 120 180 min

Fig. 2. Recovery of digestive vacuoles formation in DCI-pretreated cells. For each

time point digestive vacuoles formed in ==50 cells were scored and the average

of DV per cell was cxpressed as a percentage of DV number in the controls

carried out in the same time point. A mean number of 3 experiments. a —
17.5 uM DCI, b — 70 uM DCI

been washed and transferred to the buffer (Fig. 2). Recovery process
was depéndent on concentration of DCI used: the cells pre-exposed to
17.5 uM and 70 uM DCI reached 60% and 25% of control phagocytic
activity, respectively, in two hours. When digestive vacuoles forming
capacity was analyzed, a non normal distribution may be found, with
many cells showing no vacuole formation following DCI pretreatment
(Fig. 3).

Their number is decreasing during recovery process proportionally
to drug concentration. A slight modification observed in the vacuole
distribution in control sample may be due to the fact that non-synchro-
nous culture has been used since it was demonstrated that phagocytic
activity is dependent on the cell cycle (Fujikawa-Yamamoto
1983).

Ultrastructural investigation was focused on the cytopharyngeal re-
gion of the cells (Pl. I, II). Discoidal vesicles have been detected in both
DCI pretreated (Pl. I 1) and DCI treated cells (Pl. I 3). Aliquots of these
ciliates derived from the samples showing 100°% and 23% inhibition of
digestive vacuoles formation, respectively.
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Fig. 3. Distribution of digestive vacuoles in DCI-pretreated cells and during

recovery from inhibition. Result of one experiment expressed as percent of cells

in the population of =50 examined (Ordinate). a — control, b — 17.5 uM DCI,
¢ — 35 uM DCI, d — 70 uM DCI

Discussion

Experiments and observations presented in this paper indicate that:
(1) dichloroisoproterenol inhibition of Paramecium phagocytosis is dose
dependent; '
(2) it is not related to the cells age when long-term starved ciliates
have been examined;
(3) cells may recover from inhibition in the time periods increasing
with the increased DCI concentration;
(4) intracellular membrane pool indispensable for phagosome formation
is still available in DCI-treated and pretreated cells.
The dose dependence of inhibiting action of DCI on phagocytosis
has been shown in Tetrahymena (Ricketts 1983, Fok and Shock-
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ley 1985). However, these data are contradictory. The complete cessa-
tion of vacuole formation reported by Ricketts (1983) occurred at
700 pM DCI. In recent studies of Fok and Shockley (1985) it has
been shown that when DCI and latex spheres have been added to cell
simultaneously, DCI above 20 uM inhibited vacuole formation in a dose
dependent manner. When cells were pre-exposed to 40 puM DCI for
10 min before being pulsed with latex beads, vacuole formation was
completely blocked. Upon further exposure to drug cells could recover
from this inhibition. Thus the data obtained by us are consistent with
those of Fok and Shockley (1985) as regards the range of the lowest
DCI concentrations inhibiting the vacuole formation (Fig. 1). On the
other hand, Ricketts working with Tetrahymena pretreated with very
high DCI concentration (300 uM) observed reversibility of inhibition
following washing the cells. Process of recovery of phagocytic activity
observed in this study as well as vacuoles distribution resemble the
data reported previously when restoration of endocytosis abolished by
supravital removal of extemnal part of surface coat was studied (W y-
roba and Brutkowska 1978). This may also suggest that the
attachment phase of phagocytosis was blocked by DCI action.

It has been shown that long-term starved Paramecium cells may
internalize ruthenium red when a simultaneous staining and fixation
procedure has been applied (Wyroba 1984). Endosomes of different
size up to 0.6 um in diameter filled with ruthenium red-OsO, reaction
product were randomly localized in the cytoplasm. A detailed ultra-
structural observation is leading to a suggestion that the detected en-
dosomes may be derived from the discoidal vesicles (Wyroba — unpub-
lished observation). Dichloroisoproterenol pretreatment abolished com-
pletely this endocytosis associated with cell surface staining and gave
rise to the formation of small “empty” vesicles or vacuoles within the
cytoplasm (W yroba 1986). Their appearance suggested that membrane
pool was existing in spite of DCI action. In fact, a pool of discoidal ve-
sicles indispensable for phagosome formation has been detected both
in DCI-treated and DCI-pretreated cells. This seems to indicate that the
effect of beta-reception antagonist was limited to the cell membrane. It
is tempting to speculate that Paramecium membrane may possess mem-
brane B-receptors but further study on this problem is mecessary. Be-
sides, much attention has been recently focused on the process of en-
docytosis. This is mainly due to the fact that many molecules such as
plasma proteins, hormones, toxines and viruses enter the cell by this
pathway (Pastan and Willingham 1983). It seems that living ci-
liate no exhibiting any phagocytic activity may provide an useful model
for cell biology studies by excluding the endocytic entering of the sub-
stances to the cell interior.
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EXPLANATION OF PLATES I-II

I-II: The cytopharyngeal region of Paramecium cell

1: Cell pretreated with 70 um DCI (50 000 <)

2: Control cell (50000X). Discoidal vesicles (d) are attached to the ribbons of
microtubules (m)

3: Ciliate treated with 70 uM DCI (70 0002X)
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Synopsis. Primary exposure to benzodiazepine (diazepam) did not in-
fluence the phagocytotic activity of the Tetrahymena cells directly
exposed, but stimulated it in their progeny generations. Reexposure to
diazepam did not further increase the phagocytotic activity of the
unicellular. It appears that of the two phenomena — functional altera-
tion and imprinting — following upon primary cellular interaction with
molecules acting at receptor level, only the former takes place in the
case of diazepam.

The cell membrane of the Tetrahymena contains receptors capable
of binding hormones of higher vertebrates. These structures are either
integral parts of the membrane, or arise therein under direct hormonal
influence (Csaba 1980, 1981). The first interaction with a hormone al-
ters a given function (e.g.,, the division) of the unicellular so durably
that the functional change persists in many progeny generations. More-
over, hormonal imprinting, which occurs at the primary interaction
between unicellular and hormone, accounts for an increased cellular
response to the latter on reexposure (Csaba 1984). There is evidence
that non-hormone molecules acting at receptor level are also able to
evoke an increased response of the unicellular. Among others the plant
hormone gibberelline, the structurally steroid-like molecule benzpyrene
(Csaba et al. 1982), and the cardiac gloosides digoxin and ouabain
(Csaba et al. 1983) have been shown to induce a hormone-like imprint-
ing in the Tetrahymena. In view of this we speculated that, at the uni-
cellular level, the information value of a drug molecule was neither
greater nor lesser than that of a vertebrate hormone, whence the for-
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mer could as well represent a signal molecule as the latter, if an ade-
quate receptor had arisen for it during primary interaction. To substan-
tiate this hypothesis, we investigated whether benzodiazepines were able
to elicit a functional alteration and induce imprinting in the Tetrahy-
mena.

Materials and Methods

Tetrahymena pyriformis GL cells, maintained for two days in 0.1% yeast ex-
tract containing 1% Bacto trypton medium, were exposed to 10~7 or 10—¢M ben-
zodiazepine (diazepam, Richter, Budapest), for 2¢ h at 28°C, were returned to
plain medium for two days, and were finally placed for one day in Losina-Losinsky
solution (starving) which represents a physiological solution for the Tetrahymena.

PC)
Sl
ost |©
o
PC
10t
ost |¢
o

Fig. 1. Phagocyte coefficients (P.C.) of the Tetrahymena treated by diazepam once

or twice. C — control, D7 — diazepam 10-7, D—® — diazepam 10—°M. X/X —

first treatment/second treatment. Significances related to the control: C/D not

significant, D7/C and D%C — P < 0.02; D?/D? and D¥D? — P < 0.1; D%C is sig-
nificant (P < 0.05) to C/D?
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Subsequently the two pretreated mass cultures and a third mass culture which
had not been pretreated, were divided into two subgroups, for the following treat-
ments:

(1) Cells not preexposed, and fed Chinese ink simultaneously with diazepam
treatment.

(2) Cells preexposed to diazepam for 24 h, but not reexposed to it during
feeding Chinese ink.

(3) Cells preexposed to diazepam for 24 h and reexposed to it simultaneously
with feeding Chinese ink.

Chinese ink was ground, suspended in Losina solution, filtered and fed for 5
or 15 min to cells starved for one day. Chinese ink phagocytosis was arrested by
addition of 4% formaldehyde (in PBS). The cells were cautiously sedimented by
manual centrifugation, the Chinese ink suspension was decanted, the cell sedi-
ment was resuspended in fresh Losina solution, spread on slides, and dried. The
vacuoles were counted in 50 cells on each slide, and the mean value was regarded
as the phagocytosis index (PI). The PI of the control group was related to the
PI-s for the experimental groups to obtain the phagocytosis coefficient (PC), which
is shown in the Fig. 1. Each experiment was repeated eight times, thus each
column in the Figure represents the vacuole count of 400 cells. The inter-group
differences were evaluated for significance by Student’s t-test.

Results and Discussion

The diazepam concentrations 10~7-10°M represent physiological lev-
els of active substance in higher organisms, and — as demonstrated
earlier — for the Tetrahymena as well. In the present study, neither
107° nor 10~"M diazepam increased in itself the phagocytotic activity
of the Tetrahymena on primary exposure. However, the progeny gen-
erations of the directly exposed cells showed a considerable increase in
phagocytotic activity without reexposure to diazepam. Although the
preexposed cells presumably failed to divide in the physiological salt
solution for the lack of nutrients, they had certainly given rise to about
10 new generations during a two-day return to the plain nutrient medium.
It follows that the functional influence of diazepam came into display
in a distant progeny generation.

Diazepam did not, however, give rise to imprinting. The PC of the
5 min reexposed cells did not increase over the PC assessed in the
progeny arisen after preexposure. Thus functional change and imprint-
ing are not necessarily parallel phenomena; it appears that certain
active substances induce either the former or the latter, but never
both.

Benzodiazepine is no specific activator of phagocytosis. Increase in
the phagocytic activity of the benzodiazepin-treated cells merely por-
trayed a behavioral change under the influence of the drug. The univer-
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sality of the change is indicated by our earlier experimental observation
(Darvas et al. 1985) that diazepam had durably altered the mitotic
rate of the Tetrahymena without giving rise to imprinting. However,
it should be noted that, unlike phagocytosis, the mitotic rate was imme-
diately altered — increased by about 40% — by primary exposure to
diazepam. Thus the impact of diazepam on cell behaviour apparently
varies with the type of function.

While primary exposure to 10~7M diazepam always increased the PI
significantly over the control, 10~*M caused only a near to significant
increase. In this light 10~"M may have represented the optimum con-
centration in the given experimental system. It is also remarkable that
the inter-group difference was not significant in any relation after 15-min
feeding of Chinese ink; this may have been consequent upon saturation
of the capacity for Chinese ink intake within that period.

Finally, it should be taken into consideration that in combination
with Chinese ink feeding, reexposure to diazepam lasted only 5 or 15 min,
whereas preexposure always lasted 24 h, during which the change of the
function studied — the stimulation of phagocytotic activity — may well
have taken place.
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Synopsis. Accumulations of Astasia longa in light fields have been ob-
served in the presence of the photosensitizer, methylene blue (10—4M) in
culture medium. The cells show only slight light responses in the
control experiments. Astasia longa also accumulates around the tip
of a capillary filled with methylene blue when irradiated with bright
white light (750 Wm—%2). Track analysis shows that the cells do not
move toward the source chemotactically in a directed fashion but
rather undergo step-down chemophobic responses when they experience
a decrease in the chemotacticum concentration below a certain thresh-
old. Thus, a histogram of the movement in the neighborhood of the
capillary tip does not show a strictly directed movement but rather
a bias towards the capillary.

