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Maria JERKA-DZIADOSZ

Cortical development in Urostyla. 11.
The role of positional information and preformed structures
in formation of cortical pattern

Rozwdj struktur powierzchniowych u Urostyla. II.
Rola informacji pozycyjnej i struktur preformowanych
w tworzeniu wzoru powierzchniowego

The cortical structures of ciliates consist of the kinetosomes and cilia with accom-
panying microtubular fibers, microfilaments and kinetodesmas. The ciliature form
two functionally differentiated categories: the oral and somatic ciliatures, and usually
two topographic categories: dorsal and ventral ciliatures.

The precise arrangement of all cortical organelles is usually described as the
“cortical pattern”. This pattern is transmitted faithfully from one generation to
another during binary fission, and also is reconstructed in fragments of organisms
created by microsurgical isolation.

The formation of cortical pattern may be arbitrally divided into two processess:

(1) Positioning of the primordia of ciliature, that is the process leading to the
determination of the place of initial appearance of a rudiment of new group of
ciliature, (e.g., AZM).

(2) Differentiation, that is development of a primordium that has already
been established (proliferation of kinetosomes, ordering and morphogenetic move-
ments).

In the literature, the problem of positioning as a process of establishing the site
of formation of a primordium has been considered jointly (except Frankel 1973 b,
1974) with other aspects of cortical development.

The faithful and precise transmission of the cortical pattern, and in a sense, its
independence from the genotype, were among the premises of the ideas that the
cortex of ciliates is autonomous (Tartar 1962, Sonneborn 1963). According to
this idea the factors responsible for positioning, orientation and differentiation
of ciliary primordia are situated within the cortex itself (Wise 1965, Sonneborn
1970 a, b). These notions have been summarized by Gibson: “The precise position

This work was supported by the Polish Academy of Sciences within the project PAN-22,
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240 M. JERKA-DZIADOSZ

and orientation of the new structures with respect to the old structure is determined
by the old organelle or structure and not by the surrounding geography of the new
organelle” (Gibson 1970). That this statement is not true for at least for Hy-
potrichida will be shown in this paper.

Experimental study of localization of oral primordia in different fragments of
heterotrich ciliates such as Stentor, Blepharisma, Condylostoma and Spirostomum
lead to the application of the gradient theory of Child 1941 to ciliate development
(Weisz 1956, Suzuki 1957, Tartar 1961, 1962, Eberhardt 1962, Uhlig 1959,
1960, Schwartz 1963). It was stated that localization and orientation of the oral
primordium depend on induction-inhibition interactions involving cortical fields
and gradients. It was also assumed that the cortical structures themselves
are responsible for the polarization of the cortex and the maintenance of gradient
(Tartar 1962). Many investigations based on the gradients and field hypothesis
(so called pattern hypothesis, Wise 1965) made by numerous authors yielded in-
teresting descriptive data concerning the localization and development of the primor-
dia of new ciliature in many ciliated Protozoa (for Hypotrichs to quote only Hashi-
moto 1961, 1963, 1964, Wise 1965, Frick 1967, 1968, Jerka-Dziadosz and
Frankel 1969, Tuffrau 1970). They, however, did not supply any testable hypothesis
as to the mechanisms by which the primordia are positioned.

In order to analyse the formation and regulation of pattern in multicellular systems
Wolpert 1969 formulated the conception of *positional information™. According
to this a cell differentiates in accordance to its position in the developing system.
This position s specified according to a coordinate system which often is topographic
in character. The system of coordinates is formed by a gradient of some parameter
and by boundary values of that gradient. Regeneration considered in these terms
(Wolpert 1971) means reconstruction or formation anew of positional information
in a disturbed system — that is the reconstruction of boundary values and/or the
form of the gradient. A gradient which gives positional information could be provided
by a ““sink™ at one boundary and a “source” at the other (Crick 1970), the morpho-
genetic substance diffusing between them. The formation of pattern is a two step
process, where (1) a cell specifies its positional information in the coordinate system,
(2) the interpretation of positional information leads to molecular differentiation.

If one passes now from the multicellular system to unicellular system — such
as a ciliate — then one may speak about parts or regions of a cell which acquire
positional information in a coordinate system, which in turn covers the whole
cell.

As far as differentiation is concerned, it is well known that the development of
the ciliary primordia is under the influence of preformed organelles. “‘Ordering and
arranging of new cell structure under the influence of preexisting cell structure” —
Sonneborn 1964 defined as “‘cytotaxis”. That means, that the organization and
selection of gene products are determined by preexisting organelle (Sonneborn
1970 a, b). This conception was supported by the observations on the maintenance
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of polarity by reversed kineties in Paramecium (Beisson and Sonneborn 1965),
and by observations on the formation of new kinetosomes in Paramecium and
Tetrahymena (Dippel 1968, R.D. Allen 1969, Chen-Shan 1969). The study
on the representatives of other groups of ciliates revealed, that kinetosomes may
appear in any orientation with respect to preexisting ones (Grimes 1973 a). Grimes
(1973 c) found that the complete cortical pattern of single and double forms of
Oxytricha fallax can be reconstructed from encysted cells —in which he failed to
detect any kinetosomes. It seems therefore that the positioning of primordia and their
further development may proceed without the “‘help” of preexisting ciliary orga-
nelles.

The first part of this study (Jerka-Dziadosz 1972 b) dealt with the study on
morphogenesis, i.e., formation and development of ciliary primordia in two hypo-
trichous ciliates Urostyla grandis and Pseudourostyla cristata. The present paper
contains an experimental analysis of positioning of ciliary primordia in longi-
tudinal fragments of Urostyla grandis, Paraurostyla weissei and Pseudourostyla
cristata. In the Discussion an attempt is made to describe the formation of the cortical
pattern in Hypotricha in the general framework of positional information in terms
formulated for developing systems of Merazoa by Wolpert (1969, 1971), Lawrence
(1966, 1971 a, b)and Crick (1970).

A sand hill model has been constructed to provide a formal explanation of the
positioning of ciliary primordia in hypotrichs.

Material and methods

Observations presented in this paper were performed on the same organisms as
that described in the first part of this study (Jerka-Dziadosz 1972 b) and in an
earlier paper (Jerka-Dziadosz and Frankel 1969).

Borror 1972 renamed two of the species of Urostyla. Urostyla weissei belongs
now to the genus Paraurostyla Borror, 1972 (Urostylidae) and Urostyla cristata
belongs to genus Pseudourostyla Borror, 1972 (Holostichidae). The organisms used
in this investigations were clones of Urostyla grandis (Ehrbg.), Pseudourostyla cristata
(Jerka-Dziadosz) and Paraurostyla weissei (Stein). Urostyla grandis was collected
in pond on Sadyba (Warsaw, Poland). Pseudourostyla cristata was collected in Zabo-
réw near Warsaw. The culture method for both species were described in the first
part of this study (Jerka-Dziadosz 1972 b). Paraurostyla weissei was collected
in October 1968 from Swan Lake (Johnson County, Iowa, USA).! U. grandis and P.
weissei were kept in sterilized Pringsheim’s solution and fed daily with washed
Tetrahymena pyriformis growing axenically in 29, proteoso peptone. P. cristata was

! Part of the experiments with longitudinal fragments of P. weissei was performed during my
stay in Jowa University Zoology Department, lowa City, JTowa USA.
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fed every other day with dried lettuce infusion incubated with Aerobacter aerogenes
diluted with Pringsheim’s solution.

The organism were operated by hand under a stereoscopic dissecting microscope,
at 60 x magnification. Cells were cut with microknife made from a dental needle.
Ciliates were transected in the Petri culture dish and then immediately passed by
micropipette to a depression slide containing the culture medium. The fragments
were kept in a moist chamber and observed under the dissecting microscope at
intervals. Small groups of fragments were fixed at various times after operation.

The protargol method after Dragesco (1962) with the modification described
earlier (Jerka-Dziadosz and Frankel 1969, Jerka-Dziadosz 1972 b) was used
in this study. The slides were observed under the Leitz Ortholux microscope. Most
of the data presented in this paper are based on stained slides. The observations on
living material were carried out on fragments isolated into small drops of culture
fluid and covered by paraffin oil to prevent evaporation. The observations of wound
healing were made this way. Each stained fragment was drawn in the paper chart,
and photographed at different focal levels. The drawing and the photographed ma-
terial where later analysed.

The sand hill model was prepared from grains of river sand. The sand was sifted
out through double sieve, then washed in running tap water an dried thoroughly.
The diameter of grains was from 1 to 2 mm. In the wet-sand model, small amount
of water was added to the dry sand and “kneaded”, so the moisture was put uni-
formly among the sand grains. The models were prepared from the dry sand as
well as of the wet sand.

Results

Before proceeding to the description of regeneration of fragments obtained by
longitudinal transection, the brief description of morphology and morphogenesis
of the studied species will be given. Detailed descriptions have been published pre-
viously (Jerka-Dziadosz and Frankel 1969, Jerka-Dziadosz 1972 b).

The ventral surface of the studied hypotrichs in covered by the oral and somatic
ciliature. The oral ciliature consists of the adoral zone of membranelles (AZM),
which bounds the (animal’s) left anterior portion of the cell, and two parallel undu-
lating membranes (UM) which mark the (animal’s) right margin of the peristome.
The somatic ciliature contains meridionally arranged rows of cirri, which form
three topographic groups: frontal, ventral and transverse (so called FVT complex);
both the right and left edges of the ventral surface are covered by two groups of
marginal cirri. The dorsal surface is ciliated by several longitudinally arranged dorsal
kineties. Several caudal cirri are situated on the posterior tip of P weissei only.

In all three studied species, as in other hypotrichs, the processes of formation
of the ciliary primordia are very similar in three developmental situations — i.e.,
binnary fission, reorganization, and regeneration of fragments obtained by transverse
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operations. The anterior fragments (promers) and reorganizers form the primordia
in a very similar fashion to proters (except the oral primordium, which forms as
in the opisthe), whereas the posterior fragments — opimers, form oral and cirral
primordia similarly to the posterior product of division. The short description of
the localization of primordia in the reorganizers and regenerating promers or opimers
is given, in order to provide a “control” for regenerating lateral (longitudinally
transected) fragments. All the references to “left” and “right” correspond to the
left and right sides of the ciliate — not to the right and left side of the viewer.
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Fig. 1. Drawings of the ventral surface of the studied species A and D — Paraurostyla weissei,
B and E — Urosiyla grandis, C and F — Pseudourostyla cristata, A, B, C — specimens in first
stage of reorganizational morphogenesis. Open circles represent the frontal, ventral and transverse
cirri, longitudinal lines represent the marginal cirri. The longitudinal fields of fine dots represent
the AZM primordium, located to the left of the postoral ventral row of cirri. D, E, F — cells in
stage 24 of reorganization. The preexisting ciliature is indicated by open circles, while the streaks
which will form the new cirri are shown as thin solid lines. The black fields represent oral
primordia
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In reorganizing P. weissei (Fig. 1 A) the oral primordium (Jerka-Dziadosz
and Frankel 1969) appears on the ventral surface between the first left postoral
ventral row of cirri and left marginal cirri. The primordia of the FVT complex
(Fig. 1 D) are formed with participation of old frontal and ventral cirri. They appear
as a longitudinally oriented ciliary streaks. There are usually 6 streaks (PL I 1).
The marginal primordia are formed within old marginal rows (Pl. II 8). In this
species the preexisting ciliature participates extensively in the formation of the
primordia of cirri and dorsal cilia, whereas the oral primordium (AZM) at first
forms without visible participation of preexisting cirri, and later on the growing
primordium incorporates some of the ventral cirri.

In regenerating anterior fragments and reorganizers of U. grandis the AZM
primordium is formed on the ventral surface posteriorly to the original AZM.
The proliferation of kinetosomes starts around some of the old ventral cirri from the
left ventral cirral row. The growing AZM field incorporates some of the more po-
steriorly situated ventral cirri. To the right of anterior portion of this field, another
longitudinal field of kinetosomes appears — this field joins the disaggregated old
UMs (Fig. 1 B and E). From this longitudinal field two undulating membranes later
differentiate. To the right of the UM primordium the diagonally oriented ciliary
streaks appear. This is the primordium of the FVT complex. The primordia of
marginal cirri are formed as ciliary streaks, each streak situated within one old
right or left marginal row. Development and differentiation of all kinds of ciliary
primordia proceeds in the same way as in dividing animals, which were described
in the first part of this study (Jerka-Dziadosz1972b).

In reorganizers or regenerating promers of P. cristata the AZM primordium
appears at first as a small group of kinetosomes situated to the left of cirri from the
left ventral row of cirri. The extensive proliferation of kinetosomes in the meridian
situated between the left postoral cirral row and the first left marginal row brings
about the formation of a longitudinal field of kinetosomes. This is the elongated
AZM primordium. To the right of the anterior portion of the AZM primordium
a portion of the UM primordium is formed. The other part of the UM primordium
is derived from disaggregating old UM’s. Both parts join and later differentiate into
two parallel UM membranes (Fig. 1 C and F). To the right of the UM primordium
diagonally oriented ciliary streaks are formed — these constitute the primordium
of the FVT complex.

The formation of the left and right marginal cirri in P. cristata differs significantly
from that in U. grandis and P. weissei. The marginal primordia in P. cristata are
formed as a kinetosomal fields primarily situated within one of the seven old marginal
rows on each side of the cell. The primordia of left marginal cirri in reorganizing
cells originate from dispersion of several old marginal cirri from the first (closest
to AZM) left marginal row. The primordia of the right marginal cirri originate from
dispersion of several old cirri from the furthest right (furthest from the AZM) row
of marginal cirri. New kinetosomes are subsequently added in both fields, and each
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differentiate into seven ciliary rows giving rise to the new rows of left and right
marginal cirri.

In the three species studied, in posterior fragments which lack the original AZM
and UM, the UM primordium appears entirely from a single primordium situated
to the right of and parallel to the AZM primordium (Pl. I 3). In small anterior
fragments of U. grandis and P. cristata the AZM primordium is formed from the
posterior portion of the kinetosomal field derived from disaggregation of the old

UMs (PL. I 2, 4) (compare the regeneration patterns in Keronopsis rubra described
by Jerka-Dziadosz and Janus 1972).

Wound healing and cortical deformations
after longitudinal transections

The fragments obtained by longitudinal transections may behave in different
ways, causing several kinds of disturbances in arrangement of cortical structures.
The differences are not species specific, and seem to depend only on the size of a
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Fig. 2. Drawing of the ventral surface of the studied kinds of fragments derived from longi-
tudinal transection. The dotted lines represent arrangement of ciliature in fragments. For explanation
see the text
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particular fragment. The same kinds of cortical deformations were observed in all
three studied species.

Wound repair “in situ” (Fig. 2 A)

This mode is realized by large fragments obtained by excision of a long narrow
slice on the lateral side of a ciliate. Such fragments do not change their shape signi-
ficantly during healing. The longitudinal, meridional arrangement of cirral rows
remains unchanged (at least in the anterior region, where the new primordia are
going to be formed). There is a slight contraction of the wounded margin, as a result
the posterior-most cirri can be shifted to the margin (Pl II 5).

Slow constriction of the wound (Fig. 2 B)

This mode of wound repair occurs in most of the lateral, slightly oblique fragments.
During the 2 h between the operation and the formation of the oral primordia,
the wounded margin slowly contracts, and as a result some translocations of ciliature
take place. Usually the fragments round up the undamaged margin.

Wound repair by folding two parts of the wound (Fig. 2 C)

This mode of healing is realized by long thin lateral fragments which fold together
two parts of the damaged margin. This happens very fast — usually during the passing
of fragments in the micropipette from the culture dish to the three spot depression
slide. That means that the wound is healed during a few minutes. As a result the
wounded part is located in the middle of fragment. There are considerable transposi-
tions in the arrangement of the ciliature. The frontal and transversal cirri can come
to be located in close neighbourhood to each other (PI. II 6, 7). Very often a frag-
ment may possess only one kind of marginal cirri (left or right) on both margins
of the fragment as well as on the anterior and posterior ends of the fragment.

Rotating

This mode of reaction after operation is also performed by thin longitudinal
fragments (possessing only marginal cirri). Immediately after operation they start
a rapid rotating movement around the long axis and become spherical during 15-20
min. Such fragments desintegrate without visible sings of regeneration. This kind
of reaction to the operation occurs mainly in U. grandis where most of small lateral
fragments do not regenerate (see also Jerka-Dziadosz 1964).

Formation of primordia on lateral fragments

In this section the formation of oral and cirral primordia in different kinds of
longitudinal fragments will be described in following order: (1) Large fragments
with excised left or right margin, (2) Right lateral fragments, (3) Left lateral frag-
ments. In each subsection fragments of P. weissei, U. grandis and P. cristata will
be subsequently described.
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Regeneration after lateral excisions

The aim of the performed operations was to describe the formation of oral and
cirral primordia (particularly the marginal primordia) after excision of this old row
(rows) of marginal cirri, which normally participate in formation of the primordia
of marginal cirri. In this section fragments repairing the wound *in situ” will be
considered.

Paraurostyla weissei

In fragments of this species, after excision of the left margin, the formation of
oral primordia starts about 2.5 h after operation. The AZM primordium appears
in the same place as in reorganizers (Fig. 3 R) as a longitudinal field of kinetosomes,
situated close to the left postoral row of ventral cirri. Anteriorly and to the right

Fig. 3. Drawings of the ventral surface of Paraurostyla weissei. In the center — arrangement of

ciliature in interdivisional specimens. L — left, R — right longitudinal fragments in stage 3-4

of regeneration. The old ciliature is indicated by open circles, while the streaks which will form
new cirri are shown as solid lines and fields are represented by fine dots

of this field, another longitudinal field is formed, which later joins the field of kineto-
somes originated from dispersion of the original UMs. This compound field con-
stitutes the UM primordium.

The FVT primordia appear as meridional ciliary streaks. The first three streaks
originate from disaggregation of frontal cirri No. 4, 5 and 6, the next three form
within the rows of ventral cirri situated to the right of the frontal cirri.

The primordium of the right marginal cirri is formed within the old marginal
row, in the mode described for the reorganizers (see Pl II 8). The organized primor-
dium appears as a ciliary streak (PI. 111 9).

In the same time, on the left wounded margin, where there are no old marginal
cirri left the primordium is nevertheless formed anew at the topographical edge
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of the animal. The primordium appears as a longitudinal field of kinetosomes —
instead of a ciliary streak (Pl III 9, 10). The development of both left and right
marginal primordia proceeds almost synchronously.

In fragments of P. weissei with the right marginal row of cirri removed, the oral
and FVT primordia are formed in a similar way as in reorganizers and promers
(Fig. 3 L). Also the left marginal primordium appears in usual way as a streak situated,
in the old left row of marginal cirri. On the right margin where there are no margi-
nal cirri left — the primordia form anew without visible participation of old struc-
tures, on the topographic right margin of the fragment. In later stages of rege-
neration both left and right marginal primordia look much alike (P1. III 12).

Urostyla grandis

Fragments of U. grandis with removed left margin, form the oral, FVT and right
marginal primordia in usual manner. The AZM primordium is formed as a longitu-
dinal field of kinetosomes situated to the left of the left postoral row of ventral
«cirri (PL. III 13). Anteriorly and to the right of this field the UM primordium is
formed. The old UMs undergo dispersion and the kinetosomes become incorpora-
ted into the UM primordium. Diagonally oriented FVT streaks are situated in a
ladder-like form parallel and to the right of the UM primordium. The primordia
of the right marginal cirri originate as seven kinetosomal streaks — each situated
in an old row of marginal cirri. On the left side, where there are no old marginal
cirri remaining a small field of kinetosomes can be observed in early stages of rege-
neration (compare Pl. V 20). This field is very soon replaced by kinetosomal streaks.
It is not clear, whether each marginal streak originates from separate small field,
or one field differentiates into seven marginal streaks. The development of the
primordia on the operated margin is slightly delayed in comparison to the primordia
formed on the unoperated right margin.

The fragments of U. grandis in which the right margin was cut off, are deprived
of one to several right rows of marginal cirri. The oral, FVT and left marginal pri-
mordia originate in a usual way. Depending on how many of the old right marginal
rows of cirri remained in the fragment, the same number of new right marginal
streaks form primarily within the old row of cirri on the wounded margin. The rest
of the streaks are formed on the marginal surface lacking old marginal cirri.

In fragments completely lacking the right marginal cirri a kinetosomal field
was observed next to the posterior right portion of the FVT primordium (Pl. VIII
30, 32). This field probably gives rise to the primordia of the right marginal cirri.
All fragments fixed after the end of regeneration possess the complete ciliature.

Pseudourostyla cristata

Operations described above were performed also in P. cristata. In this species,
as has already been mentioned, the primordium of the seven left marginal rows
of cirri originates as a single kinetosomal field derived from disagregation of a few
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cirri from one (closest to AZM) row of old marginal cirri. The primordia of right
marginal cirri appear also as a single kinetosomal field, which is situated at the
right margin, within the right most old marginal row (compare Fig. 1 C and F).

In fragments with the left margin excised in such a way, that the first row of left
marginal cirri, which participate in morphogenesis, is not destroyed or missed —
the whole process of morphogenesis proceeds as in reorganizers. All primordia
are located in usual places (Pl. III 11) which means that removal of an uncompetent
region of the cell does not cause any shift in the position of primordia.

When the ciliates were operated in such a manner that the right margin was re-
moved the primordium of the right marginal cirri is formed in the right most row
of the old marginal cirri, which was left on the fragment. That means that the position
of the right marginal primordium is slightly shifted toward the FVT primordium.
(These two primordia instead of being separated by 6 right rows of marginal cirri —
may be separated by two or three rows only). The oral, FVT and left marginal pri-
mordia are formed at their usual places (PL. IV 14, 15, 16).

In P. cristata the primordium formed on the wounded right margin develops
slightly later (or slower) than the primordium on the left margin. Photograph 15 on
Pl. IV represents a fragment fixed in stage III of primordia formation. The left
primordium is seen as a longitudinal field of kinetosomes, whereas the right marginal
primordium is seen as a delicate kinetosomal row (Pl. IV 14). In a frag-
ment (Pl. IV 16) fixed in a later stage of development, the large, left marginal field
is in the beginning of differentiation of streaks. In the same cell on the right (wounded
margin) the kinetosomal field is much smaller, however, the beginning of streak
organization can be noticed.

The experiments described above, repeated several times with similar results,
clearly indicate that the primordia of marginal cirri are formed on the topographic
margin of the fragments, no matter which cirri, (if any) are present there.

The second important observation, is the delay in development of the marginal
(and also dorsal Jerka-Dziadosz unpubl.) primordia on the wounded margin.

The third conclusion is that the site of formation of the oral and FVT primordia
are not shifted in fragments with a removed margin.

Formation of primordia in right fragments

In this section the right fragments of U. grandis and P. cristata will be described.
By right fragments are meant the animal’s right part resulting from longitudinal
transection. The right fragments of P. weissei do not contain nuclear apparatus,
and therefore do not regenerate.

Urostyla grandis

In the right fragments obtained after logitudinal section along the central
meridian of the ventral surface, in which the wound repair occurs in situ (Fig. 4)
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the AZM primordium is formed near the wounded margin (Pl. V 17). The primor-
dium first appears as a small group of kinetosomes located near to the cirri from the
postoral part of the ventral cirri. On the preparations made in later stages of rege-
neration it can be seen that such fragments are able to form all of the kinds of ventral
primordia (and dorsal primordia, Jerka-Dziadosz unpubl.). The arrangement
of new structures after stage V does not differ from the arrangement of new structures
in reorganizers. Presumably the left marginal primordia are formed on the territory
which previously belonged to the dorsal side. However, a regulative growth of the
ventral surface to form of a new left margin is not ruled out.

In smaller right fragments of U. grandis, in which the line of operation runs
more laterally — that is in fragments devoid of ventral cirri (Fig. 4 A R), the oral
primordium is formed near the wounded margin. The primordium of the AZM
appears close to the left most row of marginal cirri, on its left side. The development
of the primordium is generally similar to that in normal development.

The fragments of U. grandis which fold two parts of wounded margin will be de-
scribed now (Fig. 4 B R). In right folded fragments of U. grandis which arise from
longitudinal transection along the central meridian, the row of ventral cirri present
in the fragment form an arc which is convex toward the right side (P1. VI). This defor-
mation in arrangement of old ciliature is caused by the folding up the two parts
of the wounded margin.

The formation of oral primordia begins with the appearance of a kinetosomal
field located to the left of the curved ventral cirri. At the same time the disaggregation
of old UMs and frontal cirri close to them occur (Pl. VI 21, 22). Those two groups
of kinetosomes form the AZM and UM primordia. To the right of them the primor-
dia of FVT subsequently appear. As can be observed on the phot. 21 and 22, the pri-
mordia follow the curved ventral cirri. The primordia of the right marginal
cirri form within old right marginal cirri, and in the first stages of regeneration they
also follow the curved line of their predecessors. Later on — both oral, FVT primor-
dia and right marginal primordia straighten up — according to the new shape
of the cell.