Many photodynamic effects have been reported to damage or kill
organisms (Ito 1977, Spikes 1982). In some microorganisms, however,
the application of protodynamics dyes causes light-induced motor re-
sponses (Metzner 1920, 1921, 1924, Harayama and Iino 1977).
The colorless flagellate, Polytomella magna, has been demonstrated to
avoid light fields in the presence of the photosensitizers riboflavin and
methylene blue, while it does not show any response to light in the
absence of photosensitizers (Nultsch and Hader 1984, 1985). Sim-
ilar responses were found in high irradiances in Peridiniopsis berolinen-
sis (Hader 1984).

In both cases it could be demonstrated with capillary test tube ex-
periments that the photosensitizer is not bound to the cell and does not

! Permanent address: Nencki Institute of Experimental Biology, Department of
Cell Biology, 3 Pasteur Str., 02-093 Warsaw, Poland
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operate as a substitute for a missing natural photoreceptor. Thus, the
cells do not undergo an induced phototactic orientation as suggested by
Metzner (1921) but rather respond chemotactically to a photoproduct
formed by light in the presence of the photosensitizer.

Photodynamic effects are usually mediated by the photosensitizer
in the triplet excited state. In the presence of oxygen both possible
subsequent pathways (radical formation, type I reactions and singlet
oxygen formation, type II reactions) can produce H,0, as a photoproduct
(Foote 1976, Spikes and Straight 1981, Ito 1983). In order to
discriminate between the two reaction types quenchers of triplet states
(NaN; and KI), the superoxide anion (p-benzoquinone, for type I) and
singlet oxygen, crocetin, for type II) can be applied. Using these quen-
chers it could be shown that the response in Polytomella is mediated
by a type I reaction (Nultsch and Kumar 1984, Kumar and
Nultsch 1985). The reaction type in Peridiniopsis has not been re-
vealed yet (Hadder 1984).

Recently, another colorless flagellate, Astasia longa, has been also
shown to respond to light in the presence of riboflavin (Mikotla j-
czyk et al. 1985). This organism, unlike the closely related green Eu-
glena gracilis, does not show phototactic orientation (Pringsheim
1942, 1948, Pringsheim and Hovasse 1948, Goéssel 1957) but
it shows photophobic responses upon a step-up influence rate (Suza-
ki and Williamson 1983, Mikolajczyk and Kuznicki 1984,
Mikolajczyk 1984). The cells accumulate in light fields of high
fluence rates in the presence of riboflavin. Since NaN; and KI as well
as 1,4-benzoquinone strongly inhibit this response, while crocetin does
not, it was concluded that the response is mediated by a type I reaction
leading to the formation of H;O,. This hypothesis was further supported
by the finding that Astesia longa accumulates around the opening of
a capillary filled with either riboflavin (under high intensity irradiation)
or H,0,. Visual observations of the paths indicated that the cells did
not show a directed chemotactic orientation but rather accumulated by
means of chemophobic response.

The present paper describes the responses of Astasia longa in the pres-
ence of the photosensitizer methylene blue.

Material and Methods

All experiments were carried out with the colorless flagellate, Astasia longa
(Euglenophyta) strain 1204/17D Pringsheim. The cells grew in static cultures in
Bloomington medium at pH 6.9 (Starr 1964). Aliquots of about 1 ml cell suspen-
sion from an exponentially growing culture were inoculated in 80 ml contained
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in a 100 ml Erlenmeyer flask and kept in darkness at 23°C. For the experiments
4 day old cultures in the exponential phase were used when the concentration had
reached a density of about 4.7X10% cells/ml and the pH had reached a value of
about 8.0-8.3.

Methylene blue (Sigma, S. Louis MO) was dissolved in culture medium buf-
fered with 5X10-*M Tris-HCl at pH 8.5. For the experiments the stock solu-
tion of 10~3M methylene blue was diluted with culture suspension to produce
a final concentration of 10—4M. For the controls, appropriate amounts of buffered
culture medium (without methylene blue) were added to the cell suspension.

The response of Astasia longa in light fields was observed in a microvideo
system described in detail by Nultsch and Héder (1984) starting about 2 min
after preparation. A white light field (0.8 mm in diameter) with a fluence rate
of about 750 Wm—2 was focussed into the cell suspension mounted on a microscope
slide sealed with vaseline (Mikoltajczyk et al. 1985). The light field was
produced with a 250 W Prado slide projector (Leitz, Wetzlar) equipped with 24 V
a quartz iodine lamp. The cells were observed using an infrared sensitive b/w
video camera mounted on top of an inverted light microscope (Zeiss, IM 35).
The number of cells in the light field were counted during playback in individual
video frames at intervals of 10 s after the start of the irradiation.

For the capillary experiments methylene blue was dissolved in culture me-
dium buffered to a pH of 8.5 with 5x10—2 Tris-HC] and diluted to the final con-
centration of 10-‘M with culture supernatant. The photosensitizer was sucked
into a capillary pipette (diameter about 200-300 um, length about 80 mm) and the
rear end was sealed with vaseline. The tip of this capillary was inserted in a cell
suspension mounted previously on a microscope slide under a coverslip and sealed
with vaseline. The reactions of the cells were observed under infrared irradiation
(> 780 nm) when the methylene blue preparation in the capillary was irradiated
with white light (750 Wm~=2).

The movement of Astasia longa in the neighborhood of the capillary tip was
followed using a fully automatic, computer-aided microvideo system as described
previously (Hdder and Lebert 1985).

Results

White Light Field Experiments

Astasia longa accumulated in white light fields in the presence of
107*M methylene blue. At the beginning of irradiation only a few cells
were in the light field (Pl. I 1 a). After 90 s about 7 times as many cells
had accumulated (Pl. I 1b). This accumulation was even more obvious
when at that time the iris was opened (Pl. I 1c¢). The time kinetics of
this response is shown in Fig. 1 after about 90 s the accumulation in the
light field reached a saturation. Several minutes later the cells started
to leave the field and the initial value was approached about 4 min
after the onset of the experiment.

4 — Acta Protozool. 252
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Fig. 1. Accumulation and subsequent dispersal of Astasia in a light field (750 Wm~—%)
in the presence of methylene blue (10—4M). Abscissa: time in s; ordinate: number
of cells in the light field (0.8 mm in diameter) as a percentage of the initial

number of cells at the beginning of the irradiation. Open circles untreated control,
closed circles methylene blue

Capillary Test Tube Experiments

When a capillary tube filled with methylene blue (107*M) was inserted
into a suspension of Astasia longa and irradiated vertically with white
light the cells started to accumulate around the capillary tip. After about
1-2 min there is a distinctive accumulation (Pl. I 2 a, b). Accumulations
could neither be observed in darkness or far red light.

Directionality of Movement

In order to clarify the mechanism of response the swimming paths
in the neighborhood of the capillary tip were traced on an acetate over-
lay over the video monitor. The cells did not move in a directed fashion
toward the source of the chemoattractant. They rather responded chemo-
phobically (Fig. 2). Cells which approached the capillary did not show
any behavioral response. When they moved past the capillary and down
the gradient of the chemoattractant they experienced a phobic response.
Sometimes more than one response was observed in sequence.

The directionality of the orientation in the neighborhood of the cap-
illary tip was quantified using a computerized fully automatic video-
system. The microcomputer requested the digitization of an image, located
the position of an organism and followed it for a predefined period of
time. The angle of deviation from the direction of the chemoattractant
source (0°) was recorded in a disk file. After 1000 angles had been ac-
quired a histogram of the distribution was calculated using 64 bins 5.6°
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100 pm

Fig. 2. Pattern of chemophobic response of Astasia when swimming down a gradient
of the photoproduct formed by methylene blue irradiation diffusing out of a cap-
illary in light, The positions were drawn every 100 ms

.

0

RO —————— c 90"

180

Fig. 3. Histogram of Astasia moving in front of a capillary tube filled with meth-
ylene blue, The angles of deviation of the cells from the direction of the capillary
(180°) was binned in 64 sectors. Number of organisms 1000
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wide. The histogram (Fig. 3) indicates that there is not a very directed
movement but rather a bias toward the chemoattractant source. Ob-
viously, the cells do not show a directed chemotactic orientation but
are prevented from leaving the area in front of the capillary. Thus, more
organisms move toward the source than away from it.

Discussion

The results clearly indicate that methylene blue does not operate as
an intrinsic artificial photoreceptor for the cell. Astasia longa rather
reacts to a substance produced by light in the presence of methylene
blue with a chemoresponse. Track analysis indicates that accumulations
are not brought about by a directed chemotactic orientation but rather
by step-down chemophobic responses. Thus, the mechanism of orien-
tation is similar as the one to riboflavin (Mikolajczyk et al. 1985).

Astasia longa responds also to gradients of gases, such as CO, and O,,
dissolved in the medium (Borgers and Kitching 1956). Therefore,
it is important to make sure in the experiments that there are no un-
wanted gas gradients between the capillary content and the surrounding
cell suspension. This was accomplished by bubbling the solutions with
an appropriate gas mixture before use.

It has been shown that the response of Astasia longa to riboflavin
follows a type I reaction (Mikolajczyk et al. 1985), ie. radical
one. The same type of reaction is probably responsible in the case of
methylene blue but this question cannot be decided yet. It has been
demonstrated though, that H,O, causes a chemoresponse in Astasia longa.
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EXPLANATION OF PLATE I

1: Accumulations of Astasia in a light field in the presence of methylene blue.
a — At the beginning of the irradiation, b — After 90 s in light, ¢ — When the
diaphragm is opened (after 90 s). Bar 0.2 mm

2: Accumulation of Astasia around the tip of a capillary tube filled with methylene
blue. a — At the beginning of the irradiation, b — After 120 s in light. Bar 0.2 mm
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Synopsis. Imbalanced mixtures (1:100, 1:50) of two mating types (mts)
of Euplotes vannus were used to find out whether early conjugation
promoting cell interactions (stimulation) between colliding cells are
graded or of the all-or-nothing type. Stimulation effects were quan-
tified by measuring the extensions of Con A binding site fields (OFs)
on the cell surfaces. Doublets were used for discrimination between
rare and abundant cells. Specimens with a low chance to collide with
members of the opposite mt develop smaller OFs than cells with fre-
quent heterotypic contacts. The result is discussed according to step-
wise mutual cell-cell interactions and to asymmetrical collisions.

In ciliates stimulation to conjugation is started when starved clones
with different mating types are mixed. Usually after a waiting period
of 45-60 min as first consequences a typical courtship behaviour and/or
cell agglutination are observed (cp. Miyake 1981). In Euplotes vannus,
the development of typical fields of Con A binding sites (OFs) in the
pairing region of the cells (Lueken et al. 1981) has been found to
precede by far all visible reactions (Lueken and Oelgemdller
1983). Since the OFs represent the very first effects of cell-cell inter-
actions, it has been investigated if they can reflect quantitative differ-
ences in the stimulation state between cells. Graduation of stimulation
was achieved by mixing clones in highly imbalanced ratios. To discrimi-
nate cells of different mating types doublet cells were used.

Material and Methods

Strains belonging to the sibling species complex Euplotes vannus/crassus (M a-
chelon et al. 1984) were originally collected at Naples/Italy. Singlet clones were
B24 (mating type B) and D35 (mt D), the doublet clone 99b4 (mt B). Techniques
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for cultivation and for breeding of desired clones have been reported elsewhere
(Lueken et al. 1981, 1983).

Cells were concentrated to densities of 15-20000 cells/ml by sieving (nominal
aperture size 5 pm). They were mixed after 24 h of recovery in the appropriate
proportions in staining blocks with 1.5 ml total volume. Every series of mixtures
was started simultaneously. Samples were prepared for Con A binding sites when
first pairs appeared. All experiments were performed in a constant temperature
room at 24.5°C.

For visualization of Con A binding site fields (OFs) a newly developed method
with horseradish peroxidase (HRP) was used; for details see Lueken and Oel-
gemdller (1985).

Total extinction of labeled OFs was determined by means of a Leitz MPV
1 microspectrophotometer with the two-wavelength method at 550 and 660 nm,
respectively (Garcia 1962). Lengths of fields were measured on photographic
negatives using a dissecting microscope.

Results

In Plate I representatives of labeled cells from 1:1- and 1:100-
mixtures are shown, with obvious differences in their OFs. Cytophoto-
metric measurements of total extinctions at 550 nm from both samples
are given as histograms in Fig. 1a, b. Cells from the 1: 1-mixture reveal
a rather heterogenous distribution. This has been found to be due to
variation in labeling density of the binding site fields. Nevertheless, it
is clearly to be seen that in the 1:100-mixture the majority of the cells
has developed OFs with smaller total extinctions as compared to cells

n n
a a'
30
101 2 an 201 14
. Sl
| B e | i
151 b 301 b’
107 1:100 20+ 1:100
51 10 -
"6 10 156 20 25 AU 10 20 30 pm

Fig. 1. Distribution of sizes of Con A binding site fields from 1:1 vs. 1:100 mix-
tures, a, b — measured as total extinctions (AU — arbitrary units), a’, b’ — meas-
ured as lengths of longitudinal axes
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from the 1:1 ratio. The same kind of results is obtained (Fig. 1a’,b"),
if, for the same samples, the lengths of the longitudinal axes of the OFs
are taken as a measure for their binding site fields. Therefore the cyto-
photometric method has been replaced by the far less expensive lengths
measurement. In three more experiments with the same procedure (re-
sults not shown) always the same effect was observed: cells taken from
1: 1-mixtures develop more extended OFs than cells from the heavily
imbalanced mixtures.

In the samples with a smaller average of OF sizes some cells reveal
a normally extended binding site field. It is reasonable to suppose that
these cells are members of the mating type that is in the minority. They
should of course have enough opportunity to collide with partners of the
frequent mating type and should therefore develop OFs with normal

30

20 1

104

1:1

1:50

15 28 '3 4R 58 8 e T 89 011 classes

Fig. 2. Distribution of lengths of Con A binding site fields in three mixtures with
different proportions (S: D) of mating types, S — singlet cells, D — doublet cells.
The classes in the abscissa represent: 1 — 2-5, 2 — 5-8, etc, 11 — 32-35 um
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size as cells from a 1:1 mixture. Testing this assumption depends on
the possibility to discriminate both cell types. This has been achieved
by using mixtures with doublets and singlets of opposing mating type.
One experiment of this kind is represented in Fig. 2. The proportion of
doublets had to be enlarged to 1:50 instead of 1:100 since doublets
have a strong tendency rather to swim than to creep on the bottom of
the vessel and therefore are less engaged in conjugation. In the 1 : 1-mix-
ture, singlets and doublets have nearly identical distributions of the
sizes of their OFs. In the imbalanced mixtures, cells belonging to the
frequent mating type express, in the average, smaller fields than their
rarer partners and than cells in the 1: 1-mixture.

Discussion

Cells collide casually soon after mixing. In a highly imbalanced mix-
ture, the frequent cells will rarely meet members of the rare mating
type, whereas these nearly exclusively encounter foreign cells. If already
the first heterotypic contact would lead, by mutual interactions, to com-
plete stimulation, then each cell engaged should develop the Con A
binding site field in the definite extension characteristic for the end of
the prepairing stage (Lueken et al. 1981, Lueken and Oelgemol-
ler 1985). The results of the measurements, however, clearly demon-
strate quantization of stimulation: cells with fewer possibilities to meet
cells with the opposite mating type develop less extended OFs than
cells with frequent heterotypic contacts.

An interpretation on the basis of mutuality in interactions is, that
cells stimulate each other in definite steps, which are equal for both
partners. The differences between members of the rare and the abun-
dant mating types, respectively, then are a function of cell numbers:
cells with frequent heterotypic contacts quickly accumulate enough im-
pulses to develop the final OF, whereas the corresponding impulses for
the other mating type are distributed over a great number of specimens,
each of which can only develop a less extended OF during the same space
of time.

Another interpretation bases on an asymmetry in the collision events:
as an active cell ordinarily moves in forward direction, it touches other
cells predominantly with its anterior tip. Therefore effects of cell con-
tacts will be concentrated there. That is the same region, where mor-
phogenetic responses to stimulation are restricted to (Lueken et al
1981, Suganuma et al. 1984). A causal relationship is suggestive. On
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the other hand, the partners of the encounters have the contact areas
distributed all over their bodies, in the anterior as well as in the posterior
region. A localized expression of the widespread additive stimulation
steps with restriction to the OF area would be in accordance with well-
known capping phenomena. It becomes, however, unlikely by the occur-
rence of one side-labeled doublet cells (Lueken and Oelgemdl-
1er 1985).

Topographically different effects of collisions parallel in a striking
manner important features of mechanostimulus-reception: In the related
Stylonychia mytilus several kinds of ion channels (for K* and for Ca?t)
are unequally distributed over the cell body, with most remarkable
differences between the anterior and the posterior parts (Deitmer
1984, Deitmer et al. 1984). Recently, Con A has been found to in-
hibit a special type of Ca®" channels (Ivens and Deitmer 1985).
But at present, correlations between these electrophysiological data and
conjugation have not yet been demonstrated. Besides, chemoreception
which might affect other electrophysiological events, especially the sur-
face potential, must be taken into account (Tanabe et al. 1984), since
stimulation to conjugation does not occur within a clone, but requires
interactions between mating type different cells.

Graded stimulation within imbalanced mixtures is plausible for
species where in the prepairing interaction direct contacts between cells
are necessary, as in the Euplotes vannus/crassus! group (Heckmann
and Siegel 1964, Luporini et al. 1979, own observations), Oxy-
tricha bifaria (Ricci et al. 1980), Tetrahymena thermophila (Love
and Rotheim 1984). In the latter species, Suganuma et al. (1984)
have demonstrated evidence for graded stimulation in imbalanced mix-
tures. An interesting question is what consequences mt-imbalance may
have when conjugation is induced by gamones that are excreted into
the medium, as in Euplotes raicovi (Miceli et al. 1983, Raffioni
et al. 1985), E. octocarinatus (Weischer etal. 1985); E. patelle (Akada
1985), Blepharisma species (Miyake 1984). Different concentrat-
ions of gamones could lead to differences in the stimulation state, or the
rarer cells could be induced to more intensive production of their ga-
mones, as might be expected from the self-feeding mechanism found in
Blepharisma (l.c.).

! Recently, in E. crassus a small amount of mating pheromone has been found
in the medium (Luporini, personal communication), the function of which for
the induction of conjugation is not yet known.
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EXPLANATION OF PLATE I

Con A binding site fields (OFs) with horseradish peroxidase label on cells
from mixtures with different proportions of members of opposite mating
types. Upper row — proportion 1:1, lower row — proportion 1:100. Prepara-
tion see Materials and Methods. Bar — 10 um
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Synopsis., Using a natural community of Protozoa, with its environment
contaminated with an array of increasing concentrations of lead and
zinc, the effects of these two metals have been studied throughout the
treatment in respect to: (a) the dynamics of the community, (b) the
variability in the number of species and number of individuals of
every species, and (¢) some physico-chemical factors.

The effect of particular metals on biological systems has been the
subject of many studies. Its main ecological significance is reached when
these metals are found at toxic doses. Lethal or sublethal effects are
shown by modification of the community structure in different ways:
morphological, physiological, feeding cycle, growth rate, diversity, be-
haviour. Most of the investigations were carried out referring to: (1) The
direct study of the area affected by this sort of contamination; (2) The
use of experimental cultures of determined species to characterize the
toxic quality of the environment. According to Cairns (1981) there are
several factors which are necessary to understand in order to analyze
these toxic effects, among them: (1) determination of the tolerance of
population development in respect to determined chemical components,
(2) estimation of the grade of transfer of the pollutant into biological
processes. There are two aims which would be necessary to bring about:
(1) Development of techniques to characterize the grade of contamination
in the system, and (2) Improving of other techniques for contamination
prediction.

The effect of lead on living organisms is well known. In higher ver-
tebrates its uptake, either by digestive or by respiratory ways. leads
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to its passage into the blood, which determines an interference in the
synthesis of the hem units for the hemoglobine, leading in its turn to
a reduction of the number of red cells and to a shortening of their life
cycles. In addition, there is a clear interference with the kidney enzymes.
To these facts, the metal accumulation in several tissues is added, spe-
cially in the pulmonary epithelium and the bone tissue, from where it
can recirculate afterwards. Harmful effects of lead have been demon-
strated not only in humans but also in different animals where it often
caused an important rate of mortality. The lead effects on ciliate pro-
tozoa have been experimentally studied by means of cultures, including
clonal ones, of selected species. For instance, it has been shown that in
the case of Colpidium campylum the active minimal dose (AMD) of lead
is 0.4 mg/l (Dive et Leclerc 1977).

According to Knoppert (1976), the maximal possible concentra-
tion of lead permissible in the drinking water is 50 pg/l. A study of
lead accumulation in natural communities of ciliates has recently been
carried out (Corpas-Vazquez et al. 1982, Fernandez-Lebo-
rans et al. 1982, 1985, Antonio-Garcia et al. 1983), with partic-
ular reference to particle size, their accumulation areas, community
dynamics (species, individuals and some physico-chemical factors). Cha-
racterization of such communities (Corpas-Vazquezetal 1983a,b)
pointed out the capacity of some species or groups of ciliate species to
tolerate lead pollution.

Zinc is also a potentially dangerous metal (Goldberg 1973) and
its effects on the aquatic organisms are well known. Thus, in accord-
ance with Cairns and Scheier (1958), the lethal concentration for
50%0 of the population in one species of snail was 0.79-1.27 mg/1 at 20°C
and 0.62-0.78 mg/l at 30°C in soft water. The influence of the tem-
perature on zinc toxicity at low concentrations is clearly shown in many
species, both qualitatively and quantitatively (Pickering and Hen-
derson 1966, Sprague 1970). The effect of high zinc concentra-
tions in fish is separation of the branchial epithelium from its membra-
nous base and, therefore, increasing of the distance for gas diffusion
between water and blood (Skidmore and Tovell 1972). In addi-
tion, the lamellar circulation becomes blocked. These changes lead to
a continuous decrease of arterial oxygen tension, which causes respira-
tory collapse and finally death (Skidmore 1970). A quick increase
of the temperature causes stronger effects due to the increased respira-
tory rate (Burton et al. 1972). The zinc sublethal dose can give rise
to histopathologic effects (Crandall and Goodnight 1963) or
changes in cell enzymatic functions (Hiltibran 1971); even several
steps in cycle life of fish can be inhibited (Brun gs 1971). In accordance
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with Cairns et al. (1975) more studies are necessary about zinc effects
on invertebrates, especially on those which are food of fish. Experi-
mental studies of zinc effects on ciliated protozoa in laboratory culture
show that, for instance, the AMD for Colpidium campylum is 25 mg/l
and the tolerable concentration for Paramecium multimicronucleatum
is 0-56 mg/l (Ruthven and Cairns 1973). The maximal concentra-
tion allowable in drinking water is 100 pg/l, after Knoppert (1976).
A study of zinc action in a mnatural community of ciliated protoza has
recently been carried out (Fernandez-Leborans et al. 1983),
with the analysis of biotic and physico-chemical variations together with
the characterization of the community and finding out the indicative
capacity of some species; in the same work the community was used to
analyze, in addition, separately the lead and mercury effects, and
thereby we compare the results of the isolated action of three different
metals upon the same natural community. The next step in our study
was to analyze the synergic effect of two metals (lead and zinc) on
a community of protozoa living in a natural environment, especially on
the dynamics of the population. The results exposed in this paper help
to reach the forenamed main aims and therefore the characterization
and prediction of this type of contamination is considered.