The primordia of the left marginal cirri are formed in similar mode as in large
fragments in which the left margin was removed (sse previous section). A kinetosomal
field appears to the left of the AZM primordium (P1. V 20). From this field the left
marginal streak originates. The primordia formed at the wounded margin develop
slightly later, than those on the intact right margin. Fragments fixed after regenera-
tion possess all elements of the ciliature. One particular fragment of U. grandis will
be described now. This fragment possess all seven right rows of marginal cirri,
both ventral rows, and also one row of the left marginal cirri (Pl. VI 23). The frag-
ment has folded two parts of wounded margin in such a way, that the transverse
cirri appear on the left side of the original AZM, and the ventral row of cirri form
U-shape angle. The fragment was fixed in the stage III-1V of regeneration. Localiza-
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tion of two kinds of primordia are conspicious: First, the oral primordium is situated
parallel to the first postoral cirral row of ventral cirri. The primordium follows the
U-shape of this cirral row. Considering the location topographically, the oral pri-
mordium runs posteriorly from the original AZM, then turns and runs anteriorwards
parallel to the original AZM. The first row of left marginal cirri is situated to the
left of the AZM primordium. The second striking observation is that the primordium
of the left marginal cirri is situated within this row. That means that the primordium
of the left marginal cirri is not situated on the topographic margin of the fragment
but is situated between two parts of the AZM primordium, in the place marked by
the old marginal row. The UM, FVT and right marginal primordia are also located
within appriopriate old ciliature. It should be pointed out here that the frag-
ment is spherical, so the “preexisting” topography is grossly destroyed. The pre-
existing AZM may mark the anterior part of the anterior-posterior axis of the
animal from before the operation. During later development the fragment reac-
quire the dorso-ventral flattening and all the cirral rows straighten up to form
the normal meridional arrangement. The photograph 24 represents a fragment fixed
in a slightly later stage of development. It can be noied that the posterior part of
the oral primordium has moved anteriorwards replacing the original AZM.

The small right lateral fragments of U. grandis deprived of ventral cirri will
be now described. In studies published earlicr (Jerka-Dziadosz 1964) it was
observed that small lateral fragments of U. grandis were not able to regenerate.
This problem has been restudied. The following experiments were performed. Small
lateral fragments (possessing only a few marginal rows of cirri) were cut off from
large interfission animals and then isolated into depression slides. Each depression
contained about 10 to 15 fragments. Most fragments did not folded two parts of
the wounded margin, but instead rotated rapidly around their long axis. As a result
they appeared spherical within 15 min, and usually did not regenerate. A few fragments
had rounded up and were fixed 2-3 h after operation. Among well stained fragments
only two having ciliary primordia were found. Both fragments will be described now.

The photograph 25 on Pl. VII shows a small right fragment, which possesses only
a few of the old right marginal cirral rows. The fragment rounded in such a way,
that the cirral rows bound all sides of the fragment. In the middle of the ventral
side a group of kinetosomes can be observed. The anterior part of the kinetosomal
field is directed toward the left. In this part of the primordium the beginning of
membranelle formation can be observed. To the right of this group, a thin longitu-
dinal field of kinetosomes appears which on the basis of its location can be considered
as the primordium of UM. To the right of that field, a line of kinetosomes is in the
beginning of formation of the FVT primordium. The primordia of marginal cirri
are not yet seen.

Photograph 26 on Pl. VII represents another small right lateral fragment of
U. grandis in which the primordia are more advanced in development. The distribu-
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tion of the cirral fibers speaks for the statement that it really is a right fragment?.
In this fragment three kinds of primordia can be seen in the middle of the ventral
surface. The longitudinal, wide field constitute the AZM primordium. Parallel to it
is situated a thin field of kinetosomes forming the UM primordium with the charac-
teristic fork-like branch in its anterior region. To the right from the oral primordia
the kinetosomal streaks of the FVT primordium are seen.

From the data presented above it can be concluded that small lateral fragments
of U. grandis are able to form oral and cirral primordia. That means that the very
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Fig. 4. A schematic representation of the position of primordia in different types of lateral fragments

of the studied species. The black fields represent the oral — FVT primordia, the dotted fields repre-

sent the mariginal primordia. A — left (A-L) and right (A-R) fragments which heal the wound

in situ. B— left (B-L) and right (B-R) fragments which folded on the two parts of the wound.

S-R and S-L — theoretically deduced placement of primordia in folded fragments which have

been “straightened”. Note the position of the two marginal primordia at the same meridian. N —
normal pattern

limited capacity of small lateral fragments to regenerate is not due to the inability
of such fragments to form primordia. It should be recalled here, that all lateral
fragments of this species possess nuclear apparatus.

2 Each marginal cirrus of U. grandis, P. cristata and U. weissei possess three kind of fibers,
the biggest and most prominent is the tangential fiber which is directed anteriorwards and to the
animals left. Compare phot. 35, see also Tuffrau 1965, and Grim 1970.
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Pseudourostyla cristata

The right fragments of P. cristata obtained after longitudinal section along the:
central meridian usually fold up the two parts of the wound, and therefore the trans-
verse cirri come to be located right next to the frontal cirri. Such fragments usually
possess a rounded shape. The middle of the ventral side is occupied by the folded
U-shaped rows of ventral cirri. The margins of the fragments are covered by only
one kind of marginal cirri, namely the right ones.

In the first stage of morphogenesis small groups of kinetosomes appear to the
left of the cirri of the ventral row, which are located on the middle of the fragment.
The proliferation of kinetosomes proceeds further and as a result the oral primordium
elongates and follows the curvature of the ventral cirri row. Photograph 33 on Pl
IX represents a fragment with well developed oral primordium. In the anterior portion
of this primordium the membranelles of the new AZM differentiate. It should be
stressed here that the direction of curvature of the AZM primordium is opposite
to the direction of its curvature in newly divided cells (or in cells which have finished
regeneration). (Fig. 4 B R).

The primordium of the FVT cirri in the fragments in question are formed paralle]
to the oral primordia. They also are curved according to the oral primordium,

During development the “straightening™ of primordia takes place. The old
cirri situated on the path of developing primordia are incorporated into the primor-
dium or resorbed.

The primordia of marginal cirri are formed on the topographic margins of the
fragment, in the same position in relation to the position of the FVT primordia as
in reorganizers. The primordium of the right marginal cirri is formed on the right,
unoperated margin, within the old most right marginal row. The primordium follows,
the old row while developing. The straightening of new marginal rows occurs in
later stages of morphogenesis, when the left margin of the cell grows. The primordium
of the left marginal cirri originates as a kinetosomal field, situated to the left of the
AZM primordium). The left marginal primordia are usually slightly delayed in
development in comparison to the right marginal primordia. They originate and
develop according to the reconstituted anterio-posterior axis of the animal, parallel
to the straightened primordium of the AZM (Fig. 4 B-R).

In the small right lateral fragments of P. cristata deprived of ventrai cirri the
ventral side is ciliated by only one category of cirri — namely the right marginal
cirri. These fragments usually told on two parts of the wound, and start the forma-
tion of AZM primordium about two hours after operation. In such fragments pri-
mordia of ciliature are formed in a fashion similar to that described above.

At the first stages of morphogenesis small groups of kinetosomes appear in
approximately the middle of the ventral side, close to old cirri from the left-most
marginal row of the old right marginal cirri which are present in the fragment (Pl
IX 37). During development the kinetosomal groups grow and form a field, which
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occupies almost the whole ventral side of a very small fragment. The AZM, UM
and FVT primordia later differentiate from this field. The marginal cirri are formed
on the topographic marginal parts of the fragment.

It follows then that small lateral fragments of P. cristata, which possess only
one category of old cirri — the right marginal ones — are capable of forming the
complete set of primordia and reconstructing the whole cortical pattern of the ven-
tral and also dorsal side (Jerka-Dziadosz, unpubl.).

Formation of primordia in left fragments

In this section the left fragments of U. grandis, P. cristata and P. weissei will
be described. By left fragments are meant the animals left parts resulting from
longitudinal transection.

Similarly, as in the preceeding section, the fragments which repair the wound
in situ will be first described. In such fragments, the longitudinal arrangement of
cirral rows remains undisturbed. In fragments where the line of operation runs
through the central meridian, the left ventral row of cirri is situated near the wounded
margin of the fragment. Most of the fragments possess the proximal end of the ori-
ginal AZM (Fig. 4 A-L and B-L).

Urostyla grandis

The left fragments of U. grandis which possess a portion of the original AZM
usually round up very extensively and undergo some deformations. In order to obtain
a left lateral fragments with old cirral rows arranged meridionally, the cells were
first cut longitudinally, along the central meridian (approximately) and then the
AZM was cut off. In this way a few left lateral fragments with almost no deformations
in the arrangement of the old ciliature were obtained.

The AZM primordium in such fragments is formed as a longitudinal field situated
to the left of the row of cirri closest to the wounded margin (Pl. IV 19). This field
is situated between the first and second (counting from the fragment’s right) row
of cirri. The line of operation does not always run exactly between two rows of cirri,
and may run slightly diagonally. What is important, however, that some old cirri
are usually seen to the right of the oral primordium, which means that the AZM
primordium is not formed at the “‘bald” margin, but to the left of the right most
row of cirri. Later stages of morphogenesis were not studied.

In left fragments of U. grandis which possess the left part of the AZM, extensive
regulation of shape during the 2 h which pass from the operation to the beginning
of formation of oral primordia, causes some deformations in arrangement of the old
ciliature in fragments. As a result of wound healing and of the slow constriction
of the wounded margin — the left marginal cirri encircle the posterior part of the
fragment, and the cirri may be situated perpendicularly to the AZM. This happens
very often in oblique fragments, in which the line of operation runs slightly diagonally
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(where the left fragment does not possess the transverse cirri). Such fragments usually
possess a large portion of the AZM and UMs (Pl. VIII). In some of the diagonal
fragments in which most of the midventral postoral region is missing the AZM
primordium is formed within the posterior portion of the UM-field. The formation
of oral primordia in small left diagonal fragments of U. grandis starts from a disag-
gregation of old UM’s. Kinetosomes from both membranes form a longitudinal
field (Pl. VIII 29, 30). The field shows a widening in its posterior part (the AZM
primordium), by which it joins the original AZM. At the same time the proximal
end of the AZM becomes resorbed. In larger fragments, which possess a part of the
postoral portion of the cell, in addition to the kinetosomal field (UM primordium)
derived from disaggregation of old UMs, on the ventral surface posteriorly to the
old AZM another kinetosomal field (AZM primordium) originate. The orientation
of this field is difficult to establish (Pl. VIII 31). Usually the AZM primordium is
parallel to the UM primordium, but the orientation may be slightly modified by
the neighbouring marginal cirri.

The FVT primordium arises as a loosely packed kinetosomal field, situated
parallel to the UM primordium. From this field, the diagonal FVT streaks later
differentiate (Pl. VIII 30, 32).

The primordia of right marginal cirri appear as a kinetosomal field adjoining
the posterior part of the FVT primordium (phot. 32). During the regulative growth
of the right margin the marginal streaks differentiate. The primordia of the left
marginal cirri in diagonal fragments of U. grandis are formed to the left of the ori-
ginal AZM, within the original left rows of marginal cirri. They appear as kinetosomal
streaks.

The formation of primordia in left lateral fragments which possess both: proximal
part of the AZM and portion of the transverse cirri will be now described. Such
fragments usually fold on two parts of wounded margin together, which often
brings about a shift of the transverse cirri to the left side of the fragment.

The formation of the AZM primordium starts with the proliferation of kineto-
somes close to left ventral cirri situated posteriorly to the AZM. This kinetosomal
field grows covering the whole midventral portion of the fragment (Pl VII 27).
In several fragments the incorporation of the transverse cirri into the primordium
has been observed. The UM and FVT primordia develop to the right of the AZM
primordium. The primordia of the left marginal cirri originate as kinetosomal
streaks, one in each old marginal row whereas the right marginal cirri are formed in
continuation to the FVT primordium on the right side the fragment (Pl. VII 28).

Pseudourostyla cristata

The left fragments of P. cristata almost always fold two parts of the wound,
which causes considerable translocations in cortical structures (Fig. 4 B-L). The
transverse cirri may appear at the level of the original AZM. The fragments usually
acquire a rounded or oval shape. They possess only one category of marginal cirri —

2
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the left ones which cover both the left and right sides as well as the posterior of the
cells (fragments).

As in all the above described fragments of P. cristata, the formation of the AZM
primordium starts from the proliferation of kinetosomes around and to the left of
the left ventral row cirri (Pl. X 37, 38, 39). The AZM primordium grows along
the old ventral row of cirri, following its arc-like curvature. As a result the AZM
primordium may be situated perpendicularly to the original AZM (Pl. XI
41, 43).

The primordium of UM starts with the disaggregation of the old UM (if it is
present in the fragment). The proliferation of new kinetosomes occurs in the region
occupied by old UM’s. The FVT primordia are formed parallel and close to the UM
primordium (Pl. XI 40). It may happen then, that the AZM primordium may be
perpendicular to the UM-FVT primordia (PI. XI 41, 43). During later development
the old AZM is progressively resorbed and replaced by the new one.

The primordium of the left marginal cirri originates at normal position in relation
to the FVT primordia. It appears as a longitudinal field of kinetosomes within the
first left marginal row (Pl. X 36, Pl. XI 41). The left marginal field follows the curved
old marginal row until stage IV.

The primordium of the right marginal cirri originates on the right topographic
margin of the fragment, no matter what kind of cirri is present there (Pl. XI 40).
In a few left fragments of P. cristata the formation of the right marginal primordium
from the old left marginal row of cirri, situated at the right topographical margin
has been observed. The photograph 36 on Pl. X shows a fragment of P. cristata
in which the primordium of the right marginal cirri is formed in the same old marginal
row (first-left) as the primordium of the left marginal cirri. In fragments fixed in
later stages of regeneration it can be observed that the differentiation of kinetosomal
streaks within the marginal field occurs in the same order as in normal (dividing)
animals, or as on the left, undamaged margin. The kinetosomal streaks differentiate
starting from the right, anterior part of the marginal field. This means that the fact
that primordia form primarily in an “upside down” row of old cirri, does not influence
further orientation of the new ciliature (compare Fig. 4 B-L and S-L).

The left fragments of U. cristata, which possess only left marginal cirri, are thus,
able to form all kinds of primordia.

The mode of formation of the AZM primordium in small left fragments is very
interesting. Photograph 37 on Pl. X shows a left fragments of P. cristata in which
the AZM primordium is formed with participation of the cirri of the first left row of
marginal cirri (arrows). It should be stressed here that the same cirri form in division
and regeneration of transverse fragments the primordium of the left marginal cirral
rows. This fact again indicates clearly that as in U. grandis the new kinetosomes at
first are formed from or closest to the remained preexisted structure situated in
the nearest vicinity of removed ventral cirri.
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Paraurostyla weissei

The formation of primordia of the ciliature in left fragments of P. weissei will
be described now. The left fragments of this species do not fold two parts of wound,
but heals, and constrict the wounded margin slowly, which causes some translo-
cations of the ciliature.

The oral primordium usually originates as a longitudinal field situated posterior
to the old AZM, between the left-most ventral row and the left marginal row of
cirri. The primordium of the UM originates from two parts, one of which is derived
from disaggregation of the old UM’s, the other part is formed parallel to the anterior
portion of the primordium of the AZM. Both parts join and later differentiate
into two parallel undulating membranes.

The formation of the FVT primordia is very interesting. As has been shown
in the previous publications (Jerka-Dziadosz and Frankel 1969, Jerka-Dzia-
dosz 1972 a, b), the primordia of FVT in promers, proters and reorganizers are
formed with the participation of three frontal cirri, and from some of the ventral
cirri, which are situated to the right from the previous ones. The FVT primordia form
as 6 longitudinally oriented ciliary streaks.

In left lateral fragments of this species — that is in fragments lacking frontal and
right ventral cirri the FVT primordia are formed in the fashion more similar to that
described for U. grandis (Pl. XII 44). The FVT primordium originates as a loosely
packed kinetosomal field (Pl. XII 44, 45). Kinetosomal streaks later differentiate
from this field (P1. XII 46, 47). Very often the orientation of streaks is not longitudinal,
but slightly diagonal. During later development the straightening of the FVT streaks
takes place (Pl. XII 48).

On the basis of observations on the pattern of formation of the oral and cirral
primordia in left and right lateral fragments of Urostyla grandis, Pseudourostyla
cristata and Paraurostyla weissei the following conclusions can be drawn:

(1) In lateral fragments of all three species the primordium of the AZM originates
first, and is situated along the left postoral row of ventral cirri, or when this row is
absent to the left of the ventral or marginal row, which is closest to the left po-
storal ventral row. In diagonal fragments, in which the postoral region is missing
the AZM primordium forms from the posterior part of the UM primordium.

(2) The primordia of UM are formed with participation of the old UM’s, or in
fragments lacking old UM to the right and parallel to the AZM primordium.

(3) The primordia of FVT and marginal cirri are formed at the same level at
the antero-posterior axis as the UM primordium.

(4) In fragments with deformations in the longitudinal arrangement of cirral
rows, the primordia of ciliature follow the deformations in early stages of develop-
ment. The final orientation of differentiating ciliature corresponds to the new antero-
posterior axis and reconstructed polarity.
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(5) In all cases in which primordia usually appear as a kinetosomal streaks
with participation of preexisting ciliature when formed at places lacking old ciliature,
they appear as kinetosomal fields, which later differentiate into ciliary streaks.

(6) Development of primordia formed on the injured margin is usually delayed
in comparison to development of primordia on the uninjured margin.

(7) All lateral fragments of studied species which possess the nuclear apparatus
are capable of forming the primordia of new ciliature.

Discussion

The most important conclusion coming from the study on lateral fragments of
urostylids is, that both the location of primordia and the mode of the formation of
a primordium is closely related to the position of the forming structure within the
new totality.

The oral primordium can be formed at almost any point along the longitudinal
axis in transverse fragments, but in longitudinal fragments the primordia are formed
close to (actually to the left of) the row of cirri which is situated in the competent
region. Figure 5 is a schematic representation of the presumptive sites of the formation
of oral primordia. The scheme presents two features of the placement of primordia:
(1) the place of the formation of oral primordium undergoes an uniform shifting
along the antero-posterior axis (Fig. 5 I), (2) whereas it undergoes a stepwise
shifting along the transverse axis (Fig. 5 II).

Fig. 5. The localization of the presumptive sites of the formation of the oral primordia of the stu-

died species. A — anterior, P — posterior, R — right, L — left. 1 —a profile of any meridian

along which the site of primordium formation can be shifted, II — the possibility of the transverse

stepwise — shifting of the site of primordium formation. The place 1 is preferentially utilized when

it is present, when it is absent the site 2 is utilized and so on. The edges (e) represent the rows of
old cirri, the depressions other cortical structures oriented longitudinally
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The development of the primordia of new cortical structures usually initiate at
cortical sites already occupied by preformed structures. Therefore the presence of
the old structures itself may influence the formation of new ciliature. This influence,
however, has two aspects — the preformed cortical structures may help the de-
velopment of primordia (structural guidance), or they may limit the development.
That the cirri themselves do not control the positioning of a particular primordium
follows from many observations that the primordia may arise “de novo™ in case
of the lack of old cirri (Jerka-Dziadosz and Frankel 1969, Grimes 1973 a).

Two main factors involved in the control of the cortical development in ciliates
will be discussed — namely the preformed structures and the positional information.

Role of preformed structures in positioning of primordia

The four methods, by which the primordia of new ciliature can be formed are
schematically summarized on Fig. 6.

The first method (Fig. 6 1) is realized by the AZM primordium in P. weissei
(Jerka-Dziadoszand Frankel 1969) and usually in U. grandis (Jerka-Dziadosz
1972 b). New kinetosomes appear in a space between two rows of cirri, and they
most probably are formed de novo — that means without any visible participation
of old neighbouring cirri.

The second manner of the formation of the AZM primordia (Fig. 6 11) occurs
in P. cristata (Jerka-Dziadosz 1972 b), Keronopsis rubra (Jerka-Dziadosz
and Janus 1972), Kahiella and Hypotrichidium (Tuffraa 1970) In these species
small groups of kinetosomes appear very close to the ieft of the old cirri from the
left postoral ventral row.

The third method of primordia formation (Fig. 6 III) is realized by the primordia
of somatic cirri in P. weissei U. grandis and P. cristata. The primordia are formed
with an active participation of some old cirri. The kinetosomes from basal plates
lose their close packing and undergo a transformation into an anarchic field or
kinetosomal streak. (Jerka-Dziadosz and Frankel 1969, Jerka-Dziadosz
1972 b).

The fourth method of the formation of a primordium (Fig. 6 IV) occurs in frag-
ments with the old cirri which normally participate in development removed. In
this way the marginal primordia of P. weissei and U. grandis develop in the fragments
with excised old marginal rows (Pl IIl 9, 12).

The observations on regeneration of transverse fragments of P. weissei (Jerka-
Dziadosz and Frankel 1969) and longitudinal fragments of P. weissei, P. cristata
and U. grandis presented in this paper showed that the mode by which particular
primordium is formed is not fixed — that is — there is not one stable pattern by
which any primordium (oral or cirral) must originate.
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In the absence of preformed cirri, which normally are used in the formation
of primordia, the rudiments can appear with the participation of other cirri, which
find themselves in the competent region (Fig. 6 arrow from II to III), or they
can form without participation of the old cirri (IV), if they are not present in the
competent region.
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Fig. 6. The interrelations between the mode of the formation of primordia and preexisting cirri
of the studied species. Black circles — the cirri dotted fields — the primordia. For explanation
see the text

The passing from mode II to III is of particular interest. In opisthes and opimers
of P. cristata, the AZM primordium originates in the form of small groups of
kinetosomes localized to the left from old unchanged ventral cirri. In the left lateral
fragments (Pl. X 37) in which the ventral rows of cirri are removed, the AZM pri-
mordium forms within the first left marginal row of cirri (the row, in which the pri-
mordium of the left marginal cirri is normally formed).
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The kinetosomes of the old marginal cirri disperse and first form small fields,
later on the fields fuse and form longitudinal AZM field. So in this case the AZM
primordium originates in the same way as the marginal primordium usually
does.

The mutual interrelation of the method of primordia formation and preexisting
cirri might indicate, that the spatial organization of old cirri determines the mode
of the formation of a primordium. Actually, the ultrastructural study on the mor-
phology of the ventral and marginal cirri in P. cristata shows certain differences
in the arrangement of kinetosomes and their accompanying fibers in the basal pla-
tes (Jerka-Dziadosz unpubl.). Also the fact, that primordia which normally
originate with the participation of preexisting ciliature as ciliary streaks (like marginal
cirri in P. weissei) — develop as less neatly ordered kinetosomal fields when deprived
of the “help” of the old structures, indicates some role of the preexisting ciliature.
That the preformed cortical structures strongly influence the formation and develop-
ment of ciliary primordia can be concluded also from the observation on “curved”
oral and cirral primordia in folded lateral fragments. All these phenomena
show the character of the features classified by Frankel 1972 as “‘structural
guidance™.

The other, aspect of the role of preformed cortical structures present in the
cortex of the studied species will be considered now. In P. cristata the spaces between
rows of cirri (Pl. XIII 49) are filled with trichocysts (Jerka-Dziadosz 1970). The
anterior and posterior edge of each cirrus is occupied by a thick microtubular fiber
running under the pellicle (Pl. IX 35). Therefore the only “free” places where new
kinetosomes may appear on the surface along the central meridian in the postoral
region — are small areas to the left (Pl. XIII 51) of each cirrus of the left postoral
row of ventral cirri.

Considering now the marginal cirri — they are surrounded by trichocysts from
the right and left side with the anterior and posterior sides occupied by fibers running
from each cirrus (compare Tuffrau 1965, Grim 1970). It seems, that there is not
much room left for new kinetosomes to appear — unless the old cirri disperse and
lose their subpellicular fibers. It is worth mentioning here that in U. grandis the
mucocysts show very similar arrangement to that of the trichocysts of P. cristata
(Pl. XIII 48-50).

As a result of the study of the distribution of trichocysts of P. cristata during
cortical development it has been stated that the trichocysts disappear from the
regions of the cortex where the primordia of new ciliature differentiate (Jerka-Dzia-
dosz 1970 and unpublished EM study), but this process takes place after the ini-
tiation of the formation of primordia.

It seems therefore that the arrangement of cortical structures such as the tricho-
cysts or mucocysts may limit the space available for appearance of the new kineto-
somes in regions of the cortex which are morphogenetically active.
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The “guiding” role of preformed cirri and the space-limiting role of other cortical
structures may possibly explain why any primordium of new ciliature is always
formed close to the preformed cirri — if they are present within the competent area.

The problem of what determines the site of the formation or primordium will
be discussed in the next chapter.

Positioning of oral and cirral primordia

On the basis of observation on the formation of ciliary primordia duringdivision
in three species of lower Hypotrichida (Jerka-Dziadosz 1972 b, Jerka-Dziadosz
and Frankel 1969) as well as on the basis of analysis of formation of the cortical
pattern in transverse fragments (Jerka-Dziadosz 1972 a, Jerka-Dziadosz
and Frankel 1969, Jerka-Dziadosz and Janus 1972) and in longitudinal frag-
ments (Jerka-Dziadosz 1966 and this paper) it can be concluded that a region
privileged with respect to morphogenetic abilities exists.

The privilege of this region is expressed by the capability for formation of new
oral primordia during division, reorganization and regeneration of transverse
fragments. The privileged region has been defined as ““presumptive organization area™
(Jerka-Dziadosz 1964) or as the stomatogenic meridian (Jerka-Dziadosz
and Janus 1972). The position of this region can be defined as a meridian covering
the undulating membranes and left postoral row of ventral cirri if one takes the
elements of the ventral ciliature as cortical markers.