Material and Methods

The specimens of different species of protozoa used in this study came from
sample collections in Manzanares river, in La Pedriza (Madrid, Spain), near of its
rise, presumably in an area not contaminated with lead. Once the samples were
carried to the laboratory, the concentrations of lead, zinc and other heavy metals
in the environment were measured and found to be not appreciable. The samples
were enriched with sterilized wheat seeds (1 seed/50 ml) and kept at room tem-
perature in the laboratory. In order to accomplish the study proper, the samples
were divided into different recipients (200 ml each) when the number of species
proved to be high enough. Lead acetate and zinc chloride were used in the
following concentrations: Znl, 20 pg/l; Zn2, 100 ug/l; Zn3, 200 ug/l; Zn4, 1000 pg/l;
Pbl, 10ug/l; Pb2, 50 ug/l; Pb3, 100 pg/l; Pb4, 500 ug/l. These concenirations were
then combined in all possible ways when added to the samples; a control was
always used. Every three days the dissolved oxygen, pH and temperature were
measured. In addition, every three days, the different ciliate species were iden-
tified with the following techniques: Protargol (Tuffrau 1967), silver carbonate
ammoniacal pyridinate (Fernandez-Galiano 1976) and silver nitrate (Klein
1958). The individuals were counted in ten fractions, with 250 ml in each recipient.
When the density of individuals was high, decimal dilutions were made. Six
measurements were carried out on each one of these variables.

5 — Acta Protozool. 25/2
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Observations

pH

The control shows an increase of pH in the first three days of the
study and, from the second measurement the pH remains constant,

around 7.5.

3 7 (O O AT DAYSZ 1

Fig. 1. The pH of the fractions: control (1), PblZnl (2), PblZn2 (3), PblZn3 (4),
Pbl1Zn4 (5)

A
8-
1.5
74
8.5 y
. +5
.’; 7 i0 14 17 21 DAYS >
Fig. 2. The pH of the fractions: control (1), Pb2Zn1 (2), Pb2Zn2 (3), Pb2Zn3 (4),
Pb2Zn4 (5)
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Fig. 3. The pH of the fractions: control (1), Pb3Znl (2), Pb3Zn2 (3), Pb3Zn3 (4),

Pb3Zn4 (5)
A
..
7.5
1-
8,5
et a4
2 7 10 14 17 21 DAYS

Fig. 4. The pH of the fractions: control (1), Pb4Znl (2), Pb4Zn2 (3), Pb4Zn3 (4),
Pb4Zn4 (5)

All fractions with Znl (20 pg/l) show a pH increase in respect to
the control; this increase is higher the higher is the lead concentration
added to the environment in the mixture: for instance, with PblZnl
the pH maximum is 7.7 in the fourth measurement, while with Pb4Zn1
it is 8.2 in the same day. In fractions with Zn2, higher pH values are
always found than in fractions with Zn3, independent of the lead con-
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centration in the mixture; generally, the pH does not differ here much
from the control values, excepting that for the fifth measurement, in the
recipient with Pb3.

In fractions with Zn4, the pH values differ notoriously from con-
trol values and they decrease near the end of treatment, showing a slight
recuperation at the third measurement (Figs. 1-4).

Temperature and Dissolved Oxygen

No important variations in these parameters occurred in samples
with metals during the treatment, as compared with the controls. In
all the recipients the temperature oscillated from 14°C to 21.4°C and
the dissolved oxygen from 8.9 mg/l to 10.4 mg/l (Tables 1 and 2).

Population Dynamics

Number of Species and Individuals Throughout the Treatment

Table 3 shows the list of species found. In the control (Fig. 5), there
is a decrease in the number of species and individuals throughout the
treatment although they do not dissapear absolutely (at the end of this
study two species persisted, Spirostomum ambiguum with 8 individuals
and Prorodon hispanicus with 12 individuals/10 ml). The strongest de-

Table 1

The temperature of the fractions throughout the treatment

Bl e 10 e b v A R T
Control 4 | 207 19.5 2081 10202 | 195
{ PbiZnl U T () B 19.5 1905 & f “N20s 19.5
PbiZn2 | 14 | 210 20 Lo 10, 5% SRR ) | 195
PbiZn3 | 14 21.3 20 19: 754 25| %205 19.5
14y AT B Ve | 03 20 20 | 20 19.5
Pb2Zn2 | 14 | 212 20 20 | 195 19.5
Pb2zn3 | 14 | 212 20 [P dois IR 208 19.5
Pb2Znd | 14 | 212 19.5 ; 1958 & 13 205 19.5
Pb3Zal | 14 | 213 20 B L=t I " ¥19.5
Pb3Zn2 | 14 | 210 195, =k o5 LLiN, 20 19.5
Pb3Zo3 | 14 | 212 20 19 | 202 19.5
Pb3Zn4 14 [ %2t 20 195 5205 19.5
Pb4Znl 14 21 19.5 20 21 19.5
Pb4Zn2 | 14 214 20.5 20 e 1 | g/ 193
PbdZn3 I 14 21.2 19.5 19 |8%+20 | 195
Pbiznd | 14 | 212 19.5 19.5 20 | 195
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The dissolved oxygen (mg/l) of the fractions throughout the treatment

Table 2

3 | 10 14 | 17 21
Control 104 | 9 9.2 9.3 9.2 9.3
Pb1Znl 10.4 9 9.25 9.1 9.1 9.25
Pbl1Zn2 10.4 8.9 9.25 9.25 9.1 9.25
Pb1Zn3 10.4 9 9.2 9.25 9.2 9.25
Pbl1Zn4 104 | 89 9.2 9.3 9.1 9.25
Pb2Znl1 104 | 89 9.2 9.2 9.2 9.25
Pb2Zn2 104 8.9 9.2 9.2 | 925 9.25
Pb2Zn3 10.4 8.9 9.2 925" Sl 9il 9.25
Pb2Zn4 10.4 | 89 9.25 9.25 9.1 9.25
Pb3Znl 104 | 89 9.2 9.3 9 9.25
Pb3Zn2 104 | 9 9.25 9.25 9.2 9.25
Pb3Zn3 10.4 8.9 9.2 9.3 9.1 9.25
Pb3Zn4 | 10.4 9 9.2 9.25 9.1 9.25
Pb4Znl | 10.4 9 9.25 9.2 9 9.25
Pb4Zn2 10.4 | 8.9 9.1 9.2 9 9.25
Pb4Zn3 104 | 89 9.2 9.25 9.2 9.25
Pb4Zn4 104 | 89 9.25 9.3 9.2 9.25

Table 3

The list of species found

(1) Vorticella microstoma
s (2) Stylonychia mytilus
(3) Chilodonella cucullulus
(4) Litonotus lamella

(5) Halteria grandinella
(6) Spirostomum teres

(7) Spirostomum ambiguum
(8) Amoeba sp.

(9) Holophrya castellanum
(10) Prorodon hispanicus
(11) Histriculus muscorum

(12) Epalxella mirabilis
(13) Frontonia leucas

(14) Holophrya matritensis
(15) Metopus striatus

(16) Paramecium bursaria
(17) Climacostomum virens
(18) Keronopsis monilata
(19) Caenomorpha medusula
(20) Urostyla grandis

(21) Protospathidium sp.
(22) Actinosphaerium sp.

crease occurred between the fourth and fifth measurement, from 8 to 2
species and from 166 to 27 individuals (number of individuals in 10 ml).

In the fraction PblZnl (Fig. 6) there is a progessive decrease of
individual and species numbers throughout the treatment, with some
stabilization of the number of species between the second and third

measurements. No ciliates appeared in the last measurement.
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1 s
5 f 1 1 l e it i
3 7 10 14 17 21 DAYS

Fig. 5. Number of species (1) and individuals (2) in the control

1 1

!
3 7 10 14 17 21 DAYS

Fig. 6. Number of species (1) and individuals (2) in the fraction PblZnl

In the fraction PblZn2 (Fig. 7), few days after the beginning of
treatment, a quicker disappearance of most species in respect to th2
preceding fraction occurred (in the third measurement of PblZnl there
were 8 species and in Pb1Zn2 there were 4 species). In the fifth meas-
urement no vegetative forms were found, but in the next meas-
urement Actinosphaerium sp. with 12 individuals appeared.

In the fractions Pb1Zn3 and PblZn4 (Fig. 8) the addition of metals
promotes a rapid extinction of all vegetative forms, which never re-
appeared until the end of the treatment.
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7 3 7 10 “ 17 21 DAYS

A

142

100

'—"

8

Fig. 8. Number of species (1) and individuals (2) in the fractions Pb1Zn3, PblZn4,
Pb2Zn4, Ph3Zn4, Ph4Zn4

3 T 0 YT 21 DAYS

The species and individual numbers in fraction Pb2Zn1 (Fig.9) grad-
uately decrease until the sixth measurement where they reach zero.
The number of species between the second and third measurements is
constant (8), as between the fourth and fifth (5).

In the fraction Pb2Zn2 (Fig. 10) no species appears from the fifth
measurement. There is an important decrease of the number of species
and individuals after metal addition (from 11 species and 563 individuals
at the first measurement to 2 species and 44 individuals at the second
measurement). There is a little recuperation at the third measurement
(5 species and 122 individuals).
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AR

3 750 “ 17 21 DAYS

Y

I i i i —— -
1 o 3 ; 10 14 17 21 DAYS

Fig. 10. Number of species (1) and individuals (2) in the fraction Pb2Zn2

In the fraction Pb2Zn3 (Fig. 11) there is an important reduction of
the number of species and individuals after adding the metals (2 species
and 33 individuals at the second measurement); all species disappear
as early at the third measurement. No species has been found in the frac-
tion Ph2Zn4 (Fig. 8) after adding the metals throughout the treatment.
In the fraction Pb3Znl (Fig. 12), there is one species which survives
to the treatment: Paramecium bursaria, which shows 8 individuals at
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Fig. 11. Number of species (1) and individuals (2) in the fraction Pb2Zn3

1

L

12 3 7 10 a7 2 DAYS

—t

Fig. 12. Number of species (1) and individuals (2) in the fraction Pb3Znl

the sixth measurement. There is a remarkable decrease in the number
of both species and individuals after adding the metals in the fraction
Pb3Zn2 (Fig. 13), even a complete disappearance of ciliates at the third
measurement. Then, Epalxella mirabilis with 5 individuals appeared at
the fourth measurement. No vegetative form was observed after that.

In the fraction Pb3Zn3 (Fig. 14), the decrease was a little more
abrupt than in the preceding fraction between the first and second meas-
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ﬂl

Y r-

21 DAYS

13

Fig. 13, Number of species (1) and individuals (2) in the fraction Pb3Zn2

1= 1
14 L, -

3 TR0 14 17 21 DAYS

Fig. 14. Number of species (1) and individuals (2) in the fraction Pb3Zn3

urement, although some vegetative forms remained until the ({ifth
measurement. After adding the metals, no species appeared in the
Pbh3Zn4 fraction (Fig. 8).

In the fraction Pb4Znl (Fig. 15), at the second measurement, there
was only one species, Spirostomum teres, with 21 individuals; at the
third measurement, no vegetative forms have been found, but they
appeared again at the fourth measurement, with Spirostomum ambi-
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3 7 e 4 17 21 DAYS

Fig. 15. Number of species (1) and individuals (2) in the fraction Pb4Znl

-

16 3 7% 0. & 17 2l DAYS

A\

Fig. 16. Number of species (1) and individuals (2) in the fraction Pb4Zn2

guum and Prorodon hispanicus. From the fifth measurement, no pro-
tozoa have been found.

After adding the metals, all vegetative forms disappeared from the
fraction Pb4Zn2 (Fig. 16). However, at the third measurement, Spiro-
stomum teres and Prorodon hispanicus reappeared, disappearing again
since the fourth measurement. In the fraction Pb4Zn3 (Fig. 17), at the
second and third measurements, only Keronopsis monilate was found.
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A

17 3 T 710 H 7 21 DAYS
Fig. 17. Number of species (1) and individuals (2) in the fraction Pb4Zn3

These ciliates were not observed at the fourth measurement, although
they appeared again at the fifth, with less individuals (from 32 to 8).
At the sixth measurement, there were no vegetative forms. No protozoa
were found after adding the metals in fraction Pb4Zn4 (Fig. 8).

Peculiarities of Metal Tolerance in some Species

Vorticella microstoma is present in the control until the fourth mea-
surement (18 individuals). It tolerates the lowest concentrations (Pb1Znl
until the fourth measurement, Pb1Zn2 and Pb2Zn2 until the third meas-
urement). In the rest of the samples it does not appear after adding
the metals.

Stylonychia mytilus and Chilodonella cucullulus are present in the
control until the fourth measurement; they tolerate high lead concen-
trations (they were found in Pb2Znl, Pb2Zn2 and Pb3Znl) but they
cannot tolerate more than 100 pg/l of Zn.

Litonotus lamella, Epalxella mirabilis, Caenomorpha medusula, Uro-
styla grandis and Amoeba sp. do not tolerate metals in the environment,
even at the lowest concentrations used.

Spirostomum teres is present in the control until the fourth meas-
urement. It is resistant to high concentrations of both metals. It tolerates
lead concentrations up to 500 pg/l (it appears at the third measurement
in Pb4Zn2), but it only tolerates until 200 ug/l of Zn. (It does not appear
in any of the fractions with Zn4, but it is found at the fourth meas-
urement in Ph3Zn3).
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The behaviour of Spirostomum ambiguum is similar, although it is
less resistant (they only reach the third measurement in Pb3Zn3). Ho-
lophrya castellanum is extinct at lead concentrations higher than 10 pg/l
and zinc concentrations higher than 100 pg/l. Histriculus muscorum and
Holophrya matritensis can only live in lead concentrations under
100 ug/l for a short time. However, zinc is limitant for these species:
they survive only in fractions up to 20 ug/l of zinc.

Frontonia leucas does not tolerate higher concentrations than Pb2Zn2
or Pb3Znl. Paramecium bursaria can survive higher lead concentrations
even until the last measurement (Pb3Znl). However, it does not tolerate
more than 20 pg/l of zinc. Keronopsis monilata is one of the most resistant
species found. It survives nearly until the end of the experiment in frac-
tions with 500 ug/l of lead and 200 ug/l of zinc.

Conclusions

We found that zinc and lead, acting together, are not tolerated by
the following species: Litonotus lamella, Epalxella mirabilis, Caenomor-
pha medusula, Urostyla grandis and Amoeba sp. They could therefore be
used as indicator of the absence of these metals from the environment.
This fact contradicts previous descriptions where some of these species
(Caenomorpha medusula, Epalxella mirabilis) were found in environ-
ments with high pollution (polysaprobic area, Bick 1972).

Another group of species, which could indicate the absence of me-
dium and high concentrations of both metals, is formed by: Vorticella
microstoma, Holophrya castellanum, Histriculus muscorum, Holophrya
matritensis and Frontonia leucas.

Some other species with high tolerance for medium and high con-
centrations of both metals (Paramecium bursaric and Spirostomum am-
biguum) are similarly tolerant to high concentrations of each metal
separately, as it has been already shown (Corpas-Vazquez et al
1982a, b, Fernandez-Leborans et al. 1983, 1984); thus, they
cannot be used as metal indicators.

Summarizing, the ion more limitant in this interaction Pb-Zn seems
to be zinc; it determine that many species graduately disappear when
its concentration rises. On the other hand, the ciliate population, in
general, tolerates lead better than zinc.
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Synopsis. This paper deals with the description of morphological fea-
tures of various stages in the development of a gregarine species,
Steinina rodgii sp. n., infecting tenebrionid beetle, Scleron reitteri Gb.,
prevailing in Gulbarga University Campus, Gulbarga. The study also
includes the seasonal incidence of infection of this gregarine.

Genus Steinina was created by Léger and Duboscqg (1904) to
include a gregarine species, Steinina ovalis (Stein). The generic charac-
teristies of this genus as stated by these authors are: (1) sporonts solitary,
(2) epimerite a short retractile digitiform process in the early stage and
later becoming flattened transparent button-like, (3) cysts spherical and
dehisce by simple rupture and (4) sporocysts biconical. Later, Ash-
worth and Rettie (1913), Ishii (1914), Watson (1915, 1916),
Zwetkow (1929), Foerster (1938), Hoshide (1952, 1953), Ob a-
ta (1953), Théodoridés and Jolivet (1959), Uttangi and De-
sai (1962), Théodoridés and Desportes (1966) and Théodo-
ridés et al. (1972) have contributed many species to this genus. A chro-
nological list of the gregarine species alongwith. the hosts and locality is
given in Table 1. The study undertaken on the faunistic exploration of
eugregarine parasites of Coleoptera from North-East region of Karna-
taka revealed a species of Steinina infecting tenebrionid beetle, Scleron
reitteri. For the various reasons mentioned in the text of this paper
the species is considered new to science.

68 — Acta Protozool. 25/2
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Table 1

Chronological list of gregarine specics retained in the genus Steinina

Name of the species | Host(s) | Locality
S. ovalis (Stein) Léger and Duboscq | Tenebrio molitor L. larvae l France
(1904)
S. rotundata Ashworth and Reittie | Ceratopsyllus styx Edinburgh
(1913) {
S. obconica 1shii (1914) | Tribolium ferruginum F. Japan
S. rotunda Watson (1915) | Amara angustata Say USA
S. harpali Watson (1916) | Harpalus pennsylvanicus longoir Urbana
| (Kirby)
S. ellipsoidalis Zwetkow (1929) | Phyllotreta undulata (Coleoptera Germany
1 larvae)
S. diaperis Foerster (1938) | Diaperis boleti (Coleoptera) Germany
S. sphearospora Hoshide (1952) | Tenebrio piripes Herbst. | Japan
S. minor Obata (1953) Tenebrionidae larvae | Japan
S. termites Uttangi and Desai (1962) | Termite | India
S. dollfusi Théodoridés and l Caropria subocellata Lap. Guinea
Desportes (1966) | Encyrtus anthraeinus Kr.
S. amarygmi Théodoridés et al. (1972) { Amarygmus morio Fab. Baiyer river
S. maxima Théodoridés et al. (1972) | Gymmopholus gressitti Mersh. l Baiyer river

Material and Methods

Beetles were collected from various localities in and around the Gulbarga
University Campus, Gulbarga. These were dissected and their entire alimentary
canal was taken out on a slide. The smears were made alongwith the intestinal
juice and examined for gregarine infection.

The parasites were studied best in living conditions in the gut fluid contents
to which a few drops of insect Ringer's or normal saline was added. Supravital
stains like Lugol’s iodine was used in dilute condition for the detection of various
stages of gregarine development.

Smears heavily laiden with parasites were fixed in Carnoy’s fluid or ab-
solute alcohol for making stained preparations following Heidenhain’s iron alum
haematoxylin procedure. The gametocysts encountered in the gut smears were
collected by means of micropipette and transferred to a moist chamber to which
the gut fluid and insect Ringer’s solution were added. The development of ga-
metocysts occurred till sporulation. Histological preparations of the heavily infect-
ed whole intestine were made for the study of intra/intercellular developmental
stages of the gregarine, if any.

The illustrations presented in this paper are camera lucida drawings. The
measurements of live specimens and permanent preparations were made by cali-
brated eyepiece.
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Observations

The host Scleron reitteri harbours three species of gregarines belong-
ing to three different genera; Steinina, Xiphocephalus and Gregarina.
Though the site of infection of all three gregarine species is mid-intes-
tine, they vary considerably in their seasonal intensity; Xiphocephalus
prevailing throughout the year, Gregarina only during March to June
and Steinina from September to December. The detailed description of
Xiphocephalus and Gregarina species is given elsewhere (Patil 1982).

Steinina rodgii infects, on the average, about 9% insect hosts. The
infection is observed to be maximum (16%) during November and min-
imum (4%) in September (Fig. 2).

Cephalonts: There is no intra/interepithelial development at any
stage in the life cycle of the gregarine. The youngest cephalont (Fig. 1 A)
encountered in the smears of the gut contents has oval body and measures
about 30 um. The epimerite in it is short retractile digitiform process
and is embedded in sarcocyst of the epicyte. The protomerite is hemi-
spherical in shape; broad at the base where it is separated from the
deutomerite by a concave thin septum. The protomerite width is greater
(20 pm) than the height (12 pm). Due to the presence of compact gran-
ules in its endoplasm it always stains deeply. The deutomerite shape
varies from ovoidal to conical, being wide just below the shoulder. The

Fig. 1. Steinina rodgii sp. n. Camera lucida drawings of different stages of the
development. A — Early cephalont with epimerite embedded in the sarcocyst,
B — Advanced cephalont, C — Sporadin. Note the presence of sarcocyst at the
tip of the protomerite, D — Freshly formed gametocyst, E — Biconical sporocyst
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Fig. 2. Graph showing the incidence of infection

nucleus is spherical measuring 5-6 um in diameter. As the development
progresses (Fig. 1 B), the sarcocyst of epicyte in the epimerite increases
in width and covers more than a half of the protomerite’s tip. The pro-
tomerite and deutomerite also increase in their sizes proportionately.

Sporadins: The sporonts are small and solitary. They are stout-
bodied and obese in shape (Fig. 1 C). The maximum length is 150 pym and
width 95 um. The various ratios are: PL:TL, 1:3.8 and PW: DW, 1:1.2.
The protomerite is almost hemispherical, its width being greater (55 pm)
than the height (20 um). The deutomerite is conoidal or obese, widest
at shoulder and tapering obliquely and gradually to a blunt end giving
it a characteristic mango-like appearance. The nucleus is oval in shape
and measures 25 pm X 22 pm. It is always located in the anterior half
of the deutomerite.

Gametocysts: Most of the gametocysts (Fig. 1 D) are recovered
from the posterior part of the mid intestine. In an early cyst two ga-
monts and a line of association are clearly visible. Cyst wall is smooth and
is about 10 pm thick. These cysts are spherical, white and opaque, meas-
uring 150 pm in diameter. When subjected to moist chamber, they
dehisce by simple rupture on the 3rd day (Fig. 1 E) of their development.

Sporocysts: Sporocysts (Fig. 1 E) are biconical and pot-bellied.
They measure 8 um X 6 um. Eight sporozoites are seen in each spo-
rocyst.

Discussion
Solitary nature of the sporonts, epimerite digitiform, cysts dehiscing

by simple rupture justify their inclusion in the family Actinocephalidae
Léger.
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Further, the specific characteristics, like short and flattened simple
epimerite and bioconical sporocysts observed in this gregarine assign
it to the genus Steinina Léger and Duboscq.

Among thus far known Steinina species, the presently described gre-
garine resembles, only in respect of its body shape, S. minor Obata
(1953) and S. sphaerospora Hoshide (1952). However, the newly de-
scribed gregarine species is quite different in its various body dimensions,
cyst and sporocyst sizes nowhere comparable with those of S. minor
and S. sphaerospora (Table 2). By possessing several unique features

Table 2

Comparative characteristics of Sreinina spp. to show distinctiveness of S. rodgii sp. n.

Comparative | S. minor S. sphaerospora 2

characteristics f Obata ! Hoshide S

Body shape ! Small, obese, ; Solitary, obese, 240 um | Small, solitary, obese,
| 72pm ‘ | 150 pm

Epimerite | Little valuable , Spherical with short ' Short retractile digitiform
[ cone | stalk

Protomerite | Hemispherical ‘ Dome-shaped } Hemispherical

PL:TL ratio | 1:3,3-7.2  1:2.84.5 | 1:3.8

PW:DW ratio | 1:1.0-3.0 1:1.0-1.2 f1:1.2

Nucleus | Spherical Spherical i Spherical

Gametocysts Spherical 65 pum | Ovoidal to spherical, Spherical 150 um diameter
| diameter | 100-140 um diameter |

Sporocysts [ Spherical, 11 um in | Biconical, 8umX6pm,
\ ‘ diameter, 8 sporozoites | 8 sporozoites

Host | Tenebrionidae I Tenebrio picipes | Scleron reitteri Gb.
| larvae | Herbst, I

Locality Hiroshima, Japan! Hikeru, Japan Y Gulbarga, India

this gregarine differs from other known Steinina species. For these
reasons it is considered new to protozoological literature and the name
Steinina rodgii sp. n. is proposed. The specific name is chosen in honour
of Dr. S. S. Rodgi, former Head of the Department of Microbiology
Gulbarga University, Gulbarga, who has contributed much to the know-
ledge of protozoology.
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Synopsis. This is the first record of any protozoan infection in the
larger grain borer Prostephanus truncatus (Horn) and it is caused by
an apparently new neogregarine species from the genus Mattesia.
The infected insects originated from Togo, while the examined colonies
originating from Tanzania and Mexico were healthy. The gametocysts
of Mattesia sp. are ovoid and contain 2 oocysts measuring in water
11.6-140 by 6.2-78 uym and when fixed and stained with Giemsa’s
stain — 9.9-13.0 by 6.2-7.4 um. Infection level ranged from 10 to 38%.