If one specifies this region topographically (taking the overall shape of the cell
as coordinates) — it covers approximately the central meridian of the ventral surface.
On the basis of the above observations a following hypothesis is postulated:

(1) It is assumed that on the ventral surface of hypotrich ciliate there is an
organization area which covers the stomatogenic meridian.

(2) This organization area reflects the highest edge of the mediolateral gradient
of some property. The highest point on that edge reflects the highest point of the
antero-posterior gradient. It is located slightly posteriorly to the original AZM,
at the place where the AZM primordium in reorganizers and promers first appear.
The gradient slopes down towards anterior and posterior ends of the cell and also
from the rim to both left and right margins. The highest and lowest values of the
gradient establish the boundary values which specify the coordinates for the position
of any point within a surface of the cell. This has been defined after Wolpert 1969
as positional information.

(3) In different developmental situations the oral primordia are positioned
in places corresponding to the high point of the polarity potential, and the cirral
primordia consequently at lower values of the potential.

(4) The system of gradients establishing the positional information possess a
capacity for regulation, when it is disturbed. In fragments of cells, the gradient under-
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goes a regulation, establishing a new coordinate system. According to the new posi-
tional information the primordia are positioned.

(5) The final orientation of new ciliary organelles in regenerated fragments is
in conformance with the regulated gradient system and not with the orientation
of the preexisting ciliature.

The sand hill model

In the first part of the Discussion it has been shown (Fig. 5) that the morpho-
genetic potentialities of the ventral surface show gradient-like properties, with
the central meridian being the “top™ of the gradient. A formal analog of such
gradient system will be shown in order to provide a model in which positional
information can be used to explain the placement of primordia.

The cellular gradient shares properties with a sand hill gradient, in that it has
a maximum stable slope resulting from an equilibrium between two forces (gravity,
and friction between the sand grains) Lawrence 1971 a, b). This model provides
a formal explanation of experiments that set up unstable gradient situations (the
transverse and longitudinal transections) which resulted in flow of the gradient
itself until new gradients were set up at the maximal steepness that was stable.

It we pour out a hill of dry sand in such manner that the crest forms distinguish-
able edge then this edge will reflect the high rim of the mediolateral gradient (PI.
XIV 52).

When we insert a glass plate transversaly into the sand hill, dividing the hill
into two “fragments™, and then remove the posterior part, the following properties
can be observed in the anterior fragment: (a) If the line of operation runs close
to the equatorial part of the hill or posteriorly to it — then the highest point of the
gradient in the anterior part is not moved (Pl. XIV 53, 54). This situation corresponds
exactly to the observed result in regenerating promers. In reorganizers and large
promers the oral primordium forms in the same place— actually close to the same
old cirri from the left ventral row of cirri (Jerka-Dziadosz and Janus 1972 and
this paper).

If the glass plate is inserted anteriorly to the highest point and the posterior part
of the hill removed with the glass — then a new high point is formed at some distance
from the anterior margin of the hill. That corresponds to the localization of the
AZM primordium in small promers in Keronopsis rubra, P. cristata and U. grandis —
where it is formed within the old UM (PL I 2).

A new high point of the antero-posterior gradient is also reconstructed in the-
posterior part of the sand hill (after removal of anterior part) (Pl. XIV 53, 55). Again
the point is localized in some distance from the anterior end. A beautiful example
of this situation is provided by experiments on regeneration of “large opimers”
of P. weissei (Jerka-Dziadosz and Frankel 1969).
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The three most left streaks of FVT in Urostyla weissei in reorganizers and promers
(also proters) arise from disaggregation of three frontal cirri, Nos. 4, 5 and 6. But
if the cell is operated near the anterior end, so that the frontal cirri 1, 2 and 3 are
excised, but 4, 5 and 6 remain, then the FVT streaks develop not from cirri 4, 5 and
6, as they would in reorganizers, but in a bare patch immediately posterior to these
cirri (see Jerka-Dziadosz and Frankel 1969, Fig. 20). The cirri 4, 5 and 6 later
are resorbed, as are 1, 2 and 3 in reorganizers. This experiment demonstrates that
the basal bodies of cirri No. 4, 5 and 6 are neither necessary nor sufficient as sources
of streak initiation, the streaks appear to be formed at a position determined relation-
ally with the respect to the highest point of the gradient.

Another example of the regulation of the gradient in transverse fragments is
the localization of oral primordia in small opimers in K. rubra and U. grandis where
the oral primordium is formed in the middle of the ventral surface of the fragments
with participation of some of the transverse cirri.

To summarize: the position of the oral primordia is not obligatory linked to
any preexisting structure, but is determined relationally with respect to the recon-
structed gradient system.

Let us consider now the longitudinal transection of the sand hill. If a glass plate
is inserted in the hill of sand (Pl. XV 59) parallel to the crest and the glass then moved
laterally, removing one part of the hill, the following properties can be observed:
after removal of the margin of hill a cliff is created down which the sand flows.
That causes a shift of the crest in the direction opposite to the cut off margin (Pl
XV 59, 60, 61). The distance of shifting corresponds to the size of cut off side. (a)
When only a small margin of the hill is removed, the crest remains in the same
place, and only the grains from the cut side flow down. (b) When a large portion
of the margin of the sand hill is removed — then the crest is shifted. (c) When a large
lateral portion of hill, including the crest is removed —a new crest is formed in
the small lateral fragment. The position of that crest corresponds to the relative
position of the crest in untouched sand hill (Pl. XV 61).

It follows then that regulation of gradient in the dry sand hill proceeds in the
same way along both antero-posterior and transverse axes. However, the observa-
tions of the regulation of gradients within the cell showed that the regulation proceeds
at different rates along the two axes, with a greater tendency to stick to pre-set
values along the right-left axis. It seems that the final regulation of the gradient
in the lateral fragments takes place some time after the primordia differentiate.
Therefore the initial positioning of the oral primordia in lateral fragments does
not correspond to the dry sand model.

Let us introduce a model in which a regulation of gradients proceeds in a lower
rate (Pl. XVI 62-65). If the sand hill is made from wet sand, then after longitudinal
division of the sand hill the cliff thus created does not flow down until it is dried

out (PI. XVI 53, 64).
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If a glass plate is inserted in the hill of wet sand, parallel to the crest and the
glass then moved laterally so that the two parts of the hill are separated, the following
properties can be observed. The coherence of the sand prevents the grains from
flowing, therefore the crest in the larger part of the hill remains in the same place.
In experiments with urostyls this situation corresponds to the regeneration of large
fragments with excised marginal cirri in which all primordia (except on the wounded
margin) appear close to and /or with participation of the same cirri as in reorganizers
(compare Pl. XVI with III and IV).

Now, let us consider the second experimental situation, that is the reconstruction
of the edge in lateral part of the hill, deprived of the crest. In the wet sand model
(P1. XVI 64 viewer's right) the new ridge is situated at the top of the cliff.

In U. grandis and P. cristata this situation corresponds to the localization of the
oral primordia in small lateral fragments which heal the wound in situ. In such
fragments the AZM primordium is formed at the margin, to the left of the row of
cirri closest to the stomatogenic meridian (P1. V 19).

The lateral fragments which fold on two parts of wounded margin will be discussed
now. Let us consider the situation on the wet sand model. In a reconstructed “folded”
sand hill (Pl. XIV 56) the top of the gradient comes to be situated near the middle
of the hill. Indeed in regenerating fragments, proliferation of kinetosomes of
the AZM primordium starts close to these cirri which are situated in the middle
of the fragment (Pl. IX 34).

In all studied lateral fragments in the course of regeneration, by the time the
primordia on the wounded margin differentiate, the position of all primordia become
regulated so that the final position of well-development primordia in stage V shows
relatively the same positions as in reorganizers or transverse fragments. That means
that although the process of regulation of gradient proceeds at different rates along
the antero-posterior and transverse axes — the final results is the same — the gradient
has regulated and so has regulated the new cortical pattern.

The gradient, the properties of which have been discussed above provides a coord-
inate system establishing positional information (W olpert 1969). It has been proposed
above that this system of positional information is reponsible for the positioning
and orientation of the ciliary primordia in ciliates belonging to lower hypotrichida
(see also Frankel 1973 a). This hypotheses has testable consequences.

(1) If the initial positioning of primordia is determined by positional information
and not by the elements of preexisting ciliature then it should occur in accordance
to the preexisting structures only if they are present at appriopriate (“induced™)
places in the gradient system. This requirement is satisfied by all primordia which
form in different kinds of transverse fragments of U. grandis, P. cristata, F. weissei
and K. rubra.

A comparable demonstration has been made for the primordia of the right
marginal cirri of P. cristata in longitudinal, left fragments, which folded on the
two parts of the wound. In some such fragments the left margin, posterior end and
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right margin are occupied by but one category of the old marginal cirri — namely
the left ones. The primordia of marginal cirri of such fragments originate at rela-
tively the same places as in normal fragment (promer). The left marginal kinetosomal
field originates within the left-most old marginal row of cirri. Yet the right marginal
kinetosomal field appear also within the same “left” marginal row of cirri, which
after the folding on the two parts of fragments appeared at the right margin of the
fragment, in an “upside down™ orientation. This experiment confirmed by other
observations on formation anew of marginal cirri demonstrated that the marginal
cirral primordia form at the geometrical margin of the ciliate, regardless of what
(if any ) preexisting ciliary material is present there.

(2) If the initial positioning of primordia is determined by the gradient system
and not by the preexisting organelles the position should correspond to the gradient
system if the preexisting ciliary structures are not present.

This requirement has been satisfied by the FVT and marginal primordia in P. weis-
sei. As has already been mentioned the three left FVT streaks of P. weissei
originate from disaggregation of preexisting frontal cirri. When a preformed
““disaggregating™ old cirrus was removed by UV irradiation (Jerka-Dziadosz
1972 a) a new kinetosomal streak formed nevertheless at the normal place, where the
old cirrus had been before irradiation.

Another example is provided by the regeneration of large fragments of U. weissei
with excised left or right rows of marginal cirri. Normally the first primordia of the
streaks that will later develop into new marginal cirri appear as a result of relign-
ment of the constituent cilia of preexisting marginal cirri. If a longitudinal cut is
made such that a lateral portion of the cell including the old row of cirri is excised,
the primordia of the cirri form at the new margin despite the absence of preexisting
marginal cirri at this site.

(3) If the orientation of new structures is relevant to the regulated gradient system,
and not to the preexisting structure, the deformations in arrangement of preexisting
structure should not influence the final cortical pattern after regeneration has
ended.

This requirement has been satisfied by the mode of pattern formation in longitu-
dinal fragments of U. grandis, P. cristata and P. weissei. In fragments of U. cristata
where both margins are covered by one category of old cirri, and the cirri in the
wounded portion of the margin have a direction opposite to normal the primordia
of new cirri, although formed within the inverted row exhibit normal orientation.

In many folded lateral fragments of U. grandis and P. cristata, the primordia
of early stages of development follow the old ciliature. As a result a curved AZM
primordium appears. However, during differentiation of membranelles and cirri
the straightening of new structures takes place (Pl. XII 47). Careful analysis of the
orientation of the new structures in deformed fragments has revealed, that the orien-
tation of new cortical pattern (by the end of resorption of old ciliature) is related
to the reconstructed antero-posterior axis of the cell.
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From the above presented analysis it follows that both the positioning and orien-
tation of the primordia of new cortical organelle of the ventral side of a hypotrich
ciliate are not controlled by the preexisting ciliature. This point of view I have first
expressed as a diagram shown on Figure 7 (Jerka-Dziadosz 1966). This scheme
in an abstract and simplified mode represents the comparison of old and new cortical
patterns in different fragments of three species of Hypotrichida.

Fig. 7. The scheme representing the comparison between old and new cortical pattern in different
types of fragments in hypotrichs. The dotted lines represent preexisting pattern, the solid lines
represent the new pattern

The primordia of new ciliature are positioned through a gradient system which
provides a positional information for the surface of a ciliate.

The physical or chemical properties which obey the formal character of the sand
model of gradient remain to be discussed. Lawrence, the creator of the sand model
as applied to the formation of the pattern in the insect segment (Lawrence 1966,
1971 a, b) suggested the existence of a diffusible substance (defined by Crick 1970
as a morphogen), a concentration gradient of which would correspond to the gra-
dients in the sand model. The diffusible model developed by Lawrence has been
fruitfully applied to the development of amphibian eggs (Cooke 1972) and to
regeneration of Hydra (Wolpert et al. 1971, 1972).

The phenomena which occur during pattern regulation in regeneration of frag-
ments in hypotrichs are consistent with the “source™ and *“'sink™ hypothesis (Crick
1970). The central meridian of the ventral surface with organization center situated
posteriorly to the original mouth could be either a ““source™ or a “sink™.
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The differences in the rate of the process of gradient regulation along the two
axes could be interpreted as a different rate of diffusion of morphogen along
antero-posterior and transverse axes. The “transverse” diffusion could be limited
by longitudinally oriented microfibrillar fibers running from the bases of cirri (PI.
IX 35) and also by the trichocysts or mucocysts (Pl. XIII 48, 49) being a mechanical
barier for the diffusing substance (Fig. 6). The nature of the morphogen, and
also the mechanism by which the positional information is read remains completely
unknown. Other models, based on signaling systems (Cohen 1971) such as the
phase-shift model of Goodwin and Cohen 1969 has not been considered, yet the
highest point of the gradient system in Urostyla in many ways satisfies the require-
ments of “pace-maker” of the. phase-shift model.
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Summary

The regeneration of lateral fragments of Urostyla grandis Ehrbg. Paraurostyla
weissei (Stein) and Pseudourostyla cristata (Jerka-Dziadosz) was studied. The lo-
cations of primordia and their development were observed. In cells with
a removed margin the site of formation of the oral and FVT primordia are
not shifted. In lateral fragments of all three species the primordium of the AZM
originates first and is situated along the left postoral row of ventral cirri, or when
this row is absent to the left of the ventral or marginal row, which is closest to the
left postoral ventral row. In fragments with deformations in the longitudinal arran-
gement of cirral rows, the primordia of ciliature follow the deformations in early
stages of development. The final orientation of differentiating ciliature corresponds
to the new antero-posterior axis and reconstructed polarity.

The positioning of primordia possess a gradient properties. The regulation of
the gradient proceeds at different rates along the antero-posterior (faster) and trans-
verse axes (slower). Two main factors involved in cortical development are discussed:
the preformed cortical structures and the positional information. The preferential
utilization of the close vicinity of old cirri in competent regions as a places for pro-
liferation of new kinetosomes is interpreted by the guiding role of preformed cirri
and space-limiting role of other cortical structures.

It is postulated that the primordia are positioned through a positional information
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provided by a gradient of some parameter. A sand hill model has been constructed
to provide a formal explanation of the positioning of ciliary primordia in hy-
potrichs.

STRESZCZENIE

Badano regeneracje fragmentoéw bocznych u Urostyla grandis Ehrbg., Paraurostyla weissei
(Stein) i Pseudourostyla cristata (Jerka-Dziadosz). Obserwowano lokalizacje i rozwdj zawigzkow.
W komérkach z obcigtym bokiem ciala micjsce powstawania zawiazkéw oralnych i kompleksu
FVT nie ulega przesunieciu. W bocznych fragmentach u wszystkich trzech gatunkow zawigzek AZM
powstaje zawsze pierwszy i jest usytuowany wzdluz lewego postoralnego rzedu cirri brzusznych,
a kiedy ten rzad jest odcigty — powstaje na lewo od rzedu brzusznego lub marginalnego, ktory jest
polozony najblizej od poludnika stomatogennego. We fragmentach z deformacjami w poludniko-
wym ulozeniu rzedow cirri, zawiazki orzesienia powtarzaja te deformacje we wezesnych stadiach
rozwoju. Koficowa orientacja réznicujacego si¢ orzgsienia odpowiada nowej osi przodo-tylnej
i zrekonstruowanej polarnoéci komorki.

Pozycjonowanie zawigzkéw wykazuje wiasciwoséci gradientowe. Regulacja tego gradientu odby-
wa si¢ w roznym tempie wzdluz osi przodo-tylnej (szybciej) i poprzecznej (wolniej). Dwa czynniki.
zaangazowane w kontroli proceséw rozwojowych orzeskow sa dyskutowane, sa to preformowane
struktury rzeskowe i informacja pozycyjna. Preferencyjne wykorzystywanie bliskiego sasiedztwa
preformowanych cirri jako miejsca proliferacji nowych kinetosoméw w rejonach morfogenetycznie
kompetentnych jest tlumaczone z jednej strony przez “przewodnia” role preformowanych cirri
i ograniczajaca miejsce, rol¢ innych utworéw powierzchniowych.

Postuluje si¢, Zze zawiazki rz¢skowe sa pozycjonowane poprzez system informacji pozycyjnej
ustanawianej przez gradient pewnej wlasciwosci. Jako formalny analog systemu gradientowego
ustanawiajgcego informacj¢ pozycyjna zaproponowano model piaskowy.
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EXPLANATION OF PLATES I-XVI

Protargol stained fragments of Urostyla grandis Ehrbg., Paraurostyla weissei (Stein) and Pseudo-
urostyla cristata (Jerka-Dziadosz), engaged in cortical morphogenesis. All photographs represent
the ventral surface. The photographs were printed so that the anterior end is up and animals left
correspond to the viewers right
1: A promer of P. weissei fixed in the 3rd stage of regeneration. The longitudinal streaks of FVT
and marginal cirri are seen. The upper arrow indicate the UM primordium, the lower arrow indi-
cate the AZM primordium
2: Small promer of P. cristata. The AZM primordium appear as a widening of the kinetosomal
field formed within the UM field. Parallel to the oral primordium the FVT primordium is seen
3: An opimer of P. cristara in the 2nd stage of regeneration. The right arrow indicates the AZM
primordium, the left arrow the UM primordium
4: A small promer of U. grandis. The AZM primordium (arrow) is formed from the widened poste-
rior part of the UM primordium
5: Regenerating P. weissei with excised left margin. The primordia in stage 3-4 of regeneration.
Note the longitudinal arrangement of the ventral cirri in the region close to primordia
6: A longitudinal, anucleate fragment of P. weissei after folding of two parts of wound. Note the
position of UM, to the left of the transverse cirri
7: The longitudinal right fragment of P. weissei with curved left marginal and ventral cirri
8: The formation of right marginal primordial streak in P. weissei. The arrows indicate successive
steps in disagregation of old cirri
9: A specimen of P. weissei regenerating after excision of the left margin. Note the normal arrange-
melm of the FVT and right marginal streaks. The arrow indicates the primordium of the left margi-
nal cirri
10: The enlargement of the left lateral margin of the same fragment as on phot. 9. Note the kineto-
somal field on the margin. The kinetosomal field seen in the middle of the photograph represents
the AZM primordium
11: A specimen of P. cristata regenerating after excision of left margin, The arrow indicates the left
marginal primordium, situated within the first left marginal row of cirri. Note also the position
of the AZM primordium formed close to the ventral row of cirri
12: A fragment of P. weissei regenerating after excision of the right margin. The arrow indicates
the new right marginal row formed without participation of old cirri
13: A fragment of U. grandis regenerating after excision of the left margin. The arrow indicates
the groups of kinetosomes forming the AZM primordium, close to the postoral row of ventral cirri
14 and 15: A longitudinal fragment of P. cristata with excised right margin. On phot. 14 arrow points
to the thin row of kinetosomes on the right margin. The arrow on phot. 15 indicates the left margi-
nal field in the same fragment. Note the difference in size of those two fields
16: A longitudinal fragment of P. cristata with excised right margin. Photograph is composed
from two prints. On the left, uninjured margin a wide and long field of kinetosomes originated
(right arrow). A small delicate field of kinetosomes appeared on the wounded margin (left arrow).
Note, that in both fields the differentiation of ciliary streaks in the right part of the ficld have started.
In the middle of the photograph the oral and FVT primordia can be seen
17: A regenerating right fragment of U. grandis. Arrow points to the kinetosomal field situated to
the left of the ventral row of cirri. This is the AZM primordium.

18: &A regenerating left lateral fragment of U. grandis with developmed AZM, UM and FVT pri-
mordia

19: The regenerating right lateral fragment of U. grandis in the 1st stage of development. The arrow
indicates the AZM primordium situated near the wounded margin of the fragments. Note some cirri
to the right of the primordium

20: A regenerating right lateral fragment of U. grandis. The arrow points to the kinetosomal
field situated near the anterior part of the AZM. This is the primordium of the left marginal cirri
21: A regenerating right lateral fragment of U. grandis which folded two parts of wound. Note
the curvature of the ventral cirri, and the kinetosomal field close to them. The arrow points to a small
kinetosomal field incorporating some of the transverse cirri

22: The same fragment as on phot. 21. The arrow indicate the disaggregating old frontal cirri,
which lay close to the UM

23: The regencrating right lateral fragment of U. grandis which folded two parts of wounded margin.
The upper black-white arrow indicates the out-of-focus original AZM, the lower black — white
arrow indicates the primordium of the new AZM. The black arrows indicate the right (lower)
and left (upper) primordia of marginal cirri

24: A regenerating right lateral fragment of U. grandis which folded two parts of the wound. The
arrow indicates the primodrium of the new AZM
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25: A regenerating small right lateral fragment of U. grandis which folded the two parts of wounded
margin. The lower right arrow indicates the AZM primordium. The lower left arrow points to
the UM primordium. The upper arrow indicates the FVT primordium

26: A regenerating small right lateral fragment of U. grandis which folded two parts of the wounded
margin. The right indicates the AZM primordium, the center arrow indicates the UM primordium,
and the left arrow points to the FVT primordium

27: A regenerating left lateral fragment of U. grandis which folded two parts of the wound. The
AZM and FVT primordia are located in the middle of the ventral surface

28: A regenerating left lateral fragments of U. grandis which folded the wounded margin. The lower
arrow indicates the AZM primordium, the upper arrow indicate the UM primordium. Note the
curved line of the UM primordium

29: An oblique left anterior fragment of U. grandis. The row of left marginal cirri can be seen, en-
circling the fragment

30: The same fragment as on phot. 29. The arrow indicate the FVT field

31: An oblique left anterior fragment of U. grandis. The UM and FVT primordia are seen on the
lc‘!’t side of the photograph. Note the kinetosomal field to the animals left of the posterior part
of the AZM

32: An oblique left anterior fragment of U. grandis. The oral and FVT primordia are well developed.
The two arrows point to the localization of left and right marginal kinetosomal field

33: A right folded fragment of P. cristara. In the middle the curved primordium of the AZM is
seen. The upper arrow points to the anterior part of AZM primordium. The lower arrow indicates
the posterior end of the AZM primordium. The black threads on both sides of the primordium
represent the stained trichocysts

34: A small right lateral fragment of P. cristara which folded the two parts of the wound. The arrow
points the AZM primordium. The black threads represent stained trichocysts

35: A left row of marginal cirri in a protargol stained fragment of P. cristata. The arrow indicate
the longitudinal fibers running from the basal plate of the cirrus

36: A regenerating left fragment of P. cristata, which folded two parts of the wound. The arrows
point to the left marginal row of cirri in which the marginal primordia are seen, on both sides of
the fragment

37: A left lateral fragment of P. cristara which possess only left marginal cirri. The arrows point
to the kinetosomal field formed closed to cirri from the first left marginal row. This is the AZM
primordium

38: A left lateral fragment of P. cristata which folded two parts of the wounded margin. The oral
primordia are seen in the middle. The black threads represent the trichocysts

39: The same fragments as on phot. 38. The right arrow points to the AZM primordium. The upper
left arrow points to the *“anterior™ part of the preformed ventral row of cirri. The direction of
“straightening” of the primordia can be deduced

40 and 41: A left lateral fragment of P. cristata which folded two parts of the wound, on two focal
planes. The arrow on phot. 40 points to the right marginal cirri. The upper arrow on the phot. 41
points to the left marginal cirri. The lower arrow indicate the AZM primordium. Note the posi-
tion of the AZM primordium in relation to the original AZM and to the primordium of FVT

42 and 43: A left lateral fragment of P. eristata in two focal planes. The arrow on phot. 42 points
to the UM and FVT primordium. The lower arrow on the phot. 43 marks the AZM primordium,
the upper arrow point to the left marginal primordium

44: A left lateral fragment of P. weissei in carly stage of regeneration. Note the loosely arranged
kinetosomes on the frontal areas

45: The same fragment as on phot. 44. The arrow points to the FVT kinetosomal field

46: A regenerating left fragment of P. weissei. Note the disorder in the arrangement of FVT pri-
mordia

47: A regenerating left fragments of P. weissei. The straightening of the primordia can be observed
48: A normal interdivisional specimen of U. grandis stained with silver nitrate. Black dots repre-
sent the stained mucocysts. The arrow indicates the central meridian lacking the mucocysts

49: A normal interdivisional specimen of P. cristata, fixed in saturated mercuric chloride and
stained with Protargol. The black threads represent the stained toxicysts. The arrow points to one
of the rows of trichocysts separating the rows of marginal cirri

50: A fragment of the ventral surface of the interdivisional specimen of U. grandis stained with
iron hematoxyline. The mucocysts and cirri are see. The lower arrow points to the mucocysts located
between the rows of cirri. The upper arrow points to a cirrus surrounded by mucocysts

51: The middle of the ventral surface of P. ¢ristata. The lower arrow indicates the AZM primordium
in very early stage of development. The upper arrow indicate the first left marginal row of cirri.
Note that the spaces between the rows of cirri are filled with the trichocysts
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The sand hill model

52: The hill made of dry sand. The arrow indicate the highest point of the rim

53: A glass plate is inserted in the hill of sand posteriorly to the highest point (arrow)

54: After the glass plate has been moved posteriorwards and the sand removed with the plate, the
sand flows down posteriorwards moderately, so that the highest point remains in the same place
as previously

55: The result of shifting of the glass plate from 53 anteriorwards and removal of the anterior por-
tion of the sand hill. It can be seen that a new highest point appeared at some distance from the
place where the glass had been, and at some distance to the anterior margin of the hill

The hill on photographs 52 to 55 was photographed from lateral view

56: A reconstruction of gradient in folded lateral fragment. The model is made from wet sand.
The arrow is inserted in the highest point

57: The same hill after the sand have dryied out and fell down. The position of the high point is
slightly shifted to the viewers left. The hill is photographed from its posterior

The experiments with dry sand hill models

58: The hill is made from dry sand. The glass is put in front of the hill in order to clearly see the
profile of the hill. The black arrow mark the rim of the hill

59: The same hill as on phot. 58 with a longitudinally inserted glass plate (the “scalpel”). The
thick arrow point to the edge of the hill

60: The hill after removal of the smaller longitudinal part. The thick arrow indicates the previous
edge. The thin arrow indicate the new edge after the sand have flowed down

61: The small hill after removing of the larger part (with the edge). The thick arrow indicate where
the old edge had been. The thin arrow points to the new edge in the lateral fragment of the hill.
The hill on photographs 58-61 was photographed from its anterior

The wet sand model

62: The sand hill is built in similar way as in previous photograph. The glass in front of the hill
is put in the front of the hill in order to see clearly the profile of the hill, the arrow indicates the high
edge of the hill

63: A glass plate is inserted longitudinally into the hill, parallel to the rim

64: The two parts of wet hill model after the lateral part have been shifted to the viewers right.
Note that in left part the highest rim is located in the same place (thick arrow) in small lateral frag-
ment the highest rim is localized on the top of hill (thick arrow)

65: The same hill as on phot. 64, after 1 h, when the sand has dried out. The arrows have not been
moved — they mark the position of high points in wet models before falling. The sand has flowed
down and the edged in both hills moved apart
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Koubiorauus Dileptus anser (O. F. M.)
(Gymnostomatida, Tracheliidae)

Conjugation in Dileptus anser (O. F. M.) (Gymnostomatida, Tracheliidae)

Wsyuenne xouwroraumu y Dileptus anser (O. F. M.) npeiacrapisieT HHTEpeC C
TOYKH 3PEHHUS 3BONIOUHMH (POPM IOJIOBOrO mpouecca y HHpy3opuit ¥ HeoGXomaumMO
NS MOCNeAyIoIel TIeHeTHYecKoi paboTel ¢ 3THM 00BeKTOM. JIHTepaTypHBIX
JAHHBIX MO KOHBIOTALHH 3TOro BMaa Hemuoro. Kowwioramus Dileptus “‘gigas™
(anser) mEAynMpOBaBHAsA rononanneM, osura nonydena I'epreurom (Hertwig 1904).
ITo TI'eprBury, KOHBIOraUHH BCErJIA NPENIECTBYIOT IBAa ‘‘TOJOAHBIX' MEJCHHS
(Hungerteilungen), Gonpuioe 3xHayeHHe mMeeT Takxke (akrop cezonHocTH. Huka-
KHX CBEJIeHHMH O IIOBEJEHHH fJep BO BpeMs MOJIOBOrO mpouecca I'epTBUr He NpH-
BOJIHT.