The larger grain borer, Prostephanus truncatus (Horn), was acciden-
taly introduced from Central America to Africa (Tanzania, Togo) causing
serious losses to stored maize and cassava (Hodges et al. 1983). In-
formation on biology and ecology of this insect is minimal and nothing
is known about its natural enemies. Here we report on the first recorded
pathogen of P. truncatus.

Material and Methods

Three strains of P. truncatus are maintained in the Institute of Stored Prod-
ucts Protection of the Federal Biological Research Centre for Agricultural and
Forestry in Berlin-Dahlem. One, maintained since November 1983, was received
from the Tropical Development and Research Institute, Slough, England and orig-
inates from specimens collected in October of 1981 in Tanzania (Arusha region).
The second strain originates from Togo and was received through the German
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Agency for Technical Cooperation Ltd. from Hamburg in January of 1984. The
third strain originates from insects collected by one of us (R.W.) in February of
1984 in Togo (surroundings of Lome). All the strains are kept on maize grain
at 25°C.

In June and October of 1984, adults pupae and larvae of P. truncatus from
these colonies were dissected and their tissues were microscopically examined.
Smears of infected tissues were prepared, fixed in methanol or in Zenker and then
stained with Giemsa’s or Heidenhain’s hematoxylin.

Additionally, it was also possible to examine in September of 1984 samples
from colonies of P. truncatus and Dinoderus spp. kept at the Tropical Development
and Research Institute in Slough, England.

Results

Infected specimens of P. truncatus were first found on 25.VI.1984
in the colony started on 6.II1.84 from insects collected in Togo. The
infection was also present in the colony started on 30.1.84 from insects
also originating from Togo and supplied by GTZ Ltd. The infection
level in both samples was 30-36%. Insects in the colony originating
from Tanzania were healthy. As can be seen in Table 1, all three col-
onies kept at the TDRI in Slough and originating from Mexico, Tan-
zania and Togo were free from infection.

The infection of two Togo strains of P. truncatus kept at Berlin-
Dahlem was confirmed in October 1984 when more insects were micro-
scopically examined.

Various developmental stages of P. truncatus were infected. Although
infections were observed in larvae, pupae and adults, the highest infec-

Table 1

Examined laboratory colonies of Prostephanus truncatus for Mattesia sp. infection

Date of examination and location | Origin of insects and date | Number of insects
of colony of starting culture | examined | infected
25-30.VI.1984 | Tanzania, XI.1983 20 0
Institute of Stored | Togo, 30.1.1984 20 6(38%
Products Protection, Berlin (West) Togo, 6.111.1984 28 10 (36%
17-19.1X.1984 Mexico, 1976 20 0
Tropical Development and Research Tanzania, X.1981 | 24 0
Institute, Slough, Slough Laboratory | Togo, 1.1984 ' 20 0
MAFF, Slough ‘ . |
10-16.X.1984 Togo, 30.1.1984 ; 34 | 7(20%)
Institute of Stored Products Protection, | Togo, 6.111.1984 | 80 8(10%
Berlin (West) |
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tion level was observed- in adult beetles. The low infection level in
larvae is probably due to the fact that they develop inside maize grain
and have little chance to come in contact with infectious oocysts. On
the other hand, adults are active in searching for food, partners to mate
and oviposition, and than have a high chance to acquire infection.

The fat body is the primary site of infection but in some heavily
infected specimens various stages of the parasite were also seen in the
haemocoele.

Various developmental stages of the parasite were observed on smear
preparations. The type of schizogony and the formation of gametocytes
and oocysts indicate that the parasite belongs to the genus Mattesia
(Ophryocystinae, Dischizae, Neogregarinida) as defined by Weiser
(1955).

The macronuclear meronts are rounded (Pl. I 1) and contain 8-12
nuclei. They turn into gametocytes and then into gametocysts (Pl. I 2).
Oocysts (spores) are lemon-shaped (Pl. I 3) and measure in water 11.6-
14.0 by 6.2-7.8 um (mean 12.63X7.0) and when stained with Giemsa’s
stain — they measure 9.9-13.0 by 6.2-7.4 um (mean 11.78<6.8).

Discussion

The genus Mattesia Naville consists of five species parasitizing in-
sects. Three have been described from beetles:

— Mattesia trogodermae Canning (1964) from Trogoderma grana-
rium Ev. (Dermestidae);

— Mattesia grandis McLaughlin (1965) from Anthonomus grandis
Boh. (Curculionidae);

— Mattesia oryzaephili Ormieres et al. (1971) from Oryzaephilus su~-
rinamensis L. (Cucujiidae).

Two other species are known from Lepidoptera:

— Mattesia disporea Naville (1930) from Anagasta kiihniella (Zell.)
and Plodia interpunctella (Hbn.) (Pyralidae);

— Mattesia povolnyi Weiser (1952) from Homeosoma nebulellum
Hbn. (Pyralidae).

The finding of Mattesia sp. in P. truncatus constitues the first record
of any pathogen from this insect. In addition, neogregarine (schizogrega-
rine) infections have not been previously reported in the family Bostrych-
idae to which P. truncatus, the lesser grain borer (Rhizopertha dominica
F.), Dinoderus spp. and others belong. It is, therefore, quite likely that
this Mattesia is a new species, but it needs to be proven by cross in-

http://rcin.org.pl



222 J. J. LIPA and R. WOHLGEMUTH

fectivity studies and the comparison of its life cycle with those of pre-
viously described species. Such studies are planned in the near future,
together with the studies on the possible use of Mattesia sp. in the bio-
logical control of P. truncatus.
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EXPLANATION OF PLATE I

1: Macronuclear meront of Mattesia sp., 1100
2: Maturing gametocyst, 1100<
3: Oocysts (spores) in water mount, 1100X

http://rcin.org.pl



ACTA PROTOZOOL. Vol. 25, No. 2 PLATE I

J. J. Lipa et R. Wohlgemuth auctores phot.

http://rcin.org.pl







ACTA PROTOZOOLOGICA
Vol. 25, No. 2, pp. 223-226 (1986)

Leucocytozoon squamatus sp. n. from Scaly-bellied Green
Woodpecker, Picus squamatus squamatus Vigors

N.C. NANDI

Zoological Survey of India, Sundarbans Field Research Station,
Canning Town — 743329, 24-Parganas, West Bengal, India

Received on 3 December 1984, revised on 30 August 1985

Synopsis. A new species of Haemosporina, Leucocytozoon squamatus
sp.n. from a Scaly-bellied green woodpecker Picus squamatus squamatus
Vigors from Kashmir State, India is described. It is characterized by
round gametocytes (9.6 um by 9.3 um) occurring in a round host cell
in which the host cell nucleus forms a thick band circumscribing about
one half of the parasite’s periphery. A differential diagnosis of the
closely related species has been made along with a review of host
specificity of leucocytozoid parasites.

A survey of the blood parasites of some birds from Kashmir State
(Nandi and Mandal 1978) indicated the presence of a leucocytozoid
in one of four Scaly-bellied green woodpeckers, Picus squamatus squa-
matus Vigors. This parasite is herein described as Leucocytozoon squa-
matus sp. n.

Material and Methods

Blood smears of 4 Scaly-bellied green woodpeckers, Picus squamatus squa-
matus were drawn immediately after shooting in Kashmir State, India, air-dried,
fixed in 100%, methanol and stained with a Romanowsky stain. Mensural data
were obtained from the camera lucida drawings of the parasites drawn on graph
paper (mm division) to facilitate area measurements (um?) by counting the squares
covered. The stage micrometer scale was also drawn on the same graph for nec-
essary linear measurements. Morphometric parameters were measured following
Bennett and Campbell (1975). The measurements are expressed in micro-
meters as means and in parantheses standard deviation values are given.

The Hapantotype slide (Z.S.I, Reg. No. Pt. 2054) will be deposited to the National
Zoological Collection, Zoological Survey of India, Calcutta.
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Results

Leucocytozoon squamatus sp. n.
(Fig. 1 A-E, Table 1)

Type host: Picus squamatus squamatus Vigors (Family Picidae: Order Pici-
formes)
Type locality: Patnitop, Uddampur, Jammu and Kashmir State, India

Immature gametocytes: Gametocytes initiate the develop-
ment on one side of the erythrocyte which becomes round with broad
crescent-shaped host cell nucleus (Fig. 1 E).

Table 1

Morphological parameters of Leucocytozoon squamatus sp. n. expressed as means and standard
deviation

‘ -I_‘f_ngh () ! Width (_y.m) | Area kum’) | Index* ‘
%
i

Macrogametocyte (N = 15) f 9.6 (0.7) 9.3(0.4) ’ 67.0 (5.6) 1.0
Microgametocyte (N = 10) i 9.6 (0.8) 9.0(0.7) 65.8 (6.4) 0.9
Total complex (females) 12.3(1.5) 12.1 (0.1) 105.2 (11.7) 1.5
Total complex (males) 11.8 (0.9) 11.0(0.4) 98.2 (9.8) 1.4
Host cell nuclear distortion | |

(females) | 16.3(2.2) 3.0(0.5) 32.5(7.8) 29
Host cell nuclear distortion |

(males) f 162(1.8) | 3.0(0.5) 324 (6.2) 2.9
Normal erythrocyte (N = 20) | 12.0 (0.8) | 7.0(0.8) 67.0 (3.2) -
Normal erythrocyte nucleus | |

(N = 20) | 6.0 (0.5) 2.5(0.4) l 11.0 (1.0) -

* Indices were calculated following Bennett et al. 1974

Macrogametocytes: (Fig. 1 A-C, Table 1). N = 15. Typically
round parasites measuring 9.6 (0.7) by 9.3 (0.4) and 67.0 (5.6) in area;
sometimes oval measuring up to 12.4 by 8.2 and 76.0 in area. Cytoplasm
coarse with numerous, scattered, smaller round vacuoles, staining deep
blue with Wright's stain. Nucleus usually oval, rarely round, located
eccentrically and measuring 3.3 (0.3) by 1.4 (0.3) and 2.8 (0.4) in area.
Host cell nucleus uniform and characterized by somewhat thick band-
shaped configuration extending nearly 1/2 the parasite’s circumference
and occupying 16.3 (2.2) by 3.0 (0.5) and 32.5 (7.8) in area. Host cell
nuclear index 2.9, parasite index 1.0, and host-parasite index 1.5.
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Fig. 1. Leucocytozoon squamatus sp. n. in Picus squamatus squamatus Vigors.
A-C — Macrogametocytes (MA), D — Microgametocyte (MI), E — Immature ga-
metocyte (IG)

Microgametocyte: (Fig. 1 D, Table 1). N = 10. Usually round
but sometimes oval. The almost round microgametocytes measuring 9.6
(0.8) by 9.0 (0.7) and 65.8 (6.4) in area. The morphological peculiarities —
generally the same as for macrogametocytes but slightly paler cytoplasm
staining with relatively large and diffuse nucleus occupying about 1/3
the parasite’s area. Distorted host cell nuclear index 2.9: parasite index
0.9 and host parasite index 1.4.

Normal erythrocyte: As in Table 1.
Schizogony: Unknown
Vectors: Unknown.

Discussion

Leucocytozoon squamatus to some extent resembles L. fringillinarum,
L. majoris and L. dubreuili in gametocyte morphology but differs in the
appearance of the parasite-induced distortion of the host cell nucleus.
The host cell nucleus of L. squamatus forms a thick band about halfway
around the parasite’s circumference while that of L. fringillinarum has
a cap-like configuration, that of L. majoris is a thin band, one-half to
two-thirds about the parasite’s circumference and that of L. dubreuili is
a thin band connecting two inflated terminal bulbs.

Some 96 species and varieties of Leucocytozoon have been described,
many on the basis of the “one host-one parasite” philosophy prevalent
during the first three decades of this century (Bennett and Laird
1973, Bennett et al. 1982). Experimental evidence, summarized by
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Fallis et al. (1974), has indicated that specificity is at the host familial,
not host species, level. Currently, a combination of morphological charac-
ters and host familial specificity is used for specific diagnosis of this
group (Fallis et al. 1974). Bennett and Cameron challenged the
validity of this concept when they demonstrated that parasites morpholo-
gically consistent with L. fringillinarum (Fringillidae), L. majoris (Pari-
dae) and L. dubreuili (Turdidae) occurred frequently as double or triple
infections in individual birds of the above or different families. How-
ever, these three species of Leucocytozoon are all parasites of families of
the Passeriformes. Fallis and Bennett (1966) were unable to trans-
mit various species of Leucocytozoon across ordinal lines using sporozoi-
tes and natural vectors. Thus, it is unlikely that parasites of the avian
order Passeriformes would be transmitted to members of the avian order
Piciformes. Therefore, the parasite under report with its characteristic
thick band-like host cell nucleus covering about one half of the parasite’s
periphery is considered to be a new species. However, if future study
shows that leucocytozoid parasites of the Passeriformes and Piciformes
are cross-infective, then L. squamatus will fall as a synonym of L. ma-
joris.
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Synopsis. A protozoan parasite Paramyxoproteus reinhardti gen. n.
et sp. n. from the urinary bladder of the Greenland halibut, Reinhard-
tius hippoglossoides, is described. The fish host originated from the
north-west Atlantic off Labrador and the Barents Sea. General pre-
valence and the intensity of infection of fishes by this parasite is
given. In consequence of taxonomic revision, four species hitherto
allocated to the genus Myxoproteus Doflein, 1898 are transferred to the
new genus Paramyxoproteus. These are: P. cordiformis Davis, 1917,
P. hubbsi Moser et Noble, 1977, P. rosenblatti Moser et Noble, 1977,
and P. moseri Kovaleva et Gaevskaja, 1982. Myxoproteus meridionalis
Evdokimova, 1977 is regarded as synonymous with Conispora renalis
Sankurathri, 1977,

Protozoans of the genus Myxoproteus Doflein, 1898, occur in marine
fishes, most frequently in the urinary bladder, sometimes in the gall
bladder. According to the data in the literature, this genus comprises
of 17 species. Among them, generic status of M. myoxocephali described
by Fantham et al. (1940), is being considered doubtful by Sank u-
rathri (1977), Kovaleva and Gaevskaja (1979), and by the
present authoress 1.

In the Atlantic as many as 10 species of Myxoproteus were recorded
as yet. These are: M. formosus and M. scoleciformis from the Celtic Sea
(Kovaleva and Gaevskaja 1979), M. ambiguus off the west coast

1 1t is recommended, to put this species, Myxoproteus myoxocephali Fant-
ham et al. (1940) on the list of “genera incertae sedis” for further taxonomic
examination.
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of France and from the Mediterranean Sea (cf. Kudo 1919), M. cordi-
formis and M. cornutus off the south-east coast of USA (cf. Kudo 1919),
M. hubbsi off the northern coast of South America (Moser and Noble
1977), M. biliaris, M. innae, and M. meridionalis from south-west Atlan-
tic (Evdokimowva 1977), and M. moseri from the same area (Kov a-
levaand Gaevskaja 1982). In the Pacific only 4 species were descri-
bed, namely: M. inexpectatus from the Sea of Japan (Sulman 1966),
M. californicus, and M. abyssus off the coast of California (Yoshino
and Noble 1973, Yoshino and Moser 1974), and M. rosenblatti off
the coast of America (Moser and Noble 1977). Moreover, Sulman
(1953, 1966) described two species, M. caudatus and M. elongatus, from
the White Sea and the Barents Sea, and Zubchenko (1980) noted
the occurrence of Myxoproteus sp. among others in Reinhardtius hippo-
glossoides from north-west Atlantic.

Sankurathri (1977) had found a myxosporidian with sinuous
suture line of the spore in the nephridian tubules of Merluccius produc-
tus, and basing on this character, described a new genus Conispora with
the type species C. renalis, Sankurathri added to this genus also
M. abyssus Yoshino et Moser, 1974.

The myxosporidians found in Reinhardtius hippoglossoides by the
authoress of this paper differ from any other species of Myxoproteus
described so far. Moreover, some features of the spores do not fit the
generic diagnosis as given by Sulman (1966). The observed differ-
ences have inclined the author to suggest the new genus and new species
for them. The name Paramyxoproteus reinhardti gen. n. et sp. n. is
proposed. The distinction of the genus Conispora Sankurathri, 1977 and
of Paramyxoproteus gen. n. give the basis for the revision of the species
hitherto allocated to the genus Myxoproteus.

Material and Methods

The material originated from north-west Atlantic and the Barents Sea. Samples
of fishes from Labrador fishing grounds (53°20° N, 52°20° W) were taken on
June 26, 1976, and those from the Barents Sea (72°84° N, 15°00’ E) on May 6,
1977. The fishes were sent to the laboratory in a frozen condition.

After defreezing the material, scrapings were taken from the urinary bladder
of each fish, and examined under the microscope. The content of the gall bladders
was surveyed too. Totally, 261 R. hippoglossoides were examined, out of this
number 155 specimens were originated from the Labrador fishing ground and
106 from the Barents Sea. Total length of these fishes ranged from 242 to
775  cm and body weight from 75 to 5140 g. In cases of heavy infection some
pieces of the urinary bladder wall or scrapings were fixed in 5 per cent for-
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malin for further examination. The drawings were made on not fixed material.
The measurements were taken from 20 not fixed spores (from two fishes from the
Barents Sea) as well as from 50 spores fixed in 5 per cent formalin (this number
consists of 24 spores from one fish from the Barents Sea and 26 spores from two
fishes off Labrador).

Results

Paramyzxoproteus gen. n.

The spores are inversely pyramidal in shape, most often flattened at
the anterior pole. Some spores show lateral extensions of valves, that
differ in size and shape. The suture is straight, oblique to the longitudinal
axis of the spore (viewed from suture side). Two spherical polar capsules
lie in the anterior part of the spore, in suture plane (slight deviations
are possible). Vegetative stages — plasmodia. These parasites occur in
the urinary system and gall bladder of marine fishes.

Typical species: Paramyxoproteus reinhardti sp. n.

Paramyxoproteus reinhardti sp. n.

Host: Greenland halibut, Reinhardtius hippoglossoides Walbaum, 1792.
Location: urinary bladder. 1
Locality: north-west Atlantic off Labrador, and the Barents Sea.
Infection: The parasite was frequently noted in the examined fishes —
prevalence of infection was 84.7%. Intensity ranged from singular to very
numerous spores. Sometimes even mass infection was observed.

Shape of spores is close to elipsoidal (from suture side), with sharpen-
ed posterior and slightly flattened or rounded anterior end (Fig. 1). At
sides the spore has wide, triangular wing-like widenings. Single, fairly
large, oval nucleus occur in the middle part of each widening. The suture
line is rather clearly marked and straight. It runs through the spore in
the diagonal plane, from the pointed posterior pole to the anterior one,
in front of the polar capsules (Fig. 1, 2, 3). Two fairly big, spherical
polar capsules lie closely to each other in the suture plane near the
anterior edge of the spore. Sometimes the capsules adjoin each other.
Inside them 5-7 coils of the polar filament can be seen. The outlets of
the polar capsules lie at the anterior edge, at opposite sides of the spore
(Fig. 3). Curved, clearly visible nuclei of the polar capsules, lie directly
under the polar capsules. The sporoplasm of the embryo, feebly visible,
occupies the middle and posterior part of the spore.

7 — Acta Protozool. 25/2
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line)

e e e
10 pm

Fig. 2. Spores of Paramyaxoproteus reinhardti gen. n., sp. n. (apical view, slightly
slantly)

Dimensions of spores (in um): length of not fixed spores 20.0-28.0
(25.18 * 2.18) 2, width including lateral extensions 17.2-25.2 (20.12 £ 1.79),
polar capsule diameter 4.4-5.6 (4.84 + 0.30). Dimensions of spores fixed
in formaline: length 20.0-24.4 (22.29 *+1.15), width 15.6-20.0 (17.54 +1.40),

2 Arithmetical mean of the sample and standard deviation.
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20 ym

Fig. 3. Spore of Paramyxoproteus reinhardti gen. n., sp. n. with extruded filaments
(scheme)

polar capsule diameter 4.0-4.8 (4.53 * 0.23). Thickness of spores, diffi-
cult to measure due to lateral extensions, is about 11-12 um. During
the whole time of observation only two spores with extruded polar fila-
ments were found. The filaments measured about 45 ym in one spore,
and about 50 pm in the other.

As the investigation was made on frozen material, the vegetative
stages were difficult to identify.

Discussion

The new genus Paramyxoproteus morphologically closely ressembles
the genera Myxoproteus Doflein, 1898, Conispora Sankurathri, 1977, Bip-
teria Kovaleva, Zubfenko et Krasin, 1983, and Schulmania Kovaleva,
Zub&enko et Krasin, 1983. In all of them, the spores are inversely pyra-
midal or pear-like in shape, with two spherical polar capsules in the
anterior part. Essential differences between these genera concern the
suture line and the situation of polar capsules in relation to the suture
plane. The genera Conispora and Bipteria are characterized by a sinuous
suture line in contrast to a straight one in Myxoproteus and Paramyxo-
proteus, and a straight or waving one in Schulmania. Bipteria spores
possess two big wing-like extensions which are not present in the spores
of Conispora. In both genera, Myxoproteus (cf. Sulman 1966) and Schul-
mania (cf. Kovaleva et al. 1983), the suture line runs perpendicularly
to the polar capsule plane, while in Paramyxoproteus gen. n. it is diago-
nal to the longitudinal axis of the spore and polar capsules lie in the
plane marked by the suture line. Moreover, Paramyxoproteus has no
keel-like membrane running along the suture line, which is distinguishing
character for the genus Schulmania. The suture line direction in the
spore and situation of polar capsules in relation to suture plane are regard-
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ed as important generic characters in taxonomy of Myxospora group.
Taking into consideration that these characters in the examined material
from the urinary bladder of Reinhardtius hippoglossoides are completely
different from the data given in the literature, creation of the new genus,
Paramyxoproteus, seems to be justifable.

Out of 16 species allocated so far to the genus Myxoproteus, four
species show the suture line running diagonally through the spore from
the middle of the posterior end to the front of polar capsules. Such course
of the suture line is known in: M. cordiformis Davis, 1917 from the uri-
nary bladder of Chcetodipterus faber; M. hubbsi Moser et Noble, 1977
from the gall bladder of Coelorhynchus coelorhynchus carminatus; M. ro-
senblatti Moser et Noble, 1977 from the gall bladder of Coryphaenoides
acrolepis and C. filifer, as well as from the urinary bladder and kidney
of C. ariommus and C. armatus; and M. moseri Kovaleva et Gaevskaja,
1982 from the urinary bladder of Salilota australis and Coelorhynchus
fasciatus. As the suture plane in all the species mentioned above is the
same as the one described in Paramyxoproteus gen. n., it is recommended
to transfer these species to the new genus. So, the genus Paramyxopro-
teus would comprise the following species: P. reinhardti sp. n., P. cordi-
formis Davis, 1917, P. hubbsi Moser et Noble, 1977, P. rosenblatti Moser
et Noble, 1977, and P. moseri Kovaleva et Gaevskaja, 1982.