JImwe B pabote Bumepa (Visscher 1927) no D. anser (“gigas’) nmerorcs cse-
JIeHHs [0 3TOMY BOHPOCY. ABTOp TaKxke yaenseT BHHMaHHe (aKTopy Ce30HHOCTH
B CYHTAeT, YTO KOHBIOTAUS BCTpeYaeTcs IVIaBHbIM OOpa3oM BecHOil. Bamep moa-
TBepxJaeT AaHHble ['epTBHTAa O TOM, 4TO BCErjJa IPOHCXOAAT ABA NPEKOHBIOra-
LIHOHHBLIX JeJIeHAss 0co0H, B pe3yibTaTe KOTOPBHIX pa3Mepbl HH(DY30pHH YMEHBb-
LWAKOTCsA. DTH AejIeHHsl He CONPOBOXIAIOTCA JeJICHHSIMH SAep, B pe3yJbTaTe IpocTo-
ro pacupejleieHHss Makpo- H MHKPOHYKJICYCOB 4MCJIO TeX M APYrHX CHH)KAaercs.
CkyenBanme OyaymuX KOHBIOTAHTOB NPOHCXONUT HABCTpedy APYr JPYry ¢ Io-
MOMIBIO BEHTPaJbHBIX OTAENOB X060TOB. POTOBBIE OTBEpCTHA HHKOraa He cOam-
KaroTcd. JIMIbL OJMH M3 NPHCYTCTBYIOUIMX MHKPOHYKJIEYCOB, IO MHEeHHIO BHiepa,
NPHHHMAET yyacTue B l-M JeNeHHM CO3peBaHHsA, TOrja Kax BCE OCTAJNbHBIC sapa
MHIDHpPYIOT B 3aHHH KOHeL ocobu. Bropoe nesneHme co3peBaHHsl JaeT Havajo
YeThlpeM #ApaM, TPH M3 KOTOPHIX IEreHEpHPYIOT, a4 OJHO HEAMTCA M daeT Npo-
HYKJICYCBL. 3aTeM CjeayeT IepeXod MHIPHPYIOUIMX NPOHYKIEYCOB H3 OJHOIO
napTHepa B APYroi, mocje 4ero KOHBIOranthi pacxoiasarcs. CHrKapHoH obpa3sy-
€TCs B 3KCKOHBLIOTaHTE U JEJHMTCS Ha JBAa HEPABHLIX 51pa, MEHbIIEee — 3TO MHKPO-
HyKJeyc, a Oosbiuee — MakpoHykieyc. Jlajee npOMCXOAMT OXHO, JBAa JHH TPH
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JeJIeHHs 3THX sAep, A0 00pa30BaHHA YeThIpeX MAaKpo- H YeThIPeX MHKPOHYKJIEYCOB.
Kakum 06pa3oM NpOMCXOAAT ITH AesieHHA B paboTe He ykaszano. [asee, oGpaso-
BaBIUHMECS MAKPOHYKJIEyChl (OYEeBHAHO, 3aYaTKH MAKpPOHYKJIEYCOB) HAYHHAIOT
JIeUTHCS aMHTO30M 10 oOpa3oBanus 32 wum 64 sanmep, 3aTeM HacTymaer ¢parmeH-
Tauusi MOCACAHNX Ha AeHHUTHBHBIC MAKPOHYKJICYChl. MUKPOHYKIEYCHI IeNATCA
MHTO30M, aasas 16, 32 wim 64 sapa. [esleHHe 3KCKOHBIOrAHTOB HAYHHACTCA HE
pasblie, Yem 4epe3 4 OHA NOCHE KOHBIOTAIHH.

B macrosimedf paGore H3y4eHa KOHBIOTauMA y ABYX KIOHOB Dileptus anser.

MartepHas H METOJAMKA

Pabora semonHeHa Ha asyX kionax D. anser (O.F.M.) KOMIUIEMEHTAPHBIX THIIOB CIIADHBAHHA,
ko8 L u xnon S (BurukoBa # Tasposckas 1973). Kynstreupopaske wHOY30pHit mpoisBo-
AHIOCH MO MeToamke, omrcanHoit Hukonaesolt (Hukonacna 1968). Yepes 2-3 waca nocie ciu-
BAaHHA KY/JbTYp 3THX KI0HOB oOpasyrorcs mapel. Ilpe Temmepartype 22 +0.5° npouecc KOHBIO-
rauEy 3anuMaeT 24-25 wac (10 MOMEHTa pa3beAWHCHMA nap). Bce ykazaHmsa BO3pacTta KOHBIO-
IaHTOB M 3KCKOHBIOTAHTOBR, NPHBOAMMBIC HHXKC, OTHOCHTCA MMEHHO K JTOH Temmeparype.

Martepuan ¢uxcupopancss kaxusre 15-20 MuH, HAYMHAA ¢ MOMEHTA OOpPA30BAHMA MMap, CiMe-
cami Bysna, benna, lllayawsa i cynemoif ¢ yReyCHOM KHCnoToM, SnepHbine npouecch! ObUTH W3y-
YeHB! Ha Cpe3ax, TaKk Kak ¥3-3a 60ombuoro xonmyecTsa sgep ¥ craboit OKpamHBaeMoCTH MHKPO-
HYKJIEYCOB TOTAMBHBIC MPEHAPATHl OKA3AIACH /IS ITOH UeNH MAJIONPUTONHLIMY, 3aTHBKA BEIACh
B mapaduH Ha LUE/UIOMAWHOBLIX IUTacTHHKAX no Meroay Ilerepdu. Cpessl TonurwHOM 5 pm okpa-
IMIMBANH XEJNE3HBIM TeMaTOKCHAMHOM Ieliacnraitna, mo denvreHy ¥ METHIOBBIM 3CICHBIM —
nEporEwHoM no Vaea-Tlammenreinvy. OOmas kXapTHHA TOH MM WHOM CTagHy MOJNYYalach C
ITIOMOINBIO rpadHYeCKHX peKOHCTPyKmwit, [ns Gonee NeTANLHOrO M3y4eHHS XpOMOCOM B Meifo3e
HMCNONB30BANach (QHKCAIHA OCMHEM IO MCKTPOHHOMHKPOCKOMHICCKOH IMPOMHCH C MOCIICayIOnIeH
3aIHBKOI B 3m0H. Cpe3sl TONMEHOK B 1 um, rOTOBHINCH Ha yabTpomukporome LKB u oxpammusa-
JTACh TOMYHIHHOBBIM CHHHM.

PeaynabTaTsl

ITocne obpazoBanus nap D. anser He NUTAIOTCA M NO4TH He aBurarortcs. Ocodn
COCAHHAIOTCS APYr C APYIOM BeHTPANbHBIMU cropoHaMu XxobGotos (Tabm. I 1).
Obrenuusrorca HHPY30pHH, HMEIOMIHE NPHOIH3ATENBLHO OAHOPOAHBIH HEGOMb-
IIOH pa3Mep Tela, TOrAa Kak BEreTaATHBHBIE OCOOH B Cpe/iHeM 3HAYHUTENBHO KpyMHee
(Ta6um. 1). D10T $aKT CBHICTENBCTBYeT O TOM, YTO NAPOYKH OGpasylOT KJICTKH,
KOTOpHIe MpeJBAPHTENHLHO IIPeTepnead OcoOble NPEeKOHBIOTAUUOHHBIC JICNICHHS.
Tlocnemuue He sBistorcs y Dileptus anser o6A3aTeNbHBIME, HO BCTPEYAFOTCA HO-
BOJIHO 4acTo.

VY npyroif 4acTH KOHBIOTAaHTOB IPEKOHBIOTAUMOHHBIE IENCHHS OTCYTCTBYIOT,
HO 3aTo HaGmIomaeTcs Ype3BHIYAHHO CBOeoOpa3HOe sBJICHHE — JEIEeHHES NapTHe-
POB yXe Iocie CHapHBaHHA. Takoe JICJICHHE BO BpeMsi KOHBIOTALMM HAYHHAETCH
C IOSABJICHHS eIBa 3aMEeTHOM MMONEPEYHOMH NEePETAKKH, KOTOpad 3aTeM yriybasercs.
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Tabmuua 1
Table 1
Jnwea Tena y BEreTaTWBHBIX ocoleit ¥ y KomblorautoB Dileptus anser NpPH CKPELIHBAHHK
xnowos L u S
Body length of the trophonts and the conjugants of Dileptus anser during mating of strains L and S

Komagecrso | JAnuua tena |
H3IMCPCHHEIX | | Length of the cell
ocobeir
Nugiber: of E IMpenennt ] Cpeanee Kpurepuit
specimens | H3IMCHYMBOCTH, pm  apudmernyeckoe, pm Criopenta
measured | Limits of distri- Arithmetical mean Student’s test
) | bution (lim) | (Mzm) ®
BeretaTHBHBIC |
KJISTKH 300 78.5-235.5 l 162.44+1.7
Trophonts ! 8.8
KOHBIOTAHTEL s f 5
Conjugants 47.1-251.2 ; 130.8£3.

Kronst 8 nammoM OmWTe Me MAPKUPOBAMMCH, WIMEPANACH WIMAA xmcrkm Ge3 xo0oTa Ha TOTANBHBLIX NPSUAPATAX
€ MOMOUILIO OKYIAP-MHKpPOMETpa npir yeeamvenun 10 x 10,

In this case strains are not marked; length of the cells is measured withouth the proboscis in magaification 1010,
using eyc-micrometer,

ITponecc peneHns 3aHEMAeT OKOJIO 4Yaca, npHYeM rocinendue 15-20 MHH TPOHCXO-
aut popMmupoBaHHe y 3amHelt ocobHm KopoTkoro xobora. [lenarcd KOHBIOTAHTEI
He Ha paBHbie noa0BHHLL O6e nepeaune 10YEPHHE OCOOH OCTAIOTCA COCMHHCHHBIMH
B niapy. Oraenusuinecs 3aJHAe JOYEPHHE OCOOH NPeACTABAAIOT COOOH MajeHbKHX
IHJIENTYCOB IpylueBHaHoOH (GopMmbl, ¢ KopoTkuM xobotom (Tabu. I 2). Yepes He-
CKOJILKO YacOB OTAC/IMBIUHECA MWICOTYChl NPHOOpETaloT HOpManbhyio GopMmy
H B CBOIO o4epelsb CIOcoOHBI BCTymaTh B KOHbIoraumio. HauGonbuwmit npouest
MEIAUMXCS B COCAHHEHHOM COCTOSHMHM HaOIoJaeTcss 4epe3 TPH yaca mocjie CiH-
SIHUA KJIOHOB.

Mpl CTONIKHYJINCH € GOJBUINM Pa3sHOOOpa3sHeM Mpolecca KOHBIOTRIHOHHOIO
aenenns. KOHBIOranThl MOryT BOOGLUE HE IEIHTCA, MOTYT HeNuThes 00a mapTHepa,
H, HAKOHEIl, MOXKEeT HEeJHThCH TOJIbKO oauH KoubrorauT (Tabm. I 3).

H}lepl{blﬁ annmapat OpEeKOHBIOTAHTOB H KOHBIOTAHTOB

SlnepHblit anmapaT BeretaTHBHbIX ocoben D. anser coctout u3 17-20 MIOTHBIX
MuxkporykiaeycoB (Mi) HeGomburoro pa3zmepa (0.3 um) n okomo 500 MaKpOHYyK-
seycos (Ma) pasmepom 2-4 um (Dragesco 1963). IIpeKOHBIOralIHOHHBIC JETCHHS
HAYHHAIOTCA ¢ MHTOTHYECKHX nenenuit Bcex Mi, Ma npuanmaroT dopMmy OT nanoy-
KoBumHOI (3-5 pm) mo menrosuamoit (10-34 pum) (Ta6n. I 4). B 3to Bpema Ma
HUMEIOT HEOMMHAKOBYIO ILUIMPMHY M HepaBHOMepHO Kpacarca mo ®Pensremy. Ko
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BPEMEHH LHUTOKHHE3a 4acTb Ma nepeTarMBaeTca HaABOE M PACTpECAACTCH MEKIY
KkJeTkamu. OOpa3oBaBIUHECS B Pe3yJbTaTe ACNCHHA AWJIENTYCHI HMEIOT npubim-
3UTENBHO OJMHAKOBEIE pa3Mephl, HCKJIIOYas ANHHY XoboTa. ¥ mepeameif novepreit
ocobu X000T MOYTH B NMOJTOpaA pasa JUIHHHEE Teja, TOrAa Kak y 3ajHeH BMECTO
xo60Ta mMeeTcA ManeHbKuif oTpocToK. IlpubnusurensHo uepes wac y aovepHen
ocobu obpa3syercs HOpMalbHBIH X0060T.

Snepuplii anmapaT TONBKO YTO pa3leMBIUKXCS JHJIENTYCOB NpPEeACTABICH
17-20 Mi (1pm) 1 nopsaaxa 300 oxpyrusix Ma (2-4 pm). Bo3moxHO, HOpMaJILHOE
KOJIAYECTEO MakpoHyKjeycoB y D. anser B JanbHellieM JOCTHIaeTcs NyTeM Je-
Jenniit oTaenpHpix Ma.

BereraTuBHbie W NPEKOHBIOTAIIHOHHBIC NEJIEHHA APYT OT APYyra He OTJIHYAlOTCH,
3a HCknroyeHHeM pasmepoB Mi. ITocie npekonbIOrallHOHHOTO JieNeHHA MMKpO-
HYKJIEYCBl HEMHOTrO KpyIHee, YeM mocne BereTaTusHoro nesenud. CoelMHAIOTCH
JApYr ¢ Apyrom ocobu, sIepHBIH annapaT KOTOPHIX MOP(OJIOTMYECKH CXOAEH C
TAKOBBIM Y BereTaTHBHBIX KJETOK.

Bo Bpemsi KOHBIOTALHOHHBIX JICJICHHH MAaKPOHYKJEYChl M MHKPOHYKJICYCHI
JIeNATCA TaK ke, KaK M NPH NPEKOHBIOTALMOHHBIX AeNeHHsX. OTINvaroTcs 3TH
JIeJIEeHAs ApYr OT ApYyra JHIUb TeM, YTO BO BpPEMS KOHBIOTAIHMOHHBIX JeJIeHHit
MECTO NEepeTsKKH KJCTKH He BCeriaa NPOXOIMT No cepeauHe Tesa. JloBonsro
4acTo 3aAHAf 0COOb ropa3io MEHbILE NEpeaHei.

Konsoraumsi B napax tuna A

B cBasm ¢ TeM, uTO OBUIO BBIABIEHO Gonbluoe passoobpasne B myTsX peopra-
HHM3aUMH saepHoro annapata y Dileptus anser, Mbl BIfeNsAeM TpH Tuna nap: A, B, C.
INapamm THDa A GyzeM Ha3blBaTh TaKHe Napbi, B KOTOPHIX AJEPHbIE W3MEHCHHS
IPOHCXOAAT B 00enx KjerTkax. SzepHble W3MeHeHHs B napax THna B 3aTparnsaior
TONBKO OJHOTO MapTHepa M HakKoHell, B mapax Tuna C sjepHble M3MEHEHHA He
npoucxoasT Bosce. HeobXoauMO OTMETHTH, YTO fJEpHBIE NPOLECCH! MOTYT Npo-
TeKaTh KaK CHHXPOHHO, TaK M acCHHXpOHHO. ITpH acHHXPOHHOM pa3BHTHM Npolec-
coB Mi OHOTrO W3 NapTHEPOB NPOXOJAT, HanpuMep, cTaauio npodassl I nenenns
co3peBaHusA, a Mi Apyroro nmapriepa — craauio meradassl I neeHus CO3pEBaHHA.

Henenns cospesanus Mi. IlepBoe nenenne co3peBaHus npereprneBaroT ot 4 1o
12 sinep. Ipodasza 1 nenenms co3peBaHMs HAYHHACTCA NPOONH3HTENBHO Hepe3
4 yaca nocsie obpa3oBanMs map H JUIATCA okoso 8 wacos !. B mawane npodasbr
Mi B3ayBarotes (auameTp okosno 8-10 pm), a BHYTpH HEX 06pa3yeTcsa O4eHb TORKAs
(densren-nonoxuTeNbHas cnapema (Puc. 1 a). Jlanee HHTH CnHpeMbl CTAHOBATCSA
oTyeTanBo 3ameTHbiMH (Prc. 1 b).

C nomompio 1-MHKDOHHBIX 3ITOHOBBIX CPE30B yAanock OOHapykHTh AWNIIOTE-
HOBYIO CTaimio. XpOMOCOMBI B 3TO BpeMS BBIIJISAAT IJIHHHBIMM M DPBIXJBIMH,

! B paneueitimem, roBops O NPOAOKHTEILHOCTH KOHBIOTAIMH M 3KCKOHBIOTALIHOHHOIO LHKNa
M 0 ‘‘Bo3pacTe” KOHBIOrAHTOB MbI OyJeM BCCTH OTCYET OT MoMenTa ofpa3oBanus nap.
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Fig.1

Puc. 1. Koustorauus Dileptus anser. TlepBoe aeneHwe Co3pesBaHus MMKPOHYKJIEYCOoB (a, b, ¢ —
Cpe3bl 5 »m, KCIC3HbIH FCMATOKCHIIHH, C, d —cpe3pl | wm, 3a1HBKA B MOH, TONYHAWHOBBIN CHHIIT);
a— paHusas npodaza, b — yronurenue HuTeil cnupemel, ¢-— aWnioTeHa, d-—— awakmnes, ¢ -—
anadaza, Ma — MaKpOHYKJICYCH
Fig. 1. Conjugation in Dileptus anser. First maturation division of micronuclei (a, b, e —5 pm
sections, iron haematoxylin, ¢,d —1 pm epon sections, toluidine blue); a — early prophase,
b —thickening of the spireme threads, ¢ — diplotene stage, d — diakinesis, e — anaphase,
Ma — macronuclei
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Fig.5 Fig.6

Puc. 2. Bropoe AeieHHE CO3PEBAHMA MKKPOHYKICYCOB (CPE3bl 5 wm, KeJC3HbIH reMaTOKCHINH);
a — pauuas nmpodasa, b — no3zausa npodasa, ¢ — meradaza, Ma — MaKpOHYKIEyChI
Fig. 2- Second maturation division (5 um sections, iron haematoxylin); a — prophase, b — late
prophase, ¢ — mctaphase, Ma — macronuclei
Puc. 3. Tperbe eicHHe CO3PEBAHHA MHKPOHYK/IEYCOB (Cpe3bl 5 um, Kesie3Hblil TeMATOKCHIINH);
a — npodasza, b — anadaza, Ma — MaKpOHYKIEYCHI
Fig 3. Third maturation division (5 um section, iron hacmatoxylin) a — prophase, b — anaphase
Ma — macronuclei
Puc. 4. Tponykieycsl B nepeMbiyke MexXay naprHepamu (ToTasibHbii npenapar, dejibren); sp —
CTAUMOHAPHBIH, MP — MHUIPHPYIOUIMIA TIPOHYKIICYC
Fig. 4. Pronuclei in the cytoplasmic bridge between the conjugants (whole mount, Feulgen);
sp — stationary pronucleus, mp — migratory pronucleus
Puc. 5. O6pa3oBanuc CHHKApHOHA (Cpe3 5 um, KCAC3HbI FEMATOKCHAMH): Ma — MakpoHYKICYChI
Fig. 5. Synkaryon formation (5 um section, iron haematoxylin); Ma — macronuclei
Puc. 6. Bropoe acnenwe CHHKapuoHa (cpes 5 um, KeNC3HbI reMaTokCHaui), Ma — makpo-
HYKJIEYChl
Fig. 6. Second synkaryon division (5 um section, iron hacmatoxylin); Ma — macronuclei
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Puc. 7. Pa3BHTHE 3a4aTKOB MAKPOHYK/ICYCOB (a-d — Cpe3st 5 um, XKeIC3HbIA TI'CMATOKCHIIMH,
e, f — Toraneuble npenapatsl, Peqbren); a-— CTagHA MEJIKO3ECPHHCTOrO XpOMaTHHA, b - ToK-
Kas XpOMOCOMHAsl CETOYKAa, C-— CTAJHsA YKOPAYHBAHHA XpPOMOCOM, d-— CTagust KOPOTKHX XpO-
MOCOM, € — (e/bren-nonoxuTeabHas cramus, f-— dopmoobpaszosatenbuas cranus. Ma —
cTapeie MaKpOHYKJIeychl, MaA — 3a9aTKH MakpOHYKJICYCOB
Fig. 7. Macronuclear anlagen development (a-d — 5 um section, iron haematoxylin, e, [ — whole
mounts, Feulgen); a — stage of fine granular chromatin, b — thin chromosome net, ¢ — chro-
mosome shortening, d — condensed chromosome. e¢-— Feulgen-positive stage, f-— formative
stage. Ma — old macronuclei, MaA — macronuclear anlagen
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00pasyioT TeTpajsl ¢ 0aHOM xHa3moii (V-o6pasusie u kpectoobpa3susie) (Puc. 1 c).
Ha cnenyromeif CTajdH, OYEBHAHO COOTBETCTBYIOLIECH AHAKMHE3Y, XPOMOCOMBI
BHIFJISIIAT KOMNAKTHLIMH M NPHHHMaAIOT 606oBuanyo GopmMy. XpoMocomsl coean-
HEHBI B OMBaJIGHTBI, MEXYy FOMOJIOTAMH B HEKOTOPHIX OHMBaJeHTaX 3aMeTHA LIEJb
(Puc. 1 d), xuasm Goneiue He BHAHO. B Mertadase nepBoro MeNeHHs CO3peBaHHS
XPOMOCOMEI PACIoOJIaraloTCs B 3KBAaTOPHAJIBHYIO MJIacTHHKY. Bepereno I nenenus
OBaJIbHOE, ¢ XOPOLIO BHIPAKEHHBIMH aXpoMaTHHOBbIMH HUTAMH (Puc. 1 e). B ana-
(daze nabmonaerca CHIbHOE YAJHHEHHE BepeTeHa. BO BpeMs mepBOro nejeHus
CO3peBaHMsi BCE 3NIEMEHTHI AJEPHOTO anmapaTta COCpPeNOTAauYMBAIOTCS B CCpEAMHE
Tesia MHGBY30pHH. 3anHsAs YeTBEPTh KIAETKH M oOiacTe OT Xo60Ta [0 pOTOBOro
OTBEPCTHs! OCTAIOTCA CBOOOAHBLIMH OT saep.

Bropoe nenenme cospesanusi Mi naunnaetcsa vepes 12-15 yac u npomomkaercs
1.5-2 yaca. B HeM yuacTByioT oT 2 10 6 npoaykroe I aenenust Mi. B npodase sapa
HabyxaioT (auameTp okono 5-7 pm), a BHYTpH HuX oOpasyercs TOHKas cnupeMa
(Puc. 2 a). JIoBOJBHO CKOPO HHTH CHHPEMBI CTAHOBATCS KOPOTKHMH M TOJCTHIMH
(Puc. 2 b). B meTtadaze Broporo aesenus obpa3yercs THNHYHAS 3KBATOPHAIbHAS
MJIaCTHHKA, C XOpPOWIO BEIPaXEHHBIMH HHTAMH Beperena (Puc. 2 ¢). ®opma saep
6onee oxpyrias M IUTHHA BepeTeHa MeHblue, yeMm B Metadasze I genenus. Ha craaun
anadaspl ¥ Tenodaspl BTOPOro HeleHHs sapa MMEIOT BHITAHYTYIO dopmy. DTH
CTaHH TPOTEKAIOT NOBOJBHO OBICTPO.

Tperbe nenenue CO3peBaHMA H MOCTEAYIOLIME CTaAMH BIUIOTH 1O JACNCHHH
CHHKApHOHA CIEAYIOT O4eHb OBICTPO JAPYT 3a JAPYrOM H NIPOTEKAIOT NPHUOIN3HTENLHO
3a yac. KonnuectBo Mi, Haynnarommx III menenme, kome6nercs or 1 mo 3, no
3aKaHYMBACT €ro, mo-BHAMMOMY, oaHO sAapo. Hduamerp Mi oveHp mMan — 3-4 um
(Puc. 3 a). B metadase u anadaze XpoOMOCOMBI HACTOJNBKO MEJKH, YTO €ABa TOH-
Kas 3KBaTOpHalnbHasd M aoyepHue mnactuhku (Puc. 3 b).

Ilponykneychl M nenenusi cuakaprona. O6pa3osasiinecs Bo Bpems III genenns
co3peBanuA sapa MoOphoNOrnueckH OTAMMArOTCA ApYr OT apyra. OIHO M3 HHX
MEJIKO€, NMJIOTHOe, AMaMeTpoM okosio 2 um. JIpyroe Gonee kpynHoe (0koyio 4 um),
3epHHcTOE, OHO ciabee okpauwmBaercs no Penvreny. Oba sapa 6w oOHapy-
JKEHBI B PailOHEe I'JIOTKH MAH CIMBIIMXCA XOOOTOB, TO €CTh B NEPeMbIYKEe MEXIy
napTHEpaMH, NpHYeM B TOCHeaHeM ciy4yae 0ojiee KpylHOE sJIpO  HAXOAWJIOCH
npokcuManbHee (Puc. 4). Wuorpa Gojee XpynHoe sApO JNeXajo B OCHOBAHHH
xo6orta. OueBHAHO, 3TH IBA AApa ABJIAIOTCH MPOHYKIEYCAMH.

Crnenyromas oTmeuenHas craaus — obpa3oBanne CHHKapuona. [Iponykieychr
JieXKaT paaOM APYr ¢ APYroM B nepenHeif wactu Tesa awaentyca (Puc. 5). B sro
BPEMA OHH HAXOAATCA H HHTEP(PA3HOM COCTOSHHH. B MecTe HX CONPHKOCHOBEHHSA
AnepHbie O0OOJOYKHM CAMBAIOTCA M 3aTeM CJHBACTCA COAEPKHMOE NPOHYKJIEYCOB.
OG6pa3oBaBiuniics CHHKAPHOH TIOYTH Cpa3y HaYMHACT JEJNThCA. B pesyibTaTte 3T0r0
nenenust obpasyrloTcs nBa sApa, KOTOpBIE NPHCTYNAalOT KO BTOPOMY JIEJICHHIO
cunkaprona (Puc. 6). Bepetena BTOPOro JeNeHHA JIeKaT NapajuiesIbHO APYT Apyry.
Uncno neneHnii CHHKAPHOHA OYeHb M3MEHYMBO M Bapbupyer OT 2 jo 4, uspeaka
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Berpevaerca oauo genenue (Tadn. II 5). B pesynsTate nenennit cuakapuona obpa-
3YIOTCH A1pa, YaCTh KOTOPBIX HAYMHACT PACTH M NPEBPAINACTCA B 3a4aTK¥ Makpo-
HYKJIEYCOB, a 4YacTh auddepeHnupyercs B MHKPOHYKJIEYCHI.

W3meHenna 3a4aTKOB MaKpOHYKJeYcOB. 3ayaTKH MAaKpOHYKJIEycOoB o0Gpa3y-
107CH vepe3 16 wac, B yCIIOBMAX HAlUEro ONLITa, H B Hayane HMEIOT Hebonbiume
pa3smepnl (5 pm), 3atem oHm HabyxaroT H mocrurairotr 7-10 pm B amamerpe. CHa-
Yajga XpOMATHH BBILJISAANT MEJIKO3EPHUCTLIM H JOBOJIBHO PaBHOMEPHO pachpe-
zeneH 1o ecemy sapy (Puc. 7 a). 3aTem cTaHOBATCS BHANMBIMH TOHKHE XPOMOCOMBI
(Puc. 7 b), KoTOpeie YKOPaYHBAIOTCH, YTONIIAIOTCA H PAaBHOMEPHO pachpees-
1oTCcsi o Beemy aapy (Prc. 7 ¢, d). Benen 3a atuM, Ha cragnu 24-25 9acoB, naprHe-
PHI pacxoastcs. JanbHeniue AnepHble H3MEHEHHS NPOTEKalOT B IKCKOHBIOIAHTAX.

OKCKOHBIOTALHOHHBIH TNEPHOA. VY TNPOCMOTPEHHBIX 3KCKOHBIOTAHTOB OBLIO
BBISIBJICHO Goiblioe pa3HooOpa3sue B COOTHOLICHEM ymcaa Mi H 3adaTkoB Ma
(Tabn. II 5-7, Puc. 8). HamGonee yacTo BCTpevaroumieecs COOTHOILUEHHE — OIHH
Mi u versipe 3ayatka Ma (Ta6xn. IT 6). B 5KCKOHBIOraHTaxX MPOXOJIKAETCH Pa3BH-
THe 3avaTkoB. [locneanue CTAHOBATCA OTYETIHBO (heTbreH-MONMOKHTEIbHBIMHE
(Pxuc. 7 e). OTaensHBIX XpoMOCcoM yxke Gostee He BHAHO. B kaxaoM 3avaTke TOSBIIs-
I0TCA MEJIKME BaKyoJH, He Kpacsammecs no Penbreny. ITpubausuTeNbHO B 3TO
BpeMs NPOHCXOIMT HECKOJBLKO MOCHEIOBATENbHBIX MAEJIeHHH 3a4aTKOB HAIBOE
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Pac. 8. 3aBHCHMOCTD MEALY YHCIIOM 3a4aTKOB MAKPOHYK/IEYCOB (110 OCH abCuHcc) ¥ 9HC/IOM MEKPO-
HYKJIEYCOB ¥ 3KCKOHBIOraHTOB. Ha OCH OpAWHAT OTIIOREHO YHCI0 cayyaes (n), B KOTOPhIX Habmoaa-
JIOCh OMpeAeTIeHHOE KOIHYCCTBO MAKPOHYK/IeYCOB: a — npu 1 Mi, b —npu 2 Mi, ¢ — npu 3 Mi,
d — npir 4 Mi
Fig. 8. Correlation between the number of macronuclear anlagen (abscissae) and the number of
micronuclei in exconjugants. Ordinates: frequencies for each number of macronuclei in cases with
one Mi (a), with two Mi (b), with three Mi (c), and with four Mi (d)
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(Taon. II 8) moka u3 HUX He O0OPa3yIOTCA MHOrOYHCIICHHBIC TeJbla — AehHHUTHB-
Hele Makponykieycst (Puc. 7 f), uncino mocneanux npepsiuaer 300 (Ta6x. IT 9).
Hopmansnoe yncino Mi BOCCTAHABIHBACTCA B PE3YJILTATC MUTOTHYECKHX ACNCHHIT
uMerowmxcs Mi. Peoprannzaumsa saepeoro anmapata D. anser He CONPOBOXKIACTCA
MeTaraMHbBIMH JEJCHHAMH 3KCKOHBIOTAHTOR.

Crapble MAaKpOHYKJEYChl MOTYT HE H3MEHSTH CBOIO (JOPMYy O KOHUA KOHB-
YOrauuH, TOJBKO CO BpeMeHeM Oenee KpacaTcs no MPeabreny M HCHE3arOT COBCEM
yKe y 9KCKOHBIOraHtoB uepes 50-60 wacoe. HerxoTopble MakpOHYKJICYCHI Yepe3
4-5 yac mocie 0oOpa30BaHMA nap MPHOOPETAIOT (OPMY HENPaBHIBHO H3OTHYTHIX
TooKkel. Jlanee 3TH TAKH pacnafaroTcsd Ha MeJNKHE (PparMeHTBI, 4acThb KOTOPBIX
aeredepupyeT. OcraBuinecs (pparMeHTHl CIMBAIOTCA B Gosee KpyNHbIE, HEMPaBHIb-
HOif (pOpMBI, KOTOpble NOCTENEHHO Bce Onenmee ¥ OieaHee OKPAUIMBAIOTCH IO
DesbreHy M MCHE3aIOT COBCEM.

Konsroraunsa y nap tana B

B HekoTOpBIX ciydasX npy wu3ydeHud KoHbiorauuu y Dileptus anser 6bu10
obHapykeHO OTCYTCTBHE SNEPHLIX H3MEHCHHIf B OAHOM M3 ITapTHEPOB, TOrjJa Kak
B JIpYIOM 3TH H3MeHeHHs npoucxoausn. ITo BHemmeMy BHY NAPTHEPOB HEBO3MOXKHO
CKa3aTh, KaKOrO THIA sIAepHAA PeOpraHu3alys y HAX npoucxoaut. Mopdomorn-
YeCKHX pa3NIHYMi B CTaJHAX peopraHd3auuy siaep y nmap A u mnap B npakruyeckn
HeT. OTJIHYAIOTCA JIHIUL KOJHYECTBA HAep, YYACTBYIOWIMX B PEOPraHu3aiHi.

Ilepsoe neyenme co3pesauus HaumHaeTcq Yepe3 6-12 yac H B HEM NPHAUMAFOT
y4yactae 5-8 Mi. Yepes 12-14 vyac 2-3 muxponykiaeyca npuctynawot ko II nenernmuio,
a 3atem caenyer III nenenue, B KOTOPOM y4acTBYeT JHIUb OZHO sapo. B pesyis-
TaTe ITOro AeJeHHsA, KaK H y map Tuna A, obpa3yioTcsa aBa Mopdosoriuyeckn pas-
JIMYHBIX fApa, NpoHykaeychl. ITo-BHamMoMy B TOM mapTHepe mapbl ThHna B, roe
MICT TPOLECC AJEPHOI PEeOpraHH3auMe, CHHKAPHOH OO0pa3yeTcsi NyTeM CAusHUSA
JBYX CECTPHHCKHMX INPOHYKJIEYCOB, TO eCThb myTeM aBroraMui. OnaHako camblif
MOMEHT CIHAHHA NPOHYKJICYCOB HamH He HabGmromaics. OOpasopaBrumiicss CHHKa-
puOH neinnThes 2-4 pasa. JaneHeifuiee pa3BuTHE ACPHBATOB JEICHHA CHHKAPHOHA
CXO/IHO C TAKOBLIM B napax tuna A. Yepe3 24-25 yac NpPOUCXOAHT pa3beiHHEHHE
napoyex. B 9KCKOHBIOraHTe, rie NPOMCXOAWT siAepHas PeopraHH3auus, pPa3sBATHE
3a4aTKOB MaKpPOHYKJIEYCOB M MHKPOHYKJICYCOB INPOHCXOAHT TakKHM ke oOpa3oM,
Kak ¥ Y 3KCKOHBIOrauToB THma A. SaepHbiif annapar mapTHepa, B KOTOpOM He
NPOMCXOAMIN SZICPHBIE H3MEHCHHS, OCTACTCA AHAJOTHYHBIM TAKOBOMY y Berera-
THBHBIX KJICTOK.

Hapsiny ¢ xombrorammeif, npoucxoaswei mo tuny A u B Mbr obnapyxung
B 279, ciy4aeB mapsl, e OTCYTCTBOBAJIA AJCPHBIC U3MEHEHHA B OOOHX mapTHe-
pax (mapel tHma C). Takue KJIETKH OCTaBAJHCh COCAHHEHHBIMH APYT C JIPyroM
B Tevenne 10-15 yac, a 3aTeM pacXoaMJIACH.
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Obcyxnenue

[IpeKoHBIOraMOHEBIC M KOHBIOTaUMOHHBIE JejeHHs. [IpekOHBIOralHOHHBEIE
JeneHns cpeny MHGY30pHi, /Ui KOTODBIX M3BECTHBI THNBI CHAPMBAHUS, ONHMCAHBI
TonBKO y Stentor coeruleus (Webb and Francis 1969). Ocobrie nenenns nepen
HAYaJoOM KOHBIOraluy cpeaH cBoOOAHOXMBYIMX HHGDY30pui onucaubl y Di-
dinium nasutum (Prandtl 1906), Stentor polymorphus (Mulsow 1913), Loxodes
(Bogdanowicz 1930), Fabrea salina (Ellis 1937). V Dileptus ocoOble nesneHus
nepeji Konsrorauueif 6uim orMevensl ewe Iepreurom (Hertwig 1904). I'eprur
OBITAJICA CBS3aTh MX C rojojJaHMeM MH(Y30pHH H Ha3Baji MX “‘TOJOOHBIMH Jejie-
pusmvu”. Buuep (Visscher 1927) takke oTmevas aBa JesieHHs nepel KOHBIO-
rauMei, npuYeM BO BpeMsA NPEKOHBIOTAHOHHOIO AejeHHs MM He ObUIo oOHapy-
KEHO HH OJHOro jeJsuierocs sapa. TakuMm oOpa3oM OH CYMTAJ NPEKOHBIOrALHOH~
Hble JeJeHHd IUIa3MOTOMHMEH, HE CONpOBOXAAEMOM 'paamuoxcermem anep. Ilo
HAlIMM JaHHBIM, NPKOHBIOTALMOHHBIE neneHHs y Dileptus anser BcTpevaroTcs
JIOBOJIbHO 4YaCTO H IPEACTABIAIOT coO0H HOpMabHOE IeJIeHHe HaBOE, 4 He MIa3Mo-
ToMHKO. Mi BO BpeMsi NpPeKOHBIOTaLMOHHOIO NENEHMsA JeNATCS MHTO30M, a Ma
CTAHOBATCA Y/UIHHEHHBIMH H IepeluHypoBbiBatoTcd. Jlunentychi, obpasyromme
napel, OTJAMYAIOTCA OT BEreTATHBHBLIX KJETOK TOJBKO MEHBIIMMH pa3MepaMH,
B OTJIHMHE OT MApa3sHTHYECKMX M PAAa HHU3IWKX HH(]Y30pHH, Y KOTOPHIX SIAEpHBIH
annapaT BereTaTHBHBIX KJETOK M INpeKoHbiorantos pasnuuen (Dogiel 1912,
INonsuckuit u Crpenko 1938, Paiixor 1958, 1963, Raikov 1972, Kova-
leva 1972 u ap.).

O6napyxennsie y Dileptus anser penenus mocne obpasopanus nap (KOHbIOTa-
LIAOHHBIE JieJIeHHs) ObUIA 1O CHX TIOP ONMHCaHBI TOJNLKO s HH(Y3OpHi OoTpsna
Apostomata (Minkiewicz 1912, Chatton et Lwoff 1935). V stux mudysopuit
Nocjie COeAWHEHHsT KOHBIOTAHTOB HAYHHAETCA TAJMHTOMHA OOOHX NapTHEpPOB,
B pesyasbTaTe KoTopoi obpasyiorca uenoukd ocobei. I[Tocneanme 3atem pacna-
JIAIOTCSl HA MEJKHE KOHBIOTHPYIOUHE naphl. DTOT NpoLecc Ha3BaH CHHAECMOra-
MHHAEH WIN 3uronanuaTomMueii. ¥ Dileptus anser mopenerye SAEPHOro annapara npu
NPHKOHBIOTAIMOHEOM H KOHBIOTALMOHHOM JIEJIEHHH OJMHAaKOBO. B CBsi3H C 3THM
MOXHO TPEANOJOKHTH, YTO KOHBIOrALMOHHLIE JEIeHHs, 110 CyYLIeCTBY, ABJIAIOTCA
NPeKOHBIOralHOHHBIMH, HO CMELIEHHBIMH BO BpPEMEHH H NPOHCXOASIUMMH Tocie
obpazoBanna map.

SlpepHas peopraHM3auMs NpH Xowblorauun. HeoGXxoamMo OTMETHTB, YTO
ONHCAHHBIH HAMH XOJ KOHBIOTAUMH Yy D. anser CyUICCTBEHHO OTJHYAETCA OT AaH-
ueIX Bumepa (Visscher 1927). OueBnano MOXHO CPaBHHBATH Hally KOHBIOTALHIO
y nap tuna A c xowbrorauueii, onucannoii Bumepom. Ham He BeTpeTHiCA HH OJHH
caydai, yTobpl kK I JeNEHHIO CO3pPEBAHMA NMPHUCTYNAN TONBKO omuH Mi, Kak 3To
onucano Buinepom. UHciIo BepeTel NEpBOro JieJeHHs Co3peBaHns He 00A3aTeNbHO
paBHoO umcay Mi, HO WX BCerza HeCKojbKo. Takxke He ObUIO OTMEYEHO MHIPALHH
BCEX S/ICPHBIX 2JIEMCHTOB BO BpEMs NEPBOIO JeJIeHWs CO3peBaHHs B 3allHHI KO-
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Hel[ Tejla AWienTyca, a, HaobopoT, Obla OTMe4YeHa MX KOHUCHTPALMS B cepeanHe
tena. M3 paGotsl Buiepa He ACHO, KaKOBO YHCIO JeleHMH cuHkapuoHa y Dilep-
tus ‘‘gigas™ (anser?). Ilo Buiuepy, B pe3yabTaTe MEPBOTrO JENCHHA CHHKAPHOHA
o0pa3yroTca ABa HepaBHBIX A1pa. ManeHuskoe a1po oH o6o3HavaeT kak Mi, a 601b-
moe — kKax Ma. [lanee cineayer OaHO, XBa, MM TpH AeneHHs 3THX suaep. Kaxum
obpa3oM esiATCs 3TH Anpa, Habaonaics 1u MUTO3 — U3 paboTsl Buiuepa He sicho.
OueBHAHO, MOKHO CAMTATE YTO, 0 Buiuepy, y Dilepius iMeeT MECTO OIHO IENEeHHE
cuHKapHoHa. ITo HAmMM MaHHBIM, YHCIO JeNeHH CHHKapHOHA OYCHb M3MEHYHBO,
u3peaka OpiBaeT OOHO Jienenne, a vame ot 2 1o 4. ITo Bumepy, neneHus CHHKapH-
OHa NPOHCXOJAT B 3KCKOHBIOTaHTe. MBI CUMTaEM, UTO 3TH JACNECHAA HMEIOT MECTO
10 pazbeauHeHns napoyex (vepes 15-16 vac B ycnopuax Hanrero oneita). ITockonsky
HauIg JIAHHBIE CYIIECTBEHHO OT/JAHYAKOTCHS OT JAHHBIX Buiuepa, cKa3zaHHOe Bbille
JaeT BOZMOXKHOCTH NPEAnojaratb, ¥TO NMOCHeaHHil paboTan ¢ KaKHM-TO JPYrHM
BHJIOM.

B aroit cBa3m BaxHO, ¥TO B cHcTeMaTHke poaa Dileptus nonroe Bpems Obuta
nyranuna (Dragesco 1963). Buiuep nazwiBan wndy3opuio, ¢ xoTopoit pabora,
Dileptus gigas. B nansueitviem Xaec (Hayes 1938) u [paxecko (Dragesco 1968),
HCIIOIb3Ys Onucanusa Buuiepom siaepHOro annapara, ero )OpMbl, BBICKa3aiH MHe-
HHe, 4TO nocjaenHuit umen neno ¢ D. anser. OfHaxo 3710 He Golee, ¥eM NPeanoo-
AeHne. B Hacrosiniee BpeMs TPYAHO CKa3aTh, ¢ Kakum BHaoM Dileptus pabotai
Brmep u noyeMy HaliM M €ro JaHHBIE CTOJIb CHILHO OTJIHYAIOTCA IPYr OT Jpyra.

IMepsomy nenenuio co3speBanust y uH(Y30pHI NpeauecTByeT MelfoTHYeckas
npogaza. OBLMHO OHA BKIIOYAET OIHY M3 ABYX XapaKTepHLIX cTaanii—anbo *“‘cra-
a0 cepria”, nuGo “cranmio mapaunora”. Hecmorps ma To, 4To Hamu He Oblio
OTMEYEHO MM TOil HM JpYroil Crasmu Mbl cuuTaeMm, uro B I jieleHUH cO3peBanus
HMeeT mecTo Meiio3. O6 3TOM roBOpUT HajJMuMe TETPaJ B JHILUIOTEHOBOH CTaHH,
OHBAJICHTOB BO BpeMs NMaKuHesa, a Takxke OOJBLUOH pa3Mep siiep, YHacTBYIOMUX
B NIEPBOM JICJICHUH CO3pPEeBAHMA.

ITporykiaeychl, craaus oOpa3oBanus IIPOHYKIEYCOB H HX MHIpAlMsA, Majo
u3y4ensl Buituepom. Onnako OH nuuier, 410 O0OMEH NPOHYKJIEYCaMH NPOHUCXOHT,
OCHOBHBIM [IOKa3aTeJILCTBOM OOMeHa NPOHYKJIEYCaMM MOTYT CAYXKHTh HeHocpei-
CTBEHHbIC HAGMIONCHHS B MOMEHT Tiepexoja MPOHYKJIEYCOB M3 OJHOTO NapTHepa
B apyroii. ITockonbky HamMu GbUTH OOGHapyxeHbl MPOHYKIEYChl B paifone xobora
(Pric. 4), MOXHO NPEANOAOKNTL, YTO Yy D. anser WMeeT MECTO JBHAKCHHE MMIDH-
PYIOIHX TPOHYKJIEYCOB 110 KjaccH4eckoii cxeme. OaHako, HE HMCKIIOYECHO, 4TO,
Haxojaswuecs B paiioHe xo00Ta NPOHYKIEYCHI HE TEPeXOAAT B KJICTKY IapTHepa
H YTO CHHKapHOHHI y nap THina A o0pa3yroTcsi B pe3ynbTaTe ABOHHON aBTOraMHH.
Tem He MeHee, 3HauUMTENbHO OOJNee BEPOATHO, YTO y MAap THNA A saepHas peopra-
HH3aUMA TNpOTeKaeT mo Tumy amMpuMHKTHYecKOii konblorauue. B sautepatype
NIpHMEPHI ABOMHOM ABTOraMHH B OCHOBHOM H3BECTHEI B nipejieiiax pona Paramecium
(Wichterman 1940, Diller 1948, 1958, Siukosckuit 1960).
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CpoeoOpasnas sjaepnas peopranusauus Habmonzaercs y nap tuna B. Cesuiox
B JIMTEpaType Ha moao0Hbie BAPHAHTHI (OTCYTCTBHE AAEPHBIX M3MEHEHHH B OJHOM
M3 MapTHEPOB H HAJHM4YMe MX B JPYroM) HaM He yganoch Haiti. ¥ map thnna B
BO3MOXHBI [iBa BApHaHTa SJICPHBLIX M3MeHeHuif. Ecay MHUrpHpYIOMMH NpOHYKIEYC
NEepeXOJUT B MApTHEpa, B KOTOPOM SJIEPHBIE H3MEHCHHS HE NPOUCXOJST, TO
HOBBIH SACPHBIH annapar y KJIETKH-J0HOpa 00pa3yercs M3 OJAHOIrO IpOHYyKJeyca
(remukapuona). B smreparype nogobusie npumepst u3sectHbl (Chen 1940 a, b,
d, e, f w ap.). Y Paramecium bursaria OZHOCTOPOHHMI{ II€PEXOJ MHIPHPYIOLINX
NPOHYKIEYCOB HHOI1a HMEET MECTO NpH KOHBIOralHH, Tlie SAePHbIe PONECcChl HAYT
B oboux napraepax. ¥ P. caudatum w P. bursaria pa3seuTHE OAHOTO TEMHKapHOHA
B KaXIOM MaprHepe MOXET NPOHCXOJHTh NPH KOHBIOTALMH HOPMaJbHONH 0co0H
¢ 6eamukponykieycHoit (Chen 1940 a, b, e, f, Cko6y0 1969, Cxo630 u Ocunos
1972).