The myxosporidians found in Reinhardtius hippoglossoides clearly
differ from all the species included in this genus. P. hubbsi and P. rosen-
blatti have no lateral extensions, which are present in P. reinhardti sp.
n. Moreover, P. hubbsi spores are about three times smaller (Moser
and Noble 1977). Due to alate extensions the new species mostly re-
sembles P. cordiformis, but differs from the latter by its shape and
dimensions of spores (cf. Kudo 1919). The spores of P. cordifirmis are
about twice as small as the ones in the present material from R. hippo-
glossoides. In the description of P. moseri Kovaleva and Gaevska-
ja (1982) mentioned that the spores had thickened walls. However, the
drawings clearly show that these thickenings differ in shape from alate
extensions of spores in P. reinhardti sp. n. Moreover, in contrast to the
new species, the spores of P. moseri are much more round in shape (view-
ed from the suture side) with polar capsules distant from each other.
Polar capsules of P. moseri are also smaller, measuring 2.2-3.3 um only,
while those of P. reinhardti measure 4.0-4.8 um (in not fixed spores —
even up to 5.6 um).

From the urinary bladder of the same host, R. hippoglossoides, and
from another right-eye flounder, Atheresthes evermanni, Russian au-
thors (Kovaleva et al. 1983) have described a new species, Schulma-
nia quadriolobata. Spores of their species are characterized by the collo-
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cation of the polar capsules which are placed in the perpendicular line
to suture plane, and by the thiny transparent membrane which runs
along the suture in the mid-line of the spore. Paramyxoproteus reinhardti
sp. n. is clearly distinguished from S. quadriolobata by the direction of
the suture line which runs diagonally through the spore, and having no
membrane, as well as with another position of the polar capsules.

Creation of the genus Conispora by Sankurathri (1977) on the
base of sinuous suture line seems to be justifiable. Within this genus
Sankurathri (1977) placed Myxoproteus abyssus Yoshino et Moser,
1974. According to the first description by Evdokimova (1977), and
the redescription by Kovalevaand Gaevskaja (1982), M. meridio-
nalis from the urinary bladder of Merluccius hubbsi having sinuous su-
ture line shows close affinity with C. renalis Sankurathri, 1977 from ne-
phridial tubules of Merluccius productus. Also some other features, in-
cluding spore dimensions and shape, show great similarity. Thus, it is
concluded that these species are conspecific. As the paper by Sanku-
rathri (1977) was accepted for publication on 22nd December 1976 while
the paper by Evdokimova has no such date, the priority has to be
given to Sankurathri’s name. Thus, M. meridionalis Evdokimova,
1977 should be considered as a synonym of C. renalis Sankurathri, 1977.

What concerns other representatives of the genus Myxoproteus, the
suture line course in M. biliaris Evdokimova, 1977 and in M. californicus
Yoshino et Noble, 1973 ought to be reexamined. As for the first one
Evdokimova (1977) noted that the suture line was curved. As far
as the second one is concerned, no clear information on the course of
the suture has been given, what has already been pointed out by S a n-
kurathri (1977). Besides, there are two more species of the genus
Myxoproteus, in which the suture line has not been described at all.
These are: M. ambiguus Thélohan, 1895 and M. inexpectatus Schulman,
1966. As nothing can be said about their proper generic assignment on
the basis of the existing data, they must be left in the genus Myxopro-
teus. :
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Synopsis. The two new myxosporidans (Myxozoa: Myxosporea) Myxo-
bolus mystusius sp. n. obtained from the gill filament and M. mahen-
drae sp. n. obtained from the gill arch epithelium of two fresh water
teleost Mystus vittatus Day and Catle catla (Ham.) respectively, from
West Bengal, India are described. The characteristic spore dimensions
of. M. mystusius sp. n. are 13.18 um X 9.39 uym X% 7.33 pum and that of
M. mahendrae sp. n. are 12.7 um X 10.37 um.

In the course of a detailed survey of the myxosporidans parasitizing
the fresh water fishes of West Bengal, India, two new species of Myxo-
bolus Butschli, 1882 have been recovered from the gills of two fresh
water fishes Muystus wvittatus Day and Catla catle (Ham.) during the
period of May, 1983 to September, 1984.

Material and Methods

The parasites were recovered from the gills of fresh water fishes collected
from the fishermen of Chinsurah, West Bengal and the smears of the parasites
were prepared. Some of the smears were treated with Lugol’s iodine solution to
study the spores in fresh condition and also to detect the iodinophilus vacuole.
The other smears were stained with Giemsa after fixation in absolute Methanol.
A few smears were treated with 5% KOH solution for the extrusion of the polar
filament. The measurements of the fresh spores are taken in micrometers (um).
The Figures were drawn with the aid of a camera lucida (Prism type).

http://rcin.org.pl



236 N. K. SARKAR

Observations

Myxobolus mystusius sp. n.
Description

The cyst and other vegetative forms were not found. The spores
were histozoic, almost lenticular with straight thin suture in sutural
view (Fig. 1 1) and broadly pyriform with rounded posterior and sharp-
ly-pointed anterior tip in valvular view (Fig. 1 2). The shell valves were
two — symmetrical, smooth and thin-walled. The two polar capsules
were convergent, unequal in size and shape — broadly pyriform larger
polar capsule with 8-9 coils of polar filament and narrowly pyriform
smaller polar capsule with 3-4 coils. No intercapsular ridge was present.
Only the filament of the large polar capsule was extruded and measured
about 16.0 um to 20.0 um long (Fig. 1 3). It was ribbon-like. The large
extracapsular space was filled with finely granular mass of sporoplasm
containing a small iodinophilus vacuole and one to two nuclei (Fig. 1 1-3).

Measurements (mean value of 20 fresh spores with range within
the parenthesis is given):

Length of the spore — 13.18 (12.22-13.96)

Breadth of the spore — 9.39 (8.73-10.47)
Thickness of the spore — 7.33 (6.98-7.68)

Fig. 1. 1-3 — Spore of Myxobolus mystusius sp. n. 1 — A fresh spore in sutural
view, 2 — A fresh spore in valvular view showing iodinophilus vacuole — Lugol’s

iodine, 3 — A spore in valvular view showing extruded ribbon-like filament of
the large polar capsule — Giemsa. 4-6 — Spore of Myxobolus mahendrae sp. n.
4 — A fresh spore in sutural view, § — A spore in valvular view — Giemsa,

6 — A fresh spore in valvular view showing iodinophilus vacuole — Lugol’s iodine
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Length of polar capsule (large) — 7.12 (6.28-7.68)

Breadth of polar capsule (large) — 3.59 (2.79-4.19)

Length of polar capsule (small) — 4.05 (3.49-4.19)

Breadth of polar capsule (small) — 1.33 (1.40-1.75)

Diameter of the iodinophilus vacuole — 3.00

Infection locus: Gill filaments

Incidence: Two infected (5-6 mm in length) out of 15 fishes examined

Pathogenicity: Not apparent

Host: Mystus vittatus Day

Locality: Chinsurah, West Bengal, India

Remark: The present myxosporidan with polar capsules unequal in
size and shape, resembles Myxobolus calbasui Chakravarty, 1939 reported
from the gall-bladder of Labeo calbasu (Ham.), L. rohita (Ham.) and
Cirrhina mrigala (Ham.); M. mrigalae Chakravarty, 1939 from the scales
of Cirrhina mrigala (Ham.); M. bhadrensis Seenappa and Manohar, 1981
from the muscles of Labeo rohita (Ham.); M. hosadurgensis Seenappa
and Manohar, 1981 and M. vedavatiensis Seenappa and Manohar, 1981
from the gills, muscles and gills of Cirrhina mrigala (Ham.) respectively.
The former species, however, differs from all the latter species by the
larger dimensions of its spore. Further, the myxosporidan in study, has
closer dimensions of spore with M. clarii Chakravarty, 1943 reported
from the gall-bladder, liver, testis, fat-bodies of Clarius batrachus and
M. barbi Tripathi, 1951 from the skin of Barbus ticto (Ham.) but differs
from them by its unequal polar capsules, pointed anterior end and short-
er, ribbon-like polar filament. The myxosporidan is, therefore, consider-
ed to be a new species for which the name Myxobolus mystusius sp. n.
is proposed after the name of the host.

Muyzxobolus mahendrae sp. n.

Description

The cyst and other vegetative stages were not seen. The spores were
histozoic, almost cylindrobiconical with thin, slightly curved suture in
sutural view (Fig. 1 4) and ovoidal with truncate anterior end in valvular
view (Fig. 1 5). The shell valves were two, symmetrical, smooth and
thick-walled with 5 to 6 triangular markings on the wall. The polar
capsules were broadly pyriform, unequal, slightly convergent, open side
by side but never crossed. The larger polar capsule had 8 to 9 coils
while the smaller polar capsule had 5 to 6 coils of polar filament. The
intercapsular ridge was absent. The extracapsular space was filled with
granular sporoplasm containing two nuclei and a centrally placed large
iodinophilus vacuole (Fig. 1 5, 6).

Measurements (mean value of 20 fresh spores with range within
the parenthesis is given):
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Length of the spore — 12.70 (11.52-13.96)

Breadth of the spore — 10.37 (9.77-10.47)

Length of the polar capsule (large) — 6.98 (6.28-7.33)

Breadth of the polar capsule (large) — 3.73 (3.49-4.19)

Length of the polar capsule (small) — 5.44 (4.19-6.98)

Breadth of the polar capsule (small) — 3.42 (3.14-3.49)

Diameter of iodinophilus vacuole — 4.54

Infection locus: Gill arch epithelium

Incidence: Two infected out of 5 fishes examined (all were just more than

1 kg in weight)

Pathogenicity: Not apparent

Host: Catla catla (Ham.)

Locality: Chinsurah, West Bengal, India

Remark: Only two myxosporidans Myxobolus catlae Chakravarty,
1943 and M. bengalensis Chakravarty and Basu, 1948 have been reported
from the branchiae of Catla catla (Ham.). The present species differs
from M. catlee by its unequal pair of broadly pyriform polar capsules
(equal and pyriform polar capsules in M. catlae). It also differs from
M. bengalensis by its larger dimensions of spore (spore dimensions of
M. bengalensis are 8.56-9.36 X 6.42-6.80) and its truncated anterior end.
Moreover, it is also comparable with M. vedavatiensis Seenappa and
Manohar, 1981 since both have ovoidal spore. However, the myxosporidan
in study is different from the latter species by its anteriorly truncated
spore (anteriorly round spore in M. vedavatiensis) and by the absence of
intercapsular process (presence of large intercapsular process in M. veda-
vatiensis). The present species also resembles M. basilamellaris Lom and
Molnar, 1983 reported from the gills of Cyprinus carpio L. in having
thick-walled shell valve with triangular markings, broadly pyriform
spore and unequal pair of polar capsule but differs from the latter by
the larger dimensions of the spore and polar capsules (dimensions of
spore and polar capsules of M. basilamellaris are 7.3-9.9 X 7.7-12.2 and
2.2-3.3 X 3.2-5.4 and 1.8-3.3 X 2.5-4.4 respectively). The present myxo-
sporidan is, therefore, a distinct species and the name Myxobolus mahen-
drae sp. n. is proposed after my father Late Mahendra nath Sarkar.

Syntypes material of Myxobolus mystusius sp. n. and M. mahendrae
sp. n. on slides no. MXM-8 and MXM-12 respectively are kept in the
author’s collection and will be deposited soon to the Zoological Survey
of India, Calcutta.
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Parastasia fennica (Michajlow, 1966) — D. Chardez: Thécamoebiens des plages
de la Mer du Nord en Angleterre — N. Wilbert: Ciliaten aus dem Interstitial
des Ontario Sees — R. Mathur and D. M. Saxena: Inhibition of Macromo-
lecule Syntheses in a Ciliate Protozoan, Tetrahymena pyriformis by Hexachloro-
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Biochemical Changes of Acanthamoeba Following Attenuation and the Role of
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P. Szczepkowski and P. Muszynski: The Nutritive Factors Affecting
the Growth of the Rumen Ciliate Diploplastron affine in vitro — A, Czapik
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Paratrichodina ajricana sp. n. (Peritricha, T'richodinidae) from Tilapia Fish (Ci-
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