Bropoii BapHanT sIepPHBIX M3MEHEHHH y map THna B Bo3MoxeH, ecnu 0ba npo-
HyKJieyca KJIeTKM, B KOTOPOH NPOMCXOAAT ANCPHBIC H3MEHEHHUS, CIHBAIOTCA MEKY
coGoit B cuHkapuoH. Taxoi THN SAEpHBIX Mpeodpa3oBaHNil MOKHO Ha3BaTh OJIHO-
CTOPOHHEH KOHBIOraUHOHHON aBToraMmueif. 3Ta BUMOXHOCTE HaM Xaxkercs Ooee
PeaNbHOM, HO TOK4 HeJb3sl MCKJIIOYATh M CYLIECTBOBAHME NEPBOrO BAPHAHTA.

B auTepartype ecTs NpUMEphl ABTOraAMHH, HHAYLHPOBAHHOMN MyTeM MCKYCCTBEH-
HOIO MJIH €CTeCTBEHHOIO NPEeXICBPEMEHHOIO Pa3beJHHEeHHS KOHBIOIMPYIOUIHX
nap (Ionauckuii 1938, Vivier 1960, Ocunos 1966, Ossipov and Skoblo 1968,
Cko6ys0 u Ocunos 1966, Skoblo and Ossipov 1968, Cxo6so 1972 u ap.).
Jns HOpMAajipHOIO TEYCHHs SIePHLIX TPOLECCOB 31eCh AOCTATOYHO MOBOJIBHO
KOPOTKOrO BpPEMEHH COeIMHEHMsI NApTHEPOB B OTJHYE OT HALIEr0 BApHAHTA.

Hakomneu, o xakuM-TO npuunHaM B mapax Thna C saepHbIC NPONECCH BOBCE
HE NPOHCXOAAT, YTO, MO-BHAHMOMY, MOXHO paccMaTpHBaTh Kak IpHUMeEp IICEBIO-
KOHBIOTaLHH.

Iepuoa peKOHCTPYKLHH s/epHOro annapata y Dileptus anser OTIM4aeTCs CTONbL
6ob10l BapHaGeNBHOCTHIO, YTO TPY/AHO BBIIGAHThL OAHH M3 CnOcoGOB pPeKOH-
CIPYKUHH M CYUTATh ero HOpMON. B GoJbiinHCTBE Cily4yaeB HOBLIE MAKPOHYKJICYCHI
00pa3yloTcd M3 HECKOJbKHX 3auaTkoB. ITOCKOJIBKY MeTaramHbIX [eJIeHHI 3KC-
Koubloranra y D. anser HeT, TO, BO3MOXKHO 4T0 Ma B npesenax KJIOHa MOTYT IPOHC-
XOAMTh M3 Pa3HBIX 3a4aTKOB. DTO CYIUECTBEHHO OCHOXKHHT IOCHCAYIOINYIO ICHE-
THYECKYI0 paboTy ¢ 3THM OOBEKTOM.

Pe3ome

ITepen o6pazosanueM nap ocobu D. anser (O. F. M.) MOTYT HCNBITBIBATEL IIpe-
KOHBIOTAaUMOHHBIC AehcHuA. MHQY30pHH MOIYyT OenuThcs Takke M B HepBble
Yackl Mocae coeauHeHns (KOHBIOTalMOHHBIE AeneHus). Bo Bpemst TeX M APYrHX
jgenenuit Mi genarcs MHUTO30M, a Ma CTAHOBATCA JICHTOBHAHBIMH HJIM NAJIOYKO-
BHAHBIMH M NEPEUIHYPOBLIBAIOTCS HAJBOE HE CIMBAACH Mexay coGoi.
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ITouTH BCE MHKPOHYKJICYCHI yyacTBYIOT B 1 jnesnenun cosdpepanus. Ko Bropomy
JICJICHHIO CO3PEBAHHs NPHCTYNAIOT OT 2 10 6 NpOoAYKTOB NnepBoro aejenus. Tperse
AeJIeHHe HAYMHAIOT OT | 10 3 Axep, HO 3aKaH4YMBACT €ro, 0, BUANMOMY, OJHO S/PO.
OGpa3zoBaBuinecs B pe3yjibTaTe TpeTbero AeNieHus sapa MOpdOSOrHyeckH OTjiH-
HaloTCA APYT OT ApYyra, O4eBH/HO — 3TO NpoHykKJeycsl. [Jaee cienyer obpazosanue
CHHKAPHOHA M €ro rnocieayroiue aenenns. Yucno nenennii CHHKapHOHA N3MEHYHBO-
(or 1 no 4). Yacts nepuBaToOB JefeHnii CHHKApHOHA NpeBpanlaeTes B 3a4aTku Ma,
a vacTh B Mi. 3ayaTkn Ma no3xe nociae0BaTeJbHO JCNATCS HANBOE H NIPHHHMAIOT
(opmy, xapakrepuyro aias Ma BereratuBHbiX Kinerok. Hopmanbhoe umcio Mi
BOCCTAHABIMBACTCA B PE3yJbTaTe MX AOMOJHUTENBHBIX MHTOTHYECKHX ICTCHHIA.
Meraramiubie JICJICHHs IKCKOHBIOTaHTOB (C pacnpezencHueM 3avaTkoB Ma) oTt-
CYTCTBYIOT.

Beuio obHapykeno Gonbluoe pa3HooOpasne B NyTsX peopraHu3aluy siep-
HOro anmapaTta BO Bpems koubiorauwu D. anser (O. F. M.) Beizesneno tpu tHna
nap: napsl A — fJepHbIC M3MEHCHHS NPOMCXOJAT B OOEHMX KJIeTKaxX, mapsl THna
B — sameprble H3MeHeHHs TPOMCXOAAT TONLKO B OAHOM NapTHEpe W napnl THha
C — snepHple W3MEHEHHA HE NMPOUCXOAAT HH B OJHOM M3 NAPTHEPOB.

SUMMARY

The ciliates Dileptus anser (O.F.M.) can undergo a pre-conjugation division. They can also divide:
during the first two hours after pairing (the so-called conjugation division). During both pre-con-
jugation and conjugation divisions, micronuclei divide by mitosis. Macronuclei become ribbon-like
or stick-like and divide too without fusing with each other.

Almost all micronuclei undergo the first maturation division, which is preceded by a typical
meiotic prophase. Two to six derivatives, of the first division take part in the second maturation
division. One to three nuclei begin the third maturation division, but only one of them brings this
division to the end. Two pronuclei are formed which differ from each other. Synkaryon formation
follows. The number of synkaryon divisions varies from one to four. Macronuclear and micro-
nuclear anlagen are formed. The macronuclear anlagen later divide into definitive macronuclei.

The normal number of micronuclei is restored after several additional mitotic divisions. No
metagamic divisions of exconjugants (segregating the macronuclear anlagen) exist.

There are three ways of nuclear reorganization during conjugation of Dileptus anser: (1) pairs.
of type A — nuclear reorganization takes place in both conjugants , (2) pairs of type B — nuclear
reorganization takes place only in one conjugant, (3) pairs of type C — no nuclear changes are
present in either conjugant.
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NOAINMUCHU K TABJIMLIAM I-11

1: Konslornpyroue ocobu Dilepius anser O. F. M. xnonos L u S (DpHKM3HEHHO, 3¢pHA TyLIH
MapKEpPYIOT KJIETKY kiaoHa L) 100x

2: OtpenmBmIMiCS 3aaHKi IMPOAYKT KOHBIOTAMOHHOrO JeNneHMs (NpMKH3HEHHO). 300 x

3: [lenenwe BO BpeMs KOHBIOTALMH ONHOrO M3 NMAPTHEPOB (NPHAM3HCHHO, 3¢pHA TYINM MapKH-
PYIOT XJeTKy kiaona L). 100x

4: BuITATHBaHME MaKpOHYKJICYCOB NPH NPEKOHBIOTALHOHHOM JEJCHHYM (Cpe3, XKeNe3Hbli rema-
TOXCHIKE). 1000 x

5: DxckonbOranT (ToTamepEbni nmpemapar, Peibren). B pesynsrarte OZHOrO AENEHES CHHKapHOHA
obpasyercs 1 Mi w 1 MaA. 1200

6: DxckonsioranT ¢ 1 Mi ¥ 4 MaA (toranenuii mpenmapar, ®ensres), 1200 x

7: DxckonsioranT ¢ 1 Mi w 5 MaA (roranbueii npenapar, ®ensren). 12000 x

8: [enenme 3avaTkoB MaxkpoHykiaeyca (MaA) maapoe (ToTanbubiii mpemapar, ®emsren). 1200 x
Mi — MEKPOHYK/IEYChH

9:201.21pe06paaonanne 3a4aTkoB Ma B JedwHMTHBEEIC szapa (TOTanbERBE mpenapar, Penwren).
1 x

EXPLANATION OF PLATES I-1I

1: Conjugation in Dileptus anser O. F. M. between cells of L and S clones (living cell, the L animal
marked by India ink inclusions). 100 x

2: Posterior product of the division during conjugation. In vivo, 300 x

3: Division during conjugation of only one partner (in vivo, the L cell marked by India ink inclu-
sions). 100 x

4: Stretching of macronuclei during preconjugation division (section, iron haematoxylin). 1000 x
5: Exconjugant showing one micronucleus and one macronuclear anlage as a result of a single
synkaryon division. (Whole mount, Feulgen). 1200 x

6: Exconjugant with 1 micronucleus and 4 macronuclear anlagen. (Whole mount, Feulgen). 1200 x
7: Exconjugant with 1 micronucleus and 5 macronuclear anlagen (Whole mount, Feulgen). 1200 x
8: ?ipary division of macronuclear anlagen (Ma A) (Whole mount, Feulgen). 1200 . Mi-micro-
nuclei

9: Transformation of macronuclear anlagen into definitive macronuclei (Whole mount, Feulgen).

1200 <
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Effect of puromycin on regeneration processes
in Dileptus anatinus Golinska, 1971
Wplyw puromycyny na procesy regeneracyjne
u Dileptus anatinus Golinska, 1971

In the following studies the effects of puromycin upon the stomatogenesis and
on the processes of proboscis and tail formation in regenerating fragments of Dileptus
anatinus were observed.

The puromycin inhibits the synthesis of proteins (Yarmolinsky and De La
Haba 1959) binding with the peptide chain and causing its detachment from the
ribosome (Nathans 1964 a, b, also review of Sprin and Gavrilova 1969).

The effects of puromycin on the regeneration of ciliates was studied in Stentor
and Lacrymaria. The observations concerned mainly the process of stomatogenesis.
The exposure to puromycin after operation may inhibit the regeneration of the mouth
in stentor, with that the resorption of early primordia occurs, or their development
becomes blocked in late stages (Burchill 1968, Ellwood and Cowden 1966,
James 1967). James (1967) administrated puromycin for long time before the
operation and stated that in this case the later stages of stomatogenesis are blocked —
the regeneration may initiate in the presence of puromycin, but it can not pass the
stage 2 of regeneration. Burchill (1968) supposed that the final, essential protein
synthesis for regenerational stomatogenesis of stentor takes place during the stage
5. Burchill (1968) and James (1967) observed also the slowing down and delay
of the regeneration of the mouth of stentor caused by puromycin. A similar pheno-
mena stated Bohatier (1972) in Lacrymaria. Ellwood and Cowden (1966) ob-
served the influence of puromycin upon the regeneration of the AZM in stentor —
they stated that the inhibition of regeneration is complete and irreversible. However,
they used very high concentrations of puromycin.

The divisional processes of ciliates can also be inhibited by action of puromycin.
Frankel (1966) observed a significant prolongation and inhibition of division in
Tetrahymena, and found the transition point for the action of puromycin (Fran-

! Permanent address: Department of General Biology, M. Nencki Institute of Experimental
Biology, Polish Academy of Sciences, 00-973 Warszawa, Pasteura 3, Poland.
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kel 1967). He also observed in higher concentrations of puromycin a delay in
the rate of resorption of early oral primordia. The study on the effects of puromycin
on the divisional processes in Paramecium revealed that the cytokinesis is inhibi-
ted to a greater extent than the processes of stomatogenesis (Golifiska and
Hanson 1973).

The data obtained in the studies on the action of puromycin indicate, that the
extent of the inhibition of a morphogenetic process depends not only on the con-
centration and the time of action of the inhibitor, but also on the kind of observed
process (e.g., stomatogenesis, cytokinesis, resorption of primordia, remodeling
of the shape).

The regeneration of opimers only was described in Dileptus anser and Dileptus
cygnus by Golinska and Doroszewski (1964), Goliniska (1966), Goliniska and
Grain (1969). The proliferation of kinetosomes for the new mouth starts 1/2 h
after the operation (Golinska and Grain 1969). All parts of the mouth are formed
in the same rate both in nucleated and anucleated opimers of D. cygnus (Golinska
1966, Goliriska and Grain 1969). The ability of the anucleate fragments of Dileptus
to regenerate distinguishes this species from other ciliates such as stentor or para-
mecium, and allows to presume that in Dileptus a permanent pool of substances
necessary for the development of the mouth exists. In order to study the nature
of that cytoplasmic store and in order to ascertain whether the reserve contains
precursors which have to be synthesized on the ribosomes, or they are in a form
already synthesized — the study on the action of puromycin on the regeneration
of Dileptus was carried out.

On the basis of the performed experiments it can be presumed that only the
oral proteins are present in the cytoplasmic reserve (store) in a ready form, after
being synthesized on the ribosomes. The rest of the cytoplasmic reserve which is
necessary for the growth of the surface and the shapening of the fragment is sensitive
to the action of puromycin. The role of the ecto-endoplasmic microfibrillar layer
in the remodeling of a shape, and the interrelations between the functions of the layer
and the accompanying vesicular elements are discussed.

Material and methods

The ciliate Dileptus anatinus Golinska, 1971, belongs to Gymmostomata, Rhabdophorina. 1t is
about 900-1200 um long, the nuclear apparatus containing about 200 Ma and less Mi, is dispersed.
The anterior part of the cell, over the cytostome is elongated into appendix — the proboscis. On the
ventral side of the proboscis the ventral band containing the toxicyst is located. This is a specialized
part of the cytostomal lip. The posterior end of the cell is tapered into small tail.

The culture methods for D. anatinus are identical with these for other species of Dileptus and
have been described for D. anser by Goliniska and Jerka-Dziadosz 1973. The only difference
was the composition of culture medium. In this study instead of Pringsheim solution, natural spring
water (Volvic water) was used.
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The operation were carried out under the bisecting microscope by hand, using the microscalpel.
The cells were always transected in the middle of the body. Therefore, the promer (anterior fragment)
posessed the whole oral apparatus and regenerated only the posterior tail-part. The opimer
(posterior fragment) was deprived of the oral apparatus and proboscis. For the experiments
the interphasal cells from well — fed cultures were chosen, 24 h after feeding.

For the observations in the light microscope, the cells were stained with iron hematoxylin after
Parducz 1952. The stained cells were used for the establishing of the stages of the processes of
regeneration. Also the observations on the course of regeneration in the presence of the puromycin
were mostly based on the preparations stained with hematoxylin.

The preparations for the electron microscope were prepared as for D. cygnus (Grain and Golif-
ska 1969). The material was fixed in osmic acid dissolved in phosphate buffer. The slices were stained
with uranyl acetate and lead citrate after Reynolds (1963). The material was observed, and
photographed under Siemens Elmiscop 1, and partly under Jem 7a.

The inhibitor used in the study was puromycin dihydrochloride (Nutritional Biochemical
Corporation, Cleveland, Ohio). The inhibitor was dissolved in the culture fluid. The final concentra-
tions used in the study were: 100, 200, 300, 600, and 1000 pg/ml. The cells were operated after the
transferring into the inhibitor solution and kept there until fixation. The possibility of recovery and
resuming of regeneration were not studied.

Results

Regeneration of untreated fragments

The three developmental processes were observed : the formation of oral primordia,
shapening of the proboscis and shapening of the posterior end of the cell — the tail.

That the processes of the formation of oral primordia and shapening of proboscis
were considered separately followed from the observation that a particular stage of
the development of the oral primordia does not correspond to a particular length
of the proboscis. Both processes differ in the rate, sometimes the formation of the
proboscis occurs faster, another time the oral primordia develop faster. The difference
in phase of those two processes never exceeded one stage. The stages of formation of
the oral primordia and shapening of the anterior and posterior parts are represented
schematically on Fig. 1. The schemes of the opimers represent the most often found
fragments with the developing oral primordia and proboscis. The graphic designa-
tion of the stages inserted in the squares on the lower part of the drawing is further
used in all the following figures.

The regeneration stomatogenesis of D. anatinus is very similar to that described
in D. eygnus by Golinska and Grain (1969). In the opimers as a result of the healing
of the wound the anterior pole of the fragment become rounded and uniformly
covered by cilia. As the first stage of stomatogenesis was assumed the formation
of the non-ciliated area on the anterior pole (Fig. 1 I, PL. I 1). This field grows and
elongates toward the ventral side of the fragment (Pl I 2). In this time the resorption
of the cilia situated on the field takes place. The proliferation of kinetosomes and
formation of the future feeding cilia occur on the periphery of the field. 30-40 min
after operation the trichocysts start to plug into the primordium of the ventral band.
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During the second stage of stomatogenesis, as observed in the light microscope,
the elongation of the primordium takes place. On the right side of the non-ciliated
field the kinetosomes come to be arranged into double row of feeding cilia (Fig. 1
II, PL. I 3 arrow). The preparations fixed 55-60 min after operation, sectioned and

M

I Vi ar w

Fig. 1. The schematic representation of the subsequent stages of regeneration of Dileptus anatinus.

The upper row of drawings shows the promers — fragments which regenerate the tail. The lower

row of drawing shows the stages of the formation of mouth and the shapening of proboscis. Below
the drawing the squares represent the graphic designation of the stages

observed in the EM showed the well-developed ventral band and the first appearance
of the differentiating mouth.

The third stage of development is characterized by the formation of the para-
cytostomal elements. In the light microscope it can be observed that the posterior
part of the non-ciliated field elongates and grows to the animal’s right. Owing to
that the field appears in a shape of reversed letter L (Fig. 1 IIL, Pl I 4). The part
of the field which is perpendicular to the antero-posterior axis of the body represents,
similarly as in division (Golifiska 1972) the future paracytostomal lip. The sections
of this stage observed under the EM, showed the presence of the nemadesms of both
the external and internal baskets, the bundles of the transverse fibers and the typical
phagoplasm with the characteristic smooth vesicles. In the stage in question the ven-
tral band on the proboscis is long. On its left side the ordering of kinetosomes takes
place, the left paracytostomal kinety and short oblique rows are formed (Pl IV 4).
The EM pictures of the band in this stage do not differ from that of a normal specimen.
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During the fourth stage of stomatogenesis (Fig. 1 IV, PL I) the cytostom is formed.
This is probably achieved by curving to the left of the elongated primordium of
the ventral band. At the end of this stage all parts of the oral apparatus are formed,
but neither the ventral band, nor the paracytostomal lip have yet reached the final
size. The formation of the feeding cilia and the nemadesms is not full ascertained.

The second developmental aspect studied was the shapening of the proboscis.
Three stages were discriminated in this process. Immediately after operation and
during the healing of the wound the operated pole of the posterior fragment achieves
a shape of hemisphere (PL. II 6). As the first stage of the formation of the proboscis
the change of this shape into conical-like one (Pl. IT 7) was assumed. The apex
of this irregular cone is shifted slightly toward the dorsal side, this is the future apex
of the proboscis. The second distinct stage represents a short proboscis, with equal
length and width (PL II 8, Fig. 1 II). During the third stage the proboscis eleongates
(PL II 9, Fig. 1 III). 4

The third developmental process taken into consideration is the formation of
the tail parts of Dileptus. Two stages were distinguished in this process. During the
healing of the wound in the anterior fragments the posterior, operated part of the
fragment appears as a hemisphere (Pl II 12). As the first stage of the formation of
the tail, the appearance of tiny appendix on the rounded posterior part, was assumed
(Pl II 11, 13, Fig. 1 I). During the second stage the tail appears to be completed.
The part of the cell adjoining the tail forms a regular cone (PL II 14, Fig. 1 II).

The appearances of the wound healing in the EM pictures are identical with those
observed in D. cygnus (Golinska and Grain 1969). The healing proceeds in the
same way in anterior and posterior parts of the cell. The wound is hauled by the
whole ectoplasm. The surface of the wounded region is covered by cilia with their
kinetosomes, attached to the microfibrillar layer, as well as other ectoplasmic ele-
ments as the mucocysts, microtubular fibers attached to the kinetosomes and diffe-
rent types of vacuolar structures. The edge of the microfibrillar layer which draw
onto the wounded portion, is surrounded by the characteristic smooth vacuoles
similar to that found in the proximity of the division furrow of D. anatinus (Golin-
ska 1972). During the wound healing and later the proliferation of kinetosomes
during formation of the tail was not observed.

The timing of normal regeneration of Dileptus anatinus

In order to designate the timing of particular stages of regeneration, the prepa-
ration stained with iron hematoxylin after Parducz (1952) were used. Each slide
contained about 100 fragments operated during 15 min and fixed at known time after
operation. 11 samples were fixed, they contained fragments fixed 15-30 min after
operation, 30-45 min, 45-60 min, and so until 165-180 min after operation, conse-
quently. On each slide about 50-70 fragments were studied, and the number of
cells found in particular stages of stomatogenesis (Fig. 2), shapening of the proboscis
(Fig. 3), and shapening of the tail (Fig. 4) were scored.
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Stomatogenesis of opimers

The results of observations on stomatogenesis, summarized in the bars
on Fig. 2 allow to make some remarks. The dispersion in the rate of regeneration
is remarkable. It should be recalled that all fragments were of similar size — the
posterior halves of the interphasal cells.

The number of fragments with completed stomatogenesis increases between 1.5
and 2.5 h after operation. Between 2.5 to 3 h (and longer — not included in the
bars) the number of completely regersrated cells remains on the same level (about

15 50 45 90 105 120 135 150 185 180

Fig. 2 Fig 3

Fig. 2. The formation of oral primordia of Dileptus anatinus. Each bar represent a sample of 50—
70 fragments, The graphic designations show the precentage of fragments in particular stage of
regeneration as shown on Fig. 1. The numbers below the bars represent the time after operation

Fig. 3. The formation of the proboscis of Dileptus anatinus. The conventions applied as on Fig. 2

85-909%). In each sample there are always some fragments which are not able to
regenerate. There is also in each sample a group of fragments which are arrested in
the stage III of stomatogenesis — they are not able to form the cytostome. It is
known whether these fragments are able to renormalize after longer time — the
samples fixed 4-5 h after operation (not included in the bars) also contained a certain
number of fragments arrested in the stage III of stomatogenesis. Two hours and later
after operation fragments in stages I and II of stomatogenesis were not found.

It should be stressed that all fragments which are capable to regenerate, complete
the process in time shorter than 2.5 h.

The shapening of the proboscis in opimers

The process of the formation of the proboscis is repre sented in the bars on Fig. 3.
Comparing the results of this series with the previous one, it can be observed
that the shapening of the proboscis initiates later than the stomatogenesis — the
formation of the non-ciliated field for the oral primordia very often takes place
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in rounded fragments, before the stage I of the formation of proboscis. Similar as
in the preceeding series in some fragments of each sample (59%) the proboscis does
not appear. The arresting of the formation of the proboscis was usually observed
in some fragments only in stage II — when proboscis can be discriminated as small
protrusion of the equal length and width. Two hours after the operation, the frag-
ments arrested in stage II of the formation of the proboscis, are not able to enter
the next stages of the process — that is the elongation of the proboscis and narrowing
of the anterior part of the fragment. It seems that this arresting of the formation
of the proboscis corresponds to the arresting of the stomatogenesis in stage III.

The process of the shapening of the proboscis comes to the end about 2 h after
operation.

The formation of the tail in promers

The bars on Fig. 4 represent the data concerning the process of the shapening
of the posterior part of the fragments.

In this case also the process of regeneration is finished about 2 h after operation.
In each studied sample a small number of fragments can be found which is not
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able to form the tail parts. The fragments arrested in the stage I of the formation
of the tail were not found in each sample and it is not certain if such arresting is
possible. It seems rather that the process of the formation of the tail once started
is always finished.

The process of regeneration of Dileptus anatinus with its three aspects: stomato-
genesis, formation of proboscis and tail, involves the regions immediately adjoining
the wounded part only. After the end of the regeneration of the tail a cell having the
large proboscis and cytopharyngeal complex is obtained (Pl. II 14). After regene-
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ration of the anterior part, the tail remains unproportionally large. The reasu-
ming of the normal proportions of the cell parts must take place later on.

It should be stressed that all the studied regeneration processes of Dileptus are
finished in the period of time shorter that 3 h.

The course of regeneration in the presence of puromycin

The preliminary experiments revealed that in the presence of puromycin the
fragments may react in either of three ways: the initiation of the regeneration may
be inhibited and regeneration does not occur. The regeneration may initiate and later
may be stopped. Regeneration starts at normal time and proceeds untill completion.
The delay of the initiation of regeneration was never observed in D. anatinus, and also
the prolongation of any stage did not occur. The arresting of development can happen
at any stage and under the continuous exposure to puromycin this process proved
to be irreversible.

In the experiments with puromycin all fragments were always fixed 3 h after
the operation — when all possible regenerational processes could be completed.

Two series of experiments were carried out. In the first series the cells were trans-
ferred to the puromycin immediately before the operation. The concentrations of
the inhibitor were as follows: 100, 300, 600 and 1000 pg/ml. In the second series the
cells were incubated in puromycin for 5 h before the transection. The concentration
of the inhibitor was 100, 200, 300, 600 and 1000 pg/ml. The results of the first series
of experiments are presented in bars on Figs. 5 A, 6 A and 7A separately for each
regeneration process. In all concentrations puromycin to some extent inhibited both
the formation of the oral primordia and the shapening of the proboscis and tail.
This clearly follows from the comparison with the control bars — the upper ones
on Figs. 5, 6, 7 which were taken from the control observations inserted on Figs.
2, 3, and 4. The great individual variability in the resistance to puromycin should
be pointed out; in each used concentration certain number of fragments was able
to complete the regeneration. It is also clear that none stage of regeneration is parti-
cularly sensitive to the action of puromycin.

The process of the formation of proboscis is always more inhibited by puromycin
than the process of stomatogenesis. In the extreme case it may lead to the formation
of the apically situated cytopharyngeal complex (Pl. II 10), without proboscis.
Such regenerated fragments resembled simple Gymnostomatida, as Prorodon for
instance. In most cases the mouth was accompanied by more or less developed ventral
band. Very often the fragments posessing a part of the ventral band posessed also
an outline of the proboscis — but this was not a rule.

The diagrams for 1000 pg/ml of Figs. 5 A and 6 A contain, exceptionally, the
results of scores of two different samples, therefore it should not be presumed that
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Fig. 5. The effect of puromycin on the formation of the oral primordia of Dileptus anatinus. Each

bar represent a sample of 50-70 fragments fixed 3 h after the operation. C — the control untreated

sample, A — the experiments in which puromycin was administrated immediately before the opera-

tion, B — the experiments in which the cells were incubated for 5 h before the operation. The

concentrations of inhibitors of each sample are shown next to the bars. The graphic designation
of stages as on Fig. 1

0 ug/ml!
100 ug/ml
100 ug/ml
200 ug/ml
300 ug/ml

600 ug/ml
1000 ug/ml
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Fig. 6. The effect of puromycin on the shapening of proboscis of Dileptus anatinus. Each bar represents

a sample of 50-70 fragments which were fixed 3 h after the operation. C — the control, untreated

fragments, A — the experiments in which puromycin was introduced immediately before the ope-

ration. B — the experiments in which the cells were treated for 5 h before the operation. The con-

centrations of the inhibitor are shown next to cach bar. The graphic designation of the stages as
on Fig. 1

i
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the formation of proboscis without the mouth is possible. The specimens with the
regenerated proboscis and lacking the mouth were never observed.

The formation of the tail parts appeared to be relatively more resistant to a short
exposure to puromycin and only the highest concentration used distinctly inhibited
this process. (Fig. 7 A).

The results of the second series of experiments, where the cells were exposed to
puromycin 5 h before operation, are represented in the bars on Figs. 5 B, 6 B, and
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Fig. 7. The effect of puromycin on the shapening of tail in Dileptus anatinus. Each bar represents

a sample of 50-70 fragments, fixed 3 h after operation. C — the control, untreated sample, A —

puromycin was added immediately before the operation, B — the cells were incubated in puro-

mycin for 5 h before the operation. The concentrations of inhibitor are shown next to the bars.
The graphic designations as on Fig. 1

7 B. In this series the difference of the extent of inhibition of the stomatogenesis and
the shapening was stronger (compare 5 Band 6 B). More often than in the
previous series the fragments with the apically stivated cytopharyngeal complex
appeared.

A longer exposure to puromycin (compare B and A form Figs. 5, 6, and 7) distinctly
inhibited the processes of the shapening of the tail and proboscis, but did not
arrest the formation of the oral primordia. Also the dependence between the con-
centration of the inhibitor and the extent of inhibition was more distinct for the
formation of proboscis and tail than for the stomatogenesis.

The independence of the degree of inhibition of the regeneration process, upon
the concentration of inhibitor and time of exposure is greater for the shapening of the
tail than the proboscis. It should be recalled, that the process of formation of the
proboscis is closely connected with the formation of ventral band — being the part
of the oral primordium, whereas the shapening of the tail involves the remodeling
of preexisting structures only.

The exposure longer than 5 h before operation in the concentration above 200
pg/ml leads to a gradually stronger inhibition of all the regeneration processes. A high
percentage of the fragments incubated for 24 h before the operation, died. The
observations under the light microscope revealed, that the individuals which survived
24 h in the presence of the inhibitor and than were transected — are able only to
close the wound by the ciliated surface. No other regeneration processes were
observed. When the operated and unoperated specimens of D. anatinus were left
in the puromycin for longer time, all of them died about 36 h after the beginning
of the experiments.
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The ultrastructural changes of fragments regenerating in the presence of puromycin

All fragments studied in the EM were fixed 3 h after the operation — that means
that the EM pictures do not reflect the regeneration process going on, but the processes
arrested or finished. The fragments were incubated before the operation for 1, 2, 3, §
and 24 h. The concentrations of the inhibitor were the same as in the previous series.
The promers and opimers were kept and fixed in separate samples.

The pictures of the fragments incubated for 1, 2 and 3 h before the transection
were very similar, both for the preparations differing in time of incubation and in
the concentration. The changes found in the endoplasm were the same for promers
and opimers. In the endoplasm of all the observed fragments numerous autophagic
vacuoles were observed. They contained mitochondria, toxic trichocysts, lipids and
some finely granulated material. The toxicysts found in the endoplasm were almost
exclusively located in the autophagic vacuoles (Pl. VI 28).

The changes of the boundary between endo and ectoplasm were observed. In
normal cell the microfibrillar layer separating the ecto and endoplasm is surrounded
by canals of rough endoreticulum, and by vacuoles with smooth walls, round in the
cross-section with the diameter about 1000-1200 A (P. III 15). The smooth vacuoles
accompanying the microfibrillar layer are less numerous in D. anatinus in comparison
to analogous systems in D. cygnus (see Grain et Goliniska 1969), but always can
be found. After the treatment with puromycin the changes in the structure of the
endoplasmic reticulum adjoining the layer can be observed. The canals posses very
spaced ribosomes, or the ribosomes are located only on one side of the canal
(PL. III 16). The smooth vesicles accompanying the microfibrillar layer remain
unchanged.

The primordia of the ventral band, which can be formed in the posterior fragments
may posses normal toxic trichocysts. The arrangement of kinetosomes and micro-
tubular fibers on the ventral band is normal. The pictures of the cytopharyngeal
complex revealed that all structures of the mouth — both microfibrillar and micro-
tubular, may develop in the presence of the puromycin (Pl. V 22, 23). The prolife-
ration of somatic kinetosomes was observed in the superficial regions of many frag-
ments both in promers and opimers.

The fragments exposed to puromycin for 5 h before the operation also did not
reveal significant differences in the ultrastructures depending on the concentration.
However, the time of exposure seems to influence the extent of the changes.

In the endoplasm of the promers and opimers numerous autophagic vacuoles
are seen. They are similar to those found in the previous series, however, they do
not contain the toxicysts. Also the systems of the rough endoplasmic reticulum which
normally accompanies the mitochondria disappears (Pl. VI 29), but some elements
of this reticulum can be seen in the endoplasm. Around the microfibrillar layer
the detachement of the ribosomes from the elements of the endoplasmic reticulum
occurs. In this series also whole cells, or large parts of one cell are found, in which
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the microfibrillar layer was deprived of the elements of the rough endoreticulum
and only smooth vesicles were present there (Pl. III 17).

The preparations containing opimers from this series showed that all the microtu-
bular and microfibrillar elements of the oral structures have developed. However,
the ventral bands which developed in the presence of the puromycin are completely
lacking the toxic trichocysts (Pl. VI 27). On their place mucocysts are found between
the bundles of transverse fibers.

The last series of the fragments observed in the EM concerned the cells incubated
in the puromycin for 24 h before the operation and fixed, as usually, 3 h after oper-
ation. The differences in the concentration did not influence the changes in the
ultrastructures. After such long incubation approximately 50 % of cells died in each
concentration used, and the survivers were able to form neither the proboscis or the
tail, nor the mouth.

In the endoplams of the promers and opimers the autophagic vacuoles are stil}
present, and also large spaces filled with a finely granulated material are seen (Pl
VI 30). These structures probably correspond to those in Paramecium after treatment
with various factors (Goliriska and Hanson 1973). In Dileptus they can also be
identified as an ultrastructural pendant to the “vacuolized” cytoplasm, which can
be observed in the light microscope.

The EM study of the wounded region of the promers and opimers of this series.
showed, that the wound is healed and completely covered by the cytoplasm. Equally
often fragments can be found in which the microfibrillar layer bounding the wounded
region is very delicate, and runs deeply in the endoplasm — taking the shortest
run — not along the border between ecto- and endoplasm (Pl. IV 19). In many
fragments an interruption of the microfibrillar layer is observed in the wounded
region. In such cases the margin of the layer if often broadend and is accompanied
by numerous vesicles. Such pictures are interpreted as an arresting or slowing down
of the wound healing process. Similar pictures were seen in D. cygnus (Golinska
et Grain 1969).

In many fragments of this series images reflecting the denaturation of the micro-
fibrillar layer were found (P1. III 18). In large spaces instead of the fibrillar material
appeared a granular material, which seems to “disperse” in the cytoplasm. Frag-
ments with the whole microfibrillar layer changed in this way were not found, since
this probably would be equal to the death of a fragment.

In few cases on the preparations containing opimers pictures of early stages of’
the regeneration were found (compare the data for D. cygnus, Golinska et Grain
1969). The images interpreted as resorption of cilia were seen (PI. IV 21). Also
places were found where the microfibrillar layer was probably pushed apart — it looks
like it was mixed up with the smooth vesicles (P1. IV 20). In this region newly formed
kinetosomes were observed. That they were new ones — outcomes from their loca-
tion deep under the surface, lack of the cilia, and the lack of any depression of the
surface above them. The kinetosomes possessed only the transverse fibers (Pl. IV
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20), in that they are similar to the kinetosomes found in early stages of the formation
of the ventral band. It seems, therefore, that fragments maintained for 24 h in the
solution of puromycin are still able to initiate the process of stomatogenesis, although
they are not able to complete the process.

Discussion

As a result of the performed study, it was observed that puromycin inhibits.
in different way the process of formation of the oral primordia and the processes
of shapening of the tail and proboscis. The inhibition of the process of shapening
depends on the concentration and the time of action of the agent. The process
of the formation of oral primordia, however, is more strongly inhibited in higher
concentrations, but does not show any relation with the time of exposure (lack
of the decrease of the number of regenerated fragments in series B Figs. 5, 6, 7,
in comparison with series A). The number of fragments which are able to develop
the oral primordia in the presence of puromycin is relatively stable. It should be
recalled, that the cytoplasmic reserve the existence of which is deduced from the be-
haviour of anuclear fragments (Golinska and Grain 1969) should contain the
proteins which are necessary for the development of the oral apparatus as well as
those used in the processes of the formation of the proboscis and tail — during the
growth of the surface.

In anucleated fragments both processes — the stomatogenesis and the formation
of the proboscis — occur parallel, similar as in the normal cells. Moreover, the
cytoplasmic reserve which is necessary for the regeneration of Dileptus is present in the
cytoplasm all the time during the cell cycle: there is no such stage in which the re-
moving of nuclear apparatus prevents the regeneration (Golinska 1966).

The mode by which puromycin inhibits the regeneration allows to precise the
considerations of the hypothetic cytoplasmic reserve. It seems that the proteins which
are necessary for the shapening of the proboscis and tail are present in the pool
in the form of precursors, and have to be synthesized on the ribosomes, but the
proteins which are necessary for the stomatogenesis may exist in the form of building
blocks (after synthesis on the ribosomes) at least in some of the stages of the cell
cycle. This supposition is consistent with the studies of Frankel (1967) who found
that puromycin inhibits the divisional morphogenesis when administered before the
« “transition point™ in Tetrahymena. The numerous studies on the action of different
inhibitors of metabolic syntheses and their influence on the stomatcgenesis of Tetra-
hymena, also speak in favor of the existence of the cytoplasmic pool of proteins
required for the development of the mouth (Frankel 1969, see also discussion
in Rannestad and Williams 1971). In Tetrahymena, the material needed for
the building of the microtubules is finally synthesized in particular moment of the
cell cycle (Rannestad and Williams 1971).
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The non-uniform development of the oral primordia and proboscis may lead, as
it has been observed in this study, to the appearance of fragments with apically
situated cytostome and completely lacking the proboscis with the ventral band.
Such a cytopharyngeal complex posess its own nemadesms connected with the kine-
tosomes which are specially formed. It is interesting that in the case when the process
of the shapening of the proboscis is arrested, the part of the oral primordia which
is normally formed on the ventral side of the proboscis does not develop. However,
the elements of the cytopharyngeal complex do develop, in spite that in the course
of the normal development the ventral band forms as first, then the cytopharyngeal
complex follows in the later steps of the morphogenesis. It seems therefore, that the
process of the formation of the proboscis somehow decides that the originating
structures organize into the system of the ventral band, or the system of the cyto-
pharyngeal complex.

The inhibition of the formation of the proboscis and the tail depends on time with
the disappearance of the ordered systems of the rough endoplasmic reticulum situated
around the microfibrillar layer separating the ecto- and endoplasm, and situated
around the mitochondria. The deterioration of the rough endoreticulum after the
treatment of the puromycin was observed in metazoan cells by Gersh and Ude
(1971). The breakdown of polyribosomes was observed by Gambetti, Gonatas
and Flexner (1968), Zambrano and De Robertis (1967). The detachment
of the ribosomes from the reticular membranes was observed after the inhibition
of protein synthesis caused by actinomycin D (Gersh and Ude 1970). It seems
therefore that the detachment of the ribosomes from the reticular membranes is
related to the inhibition of protein synthesis.

The inhibition of the shapening of the fragment by puromycin is probably not
related to the arresting of the synthesis of the microtubular elements. This supposition
is based on the fact that after exposure to puromycin for 24 h the opimers are able
to form new kinetosomes. It seems therefore that the building blocks for the micro-
tubules are present in fragment and are ready to be used. The promers kept in pu-
romycin for 24 h are not able to form even a little tail. Fragments exposed to puro-
mycin for 24 h are still able to form the microfibrillar layer, which separates the
wounded part from the rest of the cytoplasm. This suggests that the fragments are
also able to synthesize the microfibrillar elements, or that there is possibility of an
extensive regrouping of the microfibrillar material in the fragments which have the
ability of the formation of the proboscis or tail completely blocked.

The inability of the fragments to form the proper shape is probably also not
due to the inhibition of the synthesis of the membranes, The fragments with the
apically located cytostome — which are not able to form the proboscis — can form
a normal phagoplasm containing the smooth, elongated vesicles. Moreover, the
autophagic vacuoles, very often surrounded by multimembraneous walls, can be
found in the fragments exposed for 24 h to puromycin. The possibility of the
inhibition of specific kind of membranes can not be ruled out. Friedman and
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Cardell (1972) observed, that puromycin inhibits specifically the synthesis of mem-
branes of the Golgi apparatus.

In the process of shapening of the fragment, besides the growth of the surface,
a factor responsible for the changes of the curvatures of the existing surface is
necessary, because in case of Dileptus the regeneration occurs without growth of
the volume of the fragment. Since the lack of the formation of the proboscis and
tail is associated with the disappearance of the rough endoplasmic reticulum around
the microfibrillar layer, it is postulated that the system of microfibrillar layer together
with acompanying rough endoreticulum is responsible for the ability of the cell to
change the curvatures of its surface. In this case the puromycin would inhibit the
synthesis of a substance necessary for the microfibrillar layer to be able to remodell
the shape of the fragment. It seems that the process of modeling of the existing
surface is more sensitive to the action of puromycin than the process of the growth
of the surface. This is supported by the study on Paramecium (Golinska and Han-
son 1973) where the shapening of the narrow ends of the offspring during division
is more inhibited by puromycin than the elongation of kineties.

Around the microfibrillar layer, besides the elements of the rough endoreticulum,
vesicles having smooth walls with diameter approximately 1000-1200 A exist.
Such vesicles are also present in the vicinity of the microfibrillar layer of other spe-
cies of Dileptus. They are particularly numerous around the microfibrillar bundles
in the contractile proboscis of D. cygnus (Grain and Golifska 1969), close to
the edges of the microfibrillar layer during the healing of the wound (Goliriska
and Grain 1969), in the region of the division furrow — also closely to microfi-
brillar ring (Golifiska 1972). It was stated that these vesicles do not disappear
after exposure to the puromycin and are seen in the vicinity of the microfibrillar
layer even after 24 h treatment with the inhibitor. It should be recalled that the
fragments in which the ability to form the proboscis and tail is blocked, are yet
for long time able to heal the wound. It seems that probably such functions as the
healing the wound, constriction of the divisional furrow, the twisting of the proboscis
can be performed by the structural system containing the microfibrillar layer accom-
panied by the smooth vesicles.

On the basis of the obtained results a hypothesis of the double role of the micro-
fibrillar layer has been postulated. It is suggested that the microfibrillar layer with
the rough endoplasmic reticulum is responsible for the shapening of the fragment,
whereas the microfibrillar layer with the smooth vesicles may function as contractile
element. Allen (1971) suggested that in Paramecium the alveoli situated in the close
vicinity of the microfibrillar system are considered as an analog of the sarcoplasmic
reticulum of the muscles — that is the structure which accumulates the calcium
(Allen and Eckert 1969, Allen 1971). The smooth vesicles could play a similar
role in Dileptus.

The hypothesis of the dependence of the function of the microfibrillar layer
on the kind of accompanying ultrastructure elements is under further experimental
study by the author.
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Summary

The course of three different regeneration processes in normal D. anatinus and in
cells affected by the action of puromycin was studied. It was stated, that the shapening
of the narrowed parts of the cell is more strongly inhibited by puromycin than the
stomatogenesis. The ultrastructural changes parallel to the diminution of the ability
of the fragment to form the proboscis and tail were studied. The deterioration of
the elements of the rough endoreticulum around the microfibrillar layer was observed.
The function of the microfibrillar layer in morphogenesis and the correlation between
the inhibition of protein synthesis and arresting of regeneration processes are discus-
sed.

STRESZCZENIE

Badano przebieg roznych procesOw regeneracyjnych w komorkach normalnych Dileprus ana-
tinus, oraz w komorkach zmienionych dzialaniem puromycyny. Stwierdzono, ze ksztaltowanie
zwezonych czesci komorki jest hamowane silniej przez inhibitor niz stomatogeneza. Badano zmiany
ultrastrukturalne réwnolegle do zaniku zdolnosci fragmentu do uksztaltowania proboscis czy
ogona. Stwierdzono zanik elementéw szorstkiego endoreticulum przy warstwie mikrofibryllarnej.
Dyskutuje si¢ funkcje warstwy mikrofibryllarnej w morfogenezie, oraz zwiazek miedzy hamowaniem
syntezy protein a zahamowaniem proceséw regeneracyjnych.
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EXPLANATIONS OF PLATES I-VI

Regeneration processes in Dileptus anatinus Golinska, 1971

Stages of the formation of the oral primordia

1: The non-ciliated field, formed on the anterior pole of the opimor

2: An clongated primordium of the ventral band (arrow). The feeding cilia on both sides are not
orderly arranged

3: The beginning of ordering of kinetosomes on the right side of the ventral band (arrows)

4: The stage Il of stomatogenesis. The primordium of the cytopharyngeal complex is seen (c).
The double row of feeding cilia begin to organize on the right side of the ventral band (r), and single
row and short oblique rows on the left side (1)

5: The fragment after the stomatogenesis has completed

The shapening of proboscis

6: An opimer after the healing of the wound, the anterior part is rounded up
7: An opimer in the stage I of the formation of proboscis

8: An opimer in the stage 1I of the formation of proboscis
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9: An opimer in stage III of the formation of proboscis

10: An opimer, exposed to puromycin for 5 h before operation, a concentration 300 pg/ml, fixed
3h after operation. The apically located cytostome (c) with well developed cytostomal lip (arrows)
is seen

The shapening of the tail

11: The formation of the tail arrested in the stage I. A small tail (t) is formed on the rounded poste-
rior end

12: A promer after the healing of wound. The posterior end of cell is rounded

13: A promer in stage I of the formation of tail. A small tail (t) is seen on the rounded posterior
end

14: A promer after regeneration. The posterior part is formed. The proboscis has not diminuted
the size to the normal proportions of cell )
1-14: The photographs of fragments stained with iron hematoxylin and observed under the light
microscope

The ultrastructural changes in the ectoplasm of D. anatinus caused by treatment with puromycin
15: The normal ectoplasm of D. anatinus. The microfibrillar layer is indicated by the arrows, er —
the rough endoplasmic reticulum, v — smooth vesicles. The mucocysts are seen as large dark
organelles in the ectoplasm

16: A section through the ectoplasm of a fragment of D. anatinus incubated for 1 h before the
operation in the 600 pg/ml of puromycin, fixed 3 h after the operation. The canal of endoreticulum,
lacking the ribosomes on one side is seen (er)

17: A section through the ectoplasm of a fragment of D. anatinus incubated for 5h in the 300
ug/ml of puromycin, fixed 3 h after the operation. Around the microfibrillar layer only the smooth
vesicles are seen (v)

The processes of regeneration in fragments of D. anatinus incubated for 24 h in puromycin

18: The destruction of the microfibrillar layer. Concentration of inhibitor was 300 pg/ml. The
arrows point to the finely granulated part of the layer. A small autophagic vacuole is seen (a). The
mitochondria are not surrounded by the endoreticulum

19: The microfibrillar band (arrows) formed by a fragment, fixed 3 h after operation. The concentra-
tion of inhibitor was 300 pg/ml. An autophagic vacuoles is seen (a)

20: An opimer fixed 3 h after operation. The concentration of inhibitor was 600 pg/ml. A new
kinetosomes are seen (k) two of them posess the transverse fibers (arrows). The broadened margin
of microfibrillar layer contains the smooth vesicles (v)

21: An opimer fixed 3 h after operation (1000 pg/ml). The microfibrillar layer is continuous. The
arrow points to the resorbed cilium. A smooth vesicles seen around the layer

The microtubular structures formed in the presence of puromycin

22: An opimer 3 h after operation, incubation for 5 h before the operation in 300 pg/ml of puro-
mycin. The thick nemadesms of the external basket of the cytopharyngeal complex are seen (n).
The proboscis is not regenerated

23: The same cell as on phot. 22. The thin nemadesms of the internal basket (n) are attached to
the bundle of microfibrills (arrows)

24: A promer, 3 h after the operation. Proliferation of kinetosomes — arrow points to the new
kinctosome. The fragment was incubated for 3 h before the operation in 300 pg/ml of the inhibitor
25: An opimer fixed 3 h after the operation, incubated for 24 h in 600 pg/ml of the puromycin.
The new kinetosome (arrow) with its tubular fiber is situated deeply under the surface

The changes in the toxicysts and endoplasm after the treatment with puromycin

26: A toxicyst in the endoplasm of the normal cell of D. anatinus. The vesicle surrounding the
toxicyst is filled with a finely granulated material (arrow)

27: An opimer fixed 3 h after the operation incubated for 5 h in 600 pug/ml of the inhibitor. Between
the strands of the transverse fibers (t) the mucocysts only are seen

28: A fragment fixed 3 h after the operation, incubated for 3 h in 300 ug/ml of puromycin. The
toxicyst is surrounded by multimembraneous wall (arrows) and is located within an autophagic

vacuole
29: The endoplasm of a normal cell of D. anatinus. The mitochondria are surrounded by a system

or endoreticulum (arrows)

30: A fragment 3 h after the operation, incubated for 24 h in 600 pg/ml of puromycin. The spaces
filled with the granulated material (the right side of the photograph) correspond to “‘vacuolization™
of a fragment

The photographs 15-30 represent pictures from the electron microscope
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A. JURAND and D.M. SAXENA!

Ultrastructural features of the trichless mutant
of Paramecium aurelia

Les particularités de I'ultrastructure du mutant
de Paramecium aurelia sans trichocystes

In Paramecium aurelia Ehrbg. mutations can be easily induced, detected and ana-
lysed. The induced recessive gene mutations are brought to homozygous condition
and thus to phenotypic expression by autogamy (Sonneborn 1970). X-ray irra-
diation and many chemical mutagens have been successfully applied to P. aurelia.

The trichless mutant of Paramecium aurelia characterized by complete absence
of trichocysts was obtained by treatment of animals of the strain 51.S with
75 pug per ml of nitrosoguanidine for one hour (Pollack 1970). The mutant was iso-
lated by Kung (unpublished, Preer 1972) and recognized by Pollack (1970) who
studied its genetic aspects. Its symbol in the relevant literature is d4-105.

Trichocyst mutants are usually examined for presence and behaviour of tricho-
cysts by treating the animals in one drop of culture medium with two drops of satu-
rated solution of picric acid. The animals are examined at x 1000 magnification
in an ordinary research light microscope or in a microscope equipped with a dark
field condensor. Picric acid kills the animals and causes in wild-type stocks the tricho-
cysts to discharge so that the trichocyst shafts are visible (Jennings 1906).

Many mutants of P. aurelia with abnormal morphology of undischarged tricho-
cysts were obtained after treatment with nitrosoguanidine. In a number of mutants
of this type trichocysts are unable to be discharged under the influence of picric
acid solution. The trichless mutant was recognized to be without trichocysts by the
fact that after treatment with picric acid it did not show any shafts of discharged
trichocysts outside the cells nor were there any undischarged trichocysts visible inside
the cells.

Material and methods
The trichless mutant was grown in baked lettuce infusion containing Aerobacter aerogenes.

The animals were fixed in 1% osmium fixative (Jurand and Selman 1969). Dehydration was
carried out by graded series of cthanol and cells were embedded in Araldite, using 1:2-epoxypropane

! Permanent address: Department of Zoology, University of Delhi, Delhi-7, India.
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as transition solvent. Polymerization was accomplished at room temperature for 24 h then at 60°C
overnight. Thin sections were cut on Porter Blum microtome MT]I, collected on collodion-carbon
coated grids, stained with 2.59% uranyl acetate in 1% potassium permagnate. The sections were
examined in AE1-6B and Siemens Elmiskop 1A.

For cytochemical demonstration of acid phosphatase in Golgi complex, Gomori’s technique
1952 adapted for electron microscopy by Holt and Hicks 1961 was applied. The cells were concen-
trated and fixed at 0°C for 1 h with 2.5% gluterealdehyde in cacodylate buffer (Plumel 1948) at
pH 7.3. The cells were washed three times 5 min each in the same buffer containing 3.75 % sucrose.
The material was then incubated for 30 min at 37°C in @ medium containing sodium glycerophosphate
as substrate and lead nitrate dissolved in 0.05 M acetate buffer pH 5.2. After rinsing for 5 min each
in (1) 4.8% sucrose, (2) 4.8 % sucrose with 19 acetic acid and (3) 4.8 % sucrose (2 changes,) the ma-
terial was postfixed with 1%, osmium fixative and processed as usual. The controls were fixed with
2.5% gluteraldehyde in cacodylate buffer at 0°C and processed without incubation in the substrate
medium. The experimental material was stained with 2.59% uranyl acetate and the controls with
2.5% uranyl acetate followed by lead citrate (Reynolds 1963). Observation made were compared
with the ultrastructural data on the development of normal trichocysts in P. aurelia (Selman and
Jurand 1970).

Observations

In mutants neither mature or juvenile trichocysts are seen in the cortex attached
to the pellicle nor are there pretrichocysts present in the endoplasm. The only struc-
ture in mutants comparable to the very early pretrichocysts stages are endoplasmic
vesicles, spherical or slightly elongated in shape, about 0.4 um in diameter (PL I 1).
The membrane of these vesicles is a usual trilaminar unit-membrane about 6 nm
thick. On the inside the mebrane is covered by an internal electron dense apparently
discontinuous coat about 10 nm thick. The vesicles enclose a moderately electron
dense, homogenous and amorphous mass in average 0.3 pum in diameter located
in the centre. The amorphous mass remains detached from the membrane of the
vesicle leaving an electron translucent zone underneath the membrane. The vesicles
appear randomly distributed in the endoplasm without any topographical association
with other cytoplasmic organelles. Comparing these vesicles with the primordial
pretrichocysts vesicles from the non-mutant stocks (PI. I 2) it appears that the vesi-
cular membrane is similar in both cases. Apart from this, the mutant vesicles are
smaller and the crystalline core characteristic for the non-mutant developing pretri-
chocyst never appears in the internal homogenous mass.

Another type of vesicles are also present in the mutant. These are numerous small,
smooth vesicles, 0.25 um in diameter, in aggregates of 20-40. As many as 8-10 such
groups of vescicles are seen in one section. These vesicles are distributed throughout
the endoplasm, the majority of them are completely electron translucent and are
not associated with other cytoplasmic organelles (Pl. I 3, II 4). The vesicles are
negative to the acid phosphatase test.

In exconjugants of non-mutant P. aurelia we have observed a few small, curved,
smooth and flattened saccules with swollen ends and vesicles (Pl. II 5). One or two
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such groups are seen in one section as compared to over eight groups of vescicles
in the mutant.

Another feature of the trichless mutant is the presence of markedly numerous
lipid droplets located mainly at the periphery of the endoplasm.

Discussion

The regeneration and development of trichocysts have been described in Para-
mecium (Ehret and De Haller 1963, Yusa 1963, Selman and Jurand 1970)
and Frontonia (Y usa 1965). In trichless mutants of P. aurelia, we have observed the
presence of endoplasmic vesicles with an amorphous matrix. These vesicle are
morphologically somewhat similar to the primordial pretrichocyst vesicles in non-
mutant animals. However, in mutants neither a structure similar to the crystalline
core, which develops in non-mutants, is formed nor an increase in the volume of
the vesicle takes place. The differentiation of the crystalline body is a very important
and crucial step for the development of normal trichocysts. The subsequent steps
in maturation of trichocysts are features secondary to the initiation of this major
morphogenetic event (Yusa 1965). If we assume that the endoplasmic vesicles in
the mutant are primordia of trichocysts which do not develop the crystalline body
of the normal pretrichocysts type, they could be termed as “abortive pretrichocysts”.
The origin and nature of degeneraton of these vesicles remains to be investi-
gated.

To some extent similar ultrastructural features were found in mutant clones of
Paramecium aurelia obtained by sublethal U. V. irradiation (de Haller and ten
Heggler 1969). In this case, however, the trichocysts are initially developing nor-
mally in the endoplasm. Then, at the stage of pretrichocysts, when still bounded
by a membrane, they become unstable and readily discharge while located in the
endoplasm. They form short striated shafts, later form irregular electron dense
masses and eventually undergo resorption.

Thus the trichocysts in the U. V. mutants never mature and never reach the pre-
formed sites in the pellicle which alternate along the kinetics with the ciliary units.
In the light microscope the cell cortex of these mutants appears to be devoid of
trichocysts because the preformed sites in the pellicle remain empty and in this
respect the U.V. mutants resemble the trichless mutant where the trichocyst sites
are also empty (Pollack 1970).

Many protozoa have a well defined Golgi apparatus consisting of small saccules
with swollen ends and vesicles (Pitelka 1963). For ciliates, Golgi apparatus has been
recently described in Epistylis (Fauré-Fremiet et al. 1962). Campanella (Carassso
et al. 1964), Blepharisma (Kennedy 1965), Colpoda (Rudzinska et al. 1966)
Frontonia (Kennedy 1967), Tetrahymena during mating (Elliot and Zieg 1968)
and Paramecium caudatum (Esteve 1970).
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In P. aurelia, particularly in exconjugants, we have observed Golgi as consisting
of saccules and vesicles which are quite similar to those described in Tetrahymena
(Elliot and Zieg 1968) during mating.

In trichless mutants, the saccules are not seen but groups of numerous vesicles
are present. Similar vesicles in P. aurelia (Jurand and Selman 1969) and in salivary
gland cells of the larvae of the dipteran Smittia parthenogenetica (Jacob and Jurand
1965) have been regarded as Golgi complex. Thus in trichless mutants from the
structural point of view, these groups of vesicles are thought to be Golgi apparatus.
The vesicles are acid phosphatase negative. Golgi vesicles in Campanella (Carasso
et al. 1964) and in Tetrahymena (Elliot and Zieg 1968) during mating are also
acid phosphatase negative suggesting that hydrolases are not produced or stored
in them.

The significance of such an extensive Golgi in mutants is not clear. It remains
to be elucidated whether this extensive form of Golgi is a direct result of mutation
induced by nitrosoguandine or a later physiological adaptation or change in the
mutant. It is feasible that such an elaborate Golgi apparatus is in functional associa-
tion with the degeneration of endoplasmic vesicles in the trichless mutant.
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Summary

In trichless mutants of Paramecium aurelia stock d4-105. syngen 4, no mature
or juvenile trichocyst are seen. The only recognizable organelle, comparable to the
non-mutant form, is the primordial endoplasmic vesicle. These endoplasmic vesicles
have an amorphous and homogenous mass in the centre and they do not develop
the crystalline body of the normal pretrichocyst type. The vesicles probably degene-
rate in the cytoplasm and can be called abortive pretrichocysts. In the endoplasm
of these mutants there are also groups of smooth surfaced, acid phosphatase negative,
vesicles in aggregates of 20-40. These are regarded as representing an extensive
Golgi complex of the vesicular type. The exconjugants of Paramecium aurelia, non-
mutant form, show also Golgi apparatus consisting of saccules with vesicles similar
to those in the mutant.

RESUME
Chez le mutant étudie de Paramecium aurelia, souche d4-105, syngen 4, aucunes trichocystes, ni

jeunes, ni adultes n’étaient visibles. Les seules organelles reconnaissables, comparables a celles qui
apparaissent chez les-non-mutants — ce sont les vésicules initiales d’endoplasme. Ces vésicules
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ont le contenu amorphe et homogéne et ne forment pas de corpuscules caractéristiques pour les.
protrichocystes normales. Ces vésicles dégenérent probablement dans la cytoplasme et I'on peut
les qualifier de protrichocystes avortées.

Dans I'endoplasme de ces mutants apparaissent aussi les groupes de 20 & 40 vésicles aux parois
lisses et dont la réaction a la phosphatase acide est négative. Elles sont considérées comme appareil
de Golgi du type vésiculaire. Exconjugant de Paramecium aurelia, les non-mutants, démontrent
la présence de I'appareil de Golgi composé de sachets et de vésicules semblables a celles qui paraissent
chez les mutants.
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EXPLANATION OF PLATES I-I1

1: Electronmicrograph of a section of trichless mutant of Paramecium aurelia showing the endo-
plasmic vesicle. Notice the amorphous mass in centre and the limiting unit-membrane. Arrow
indicates the electron dense coat on the inside of the membrane — 90,000 x

2: Electronmicrograph of a section of non-mutant P. aurelia showing the primordial pretrichocyst
vesicle. Notice the crystalline body with periodicities located near the centre. There is no electron
dense coat on the inside of the unit-membrane — 41,000 %

3: Low power micrograph of the endoplasm of the trichiess mutant showing three groups of Golgi
complex — 20,000 x

4: Golgi complex in trichless mutant at higher magnification. Notice the electron translucent
nature of majority of vesicles — 60,000 x

5: Golgi complex in non-mutant P. aurelia (stock 31, syngen 8) during conjugation. Note the simi-
larity of these vesicles to Golgi vesicles in trichless mutant (4) — 40,000 x
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T.A. SHIBALOVA

Electron microscope observations on the development
of Eimeria tenella (Sporozoa, Coccidia) in tissue culture
I. The fine structure of the sporozoite

DIeKTPOHHOMHUKPOCKONHYECKOe uccnenosauue Eimeria tenella (Sporozoa, Coccidia)
NpH Pa3BUTHH B KyJIbType TKaHuu. I. YIbTpacTpyKTypa CHOPO30OHTOB

The fine structure of different stages of Eimeria tenella was reported by many
investigators (Scholtyseck and Strout 1968, McLaren and Paget 1968,
Scholtyseck 1969, Scholtyseck et al. 1969 a, b, Ryley 1969, Sénaud et Cerna
1969, McLaren 1969, Seliverstova 1970 and others). Much interest to this
species of avian coccidia may be accounted for, in part, by its high pathogenic
effect exerted on the host, and by the associated importance in poultry farm economy.

The in vitro cultivation technique applied to the coccidian research made it
possible to carry out a more detailed study into the parasite’s physiology and meta-
bolism, the results of which may be employed for purposes of the chemotherapeutic
control of coccidiosis.

Since 1968, studies on cultivation of avian coccidia both in tissue culture and in
chick embryo have been performed in the Laboratory of Cultivation of Protozoa
of the All-Union Research Institute of Poultry Diseases in Leningrad.

The present communication deals with the results of the ultrastructural investi-
gation of the sporozoites of Eimeria tenella, both free and intracellular ones.

Material and methods

Qocysts of a “pure” local strain of Eimeria tenella (Railliet et Lucet) were passed through
coccidia-free chickens. Oocysts used in this work were obtained from the chick droppings or caeca
and then allowed to sporulate in flasks under conditions of permanent aeration attained with the
aid of a microcompressor, at 21-23°C.

Sporulated oocysts were treated with sodium hypochloride and washed twice with distilled
water followed by a third washing in phosphate buffer. Gaining of oocysts and their further sporu-
lation were carried out under sterile conditions.

Sporozoites were released from mechanically destroyed oocysts followed by digestion with
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trypsin and chicken bile, and were separated from unbroken oocysts and oocysts debris by differen-
tial centrifugation (Doran and Farr 1961, Shibalova 1968).

Pellets of sporozoites were used for electron microscope observations and for tissue culture
infection. Cells of 9-12 day old chick embryos were used for tissue culture preparations. The infected
host cells were examined with light microscope, 5-24 h following sporozoite inoculation. Simulta-
neously, the infected cultures were examined with electron microscope using plane-parallel embed-
ding technique on glass smears (Bykovsky 1961). The material was fixed in 3% glutaraldehyde in
phosphate buffer followed by postfixation in veronal acetate-buffered 19, OsOy, dehydrated in a gra-
ded series of ethyl alcohol, passed through aceton and then embedded in Epon 812. Sections were
contrasted with lead citrate. Negative staining was carried out by mixing equal amounts of a suspen-
sion of sporozoites and a 29 solution of sodium phosphotungstate. Collodium-coated grids were
allowed to touch the mixture surface, the grids were then washed and dried. Photographs were
taken with an UEMV-100K electron microscope.

Results

A free extracellular sporozoite of Eimeria tenella is elongated in shape (Pl I 1).
After the penetration of the host cell, the sporozoite is getting oval (Pl. I 6) and
then — rounded.

The sporozoite pellicle is composed of three unit membranes, each 75A thick
(PL. 15, III 7) with two electron opaque layers between them. The inner layer is
thinner (100-120 A) than the outer one (190-200 A) (PI. I 5). In well fixed specimens
the membranes are seen continuous over the entire organism except at two poles
of the sporozoite where two inner membranes are interrupted.

The apical pole of the sporozoite is provided with a complex of organelles serving
for penetration of the host cell; among these a conoid, rhoptries (*‘paired organelles™)
and subpellicular microtubules being of primary importance.

The conoid is a cone shaped structure. Its longitudinally sectioned wall looks.
as a discontinuous line; a cross-sectioned conoid looks like a condensed ring.
In the upper part of the conoid there are two preconoidal (apical) rings. In the lower
part there is a polar ring from which subpellicular microtubules radiate downwards
(PL. I 4). The microtubules are running under the pellicle (Pl. III 7) and can be clearly
seen in the negatively stained specimens (Pl. I 2). In the contact area between the
tubules and the polar ring a row of plates is seen.

Behind the conoid, the cytoplasm contains numerous micronemes and rhoptries
(P1. III) 7) of different size. More numerous smaller structures (micronemes) 600-
-900 A in diameter, are covered with a unit membrane (PI. I 5) and filled with homo-
genous substance of an average electron density. They are evenly thick over the
whole length. The larger sac-shaped organelles, tapering in the upper part (800 A
in diameter) and broadening in the lower one (1600-1900 A in diameter), are also
covered with a unit membrane and contain a homogenous to fine granulated electron
transparent substance (Pl I 5, III 7). These are rhoptries which in our material are
as many as 6-9.
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The presence of paranuclear bodies surrounded with amylopectin granules is
characteristic of the sporozoite stage (Pl. I 1, 6, 9). Extracellular sporozoites display
two-three bodies on the either side of the nucleus (Pl I 1). Intracellular sporozoites
show more commonly one paranuclear globule only, behind the nucleus (PL II 6).
The globule is composed of loosely packed osmiophilic granules and has no limiting
membrane. Round or oval amylopectin granules are seen surrounding the para-
nuclear body which looks, in our material, more frequently as electron transparent
vacuole (PL. I 1, IV 9). The sporozoite is getting older, the number of amylopec-
tin granules is eventually reduced to none in rounded sporozoites.

At the level of the nucleus, a micropore (or ultracytostome) is present in the intra-
cellular sporozoite (Pl. I 3). It is an invagination of the outer unit membrane into
the interior of the cytoplasm through a thickened opening formed by two inner
membranes. One micropore was found in the sporozoite and invariably near the
nucleus.

The nucleus of the sporozoite (PI. 1 1, II 6, III 8) is limited with two membranes
with an electron transparent layer between them. Small osmiophilic granules of
chromatin are evenly dispersed. As the sporozoite maturates, the granules are
accumulating in small separate groups beneath the nuclear membrane and in the
nucleoplasm.

The Golgi elements ar found constantly near the nucleus (PL I 1, Ii 6). In large
mitochondria filled with a fine granulated substance, cross-cut alveole of tubular
cristae are seen (PL. I 1, IV 10). In addition, the sporozoite cytoplasm contains ribo-
somes, polysomes, endoplasmic reticulum and vacuoles of various shape.

The intracellular sporozoite is lying within a vacuole separated from the host
cell by a membrane (PL. 111 8, IV 10). The membrane of this parasitophorous vacuole
makes folds, invaginations and protrusions (Pl. III 8). Within the vacuolar space
there are small osmiophilic particles, membranous material, and globules lying
near the parasite’s surface (Pl. III 8).

In the host cell, canals of the granular endoplasmic reticulum, mitochondria
and sometimes Golgi elements are seen crowding along the membrane of the parasi-
tophorous vacuole (P. III 8, IV 10). In some cases, partial destruction of the host
cell cytoplasm was observed in areas adjacent to the sporozoite (PL 1V 9).

Discussion

The present communication deals with the ultrastructure of one stage of the
eimerian life cycle — the sporozoite. Special attention has been paid to two main
phases of its existence: extracellular survival outside of the host cell, and intracellular
development after entering the cultured cell. The elongated shape of the free sporo-
zoite facilitates penetration into the host cell. Inside the host cell, the sporozoite
is assuming an oval to round shape.
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Ryley 1969 and Seliverstova 1970 reported the presence of two membranes
constituting the pellicle of the motile stages (sporozoite, merozoite) of E. tenella. Two
membranes were found in the pellicle of merozoites of E. magna and E. intestinalis
(Snigirevskaya 1969), and of Plasmodium (Aikawa 1966). Three membranes in
the pellicle, where two inner ones were very close together, have been reported for
Toxoplasma gondii (Vivier et Petitprez 1969), E. larimerensis (Roberts et al.
1970, 1971), and E. necatrix (Dubremetz 1971).

Our observations suggest that the pellicle of sporozoites (both extracellular and
intracellular) is composed of three distinct unit membranes with two electron tran-
sparent layers between them. The inner layer is thinner (100-200 A) than the outer
one (190-200 A). This may account for a possible confusion in counting the number
of membranes since the two inner membranes being very close together, may be
taken as one. The outer unit membrane limits the entire body, whereas the other
two membranes are interrupted at the apical pole, in the conoid zone, in a small
area of the posterior body end, and in the point of plasma membrane invagination
in the micropore region.

McLaren and Paget 1968 described two rhoptries (paired organelles) in the
E. tenella sporozoite, whereas Ryley 1969 reported four rhoptries. In our specimens
at least 6-9 rhoptries were seen.

The intracellular sporozoite has a micropore (ultracytostome). This structure was
originally described in sporozoites of avian malaria parasites (Garnham et al.
1960); its possible function as ultracytostome was first suggested by Cheissin
and Snigirevskaya 1965. In our material, the micropore was always single with
a stable position at the level of the nucleus. Intracellular sporozoites displayed
the so-called functioning micropores.

The infected host cell is seen to be immediately separated from the parasite
by a unit membrane producing a parasitophorous vacuole where a further develop-
ment of the parasite proceeds. Thus, the parasite has no direct contact with the
host cell cytoplasm, being separated by a definite barrier constituted by the parasi-
tophorous vacuole and vacuolar space.

Immediately after the host cell gets infected, its endoplasmic reticulum canals,
mitochondria and Golgi elements are seen “‘arranged” along the parasitophorous
vacuole. This may be due to some changes in cell energy transport reported by Samp-
sonand Hammond 1972. The Golgi elements accumulated in this particular region
may be involved in formation of membranes of the parasitophorous vacuole.

Summary
A study was made on free living sporozoites of Eimeria tenella (Railliet et Lucet)

and their following penetration of the tissue culture.
The sporozoite pellicle consists of three obvious unit membranes with two elec-
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tron transparent layers between them. As many as 6-9 rhoptries were detected o
the apical pole of the sporozoite, these being sac-shaped and limited with a unit
membrane; 3-6 smaller segments of rhoptries were seen in the conoid region.

A single micropore was observed in the pellicle of the intracellular sporozoite;
its position was fixed constant at the level of the nucleus.

PE3IOME

B npeAcTaBACHHOM COOOIICHMM BKTIOMCHO M3YYCHMC YILTPATOHKOIO CTPOCHUS CHOPO3OHTA
E. renella (Railliet et Lucet): BHEKIETOYHOE €ro CYMICCTBOBAHHE W KODOTKHH MEPHON BHYTPH-
K/CTOYHOTO PA3BHTHA B KyAbTYpe TKaHM.

IMoka3ano, uto obonoyka cnopozonta (Kak cBOBOAHOTrO, TAK H BHYTPHKICTOYHOIO) WMCCT
B CBOCM COCTaBE TPH HETKO pa3jlefieHHble IeMEHTAapHble MeMOPaHbl, MEKAY KOTOPBIMH 3aK/IiO-
YCHBI 1BA INCKTPOHHOONTHYECKH CBETILIX C105. Ha anmikanbHOM monioce BRABASITIOCH 6-9 ponTpwuif,
KOTOPBIC MMEIH MEUKOBHAHYIO GopMy M GbUIH OrpaHHdYCHbI 21eMeHTapHOi MemGpanoit. Tpu —
wecTs Oojiee y3KHX YJacTKOB ponTpiii, oOHApYAHBAIHCH B 00JACTH KOHOMIA.

B 000704YKe BHEAPHBIIEIOCA B KICTKY CIIOPO30HTA KOHCTATHPOBAIH TONBKO OAHY MHKpO-
nopy — YJIbTPALKHTOCTOM, NOCTOAHHOC MECTONONIOKECHHE KOTOPOro HA YPOBHC AApA.
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EXPLANATION OF PLATES I-1V

The fine structure of the sporozoite of Eimeria tenella (Railliet et Lucet)

1: A longitudinal section of excysted sporozoite. x 20,000

2: Negative contrasting. The apical pole of sporozoite. Note subpellicular microtubules attached
to the polar ring in the form of plates. Rhoptries are seen, on the background of microtubules, as
electron transparent structures of various diameters. x 25,000

3: Micropore (ultracytostome) in sporozoite pellicle. >80 000

5: A cross-section of the sporozoite at the level of conoid. x 50,000

5: Three-membrane pellicle of the sporozoite. Rhoptries are surrounded with a unit membrane.
90,000

6: General view of an intracellular sporozoite. 20,000

7: Tangentially sectioned anterior end of the sporozoite. Note nine longitudinally sectioned broade-
ned parts of rhoptries. x 50,000

8: Accumulation of mitochondria and Golgi elements in the adjacent host cell cytoplasm. Note
a row of globules near the surface of the sporozoite. 20,000

9: Destruction of the sporozoite-infected host cell cytoplasm. x 10,000

10: Accumulation of the host cell granular endoplasmic reticulum canals limiting the parasito-
phorous vacuole. x 17,000

Abbreviations used:

a — amylopectin, co — conoid, er — granular endoplasmic reticulum, g — Golgi elements, m —
mitochondria, m,, m,, m3 — membranes constituting the pellicle of sporozoite (trophozoite),
mg — microglobules, mn — micronemes, mv — membrane of parasitophorous vacuole, mt—
subpellicular microtubules, n — parasite’s nucleus, nhc — host cell nucleus, pc — polar ring of
conoid, pb — paranuclear body, r — rhoptries (=paired organelles)
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Volume changes in Blepharisma intermedium

Changements de volume dans le Blepharisma intermedium

Growth and division are two distinct phenomena of life. These two processes
are affected by many factors. The rate of growth in protozoans alters with the chan-
ges in the culture medium. One of the parameters employed to measure growth rate
is by determining the volume of the cell. In this investigation the cell volume of the
ciliate Blepharisma intermedium grown at different temperatures, different buffers
of varying molarity and pH has been studied. Since traces of many heavy metals
are known to promote growth, a study of the effects of copper and zinc on volume
changes has also been included.

Methods

Stock cultures of Blepharisma intermedium were grown at 26°C-£2 in hay infusion fortified
with Horlicks malted milk (10 mg/100 mi). These cultures were transferred to a thermostat in which
incubations could be made simultaneously at two different temperatures — 32°C and 35°C. After
incubation at these temperatures for seven days, the ciliates were fixed on slides for cell volume
studies. Controls were maintained at 26°C+2.

From the stock culture, the ciliates were inoculated to fresh hay infusion which forms the organic
medium, 1% Cramer Myers (Cramer and Myers 1952) as the ciliates did not survive in the con-
centrated Cramer Myers medium and this forms the inorganic medium and filtered stream water
which forms the natural medium. These three media were supplemented with zinc at a concen-
tration of 1 mg/100 ml, and with copper separately at a concentration of 1 mg/1000 ml! in hay in-
fusion, 1 mg/10 000 m! in Cramer Myers and stream water. Equal volume of a solution of Horlicks
(10 mg/100 mi) was added to all these to support bacteria. The ciliates grown at 26°C--2 in these
supplemented media for seven days were isolated and fixed to study the volume changes.

To test the effect of pH on growth, Blepharisma intermedium was grown in hay infusion at 26°C
=2 in three different buffers at different pH and molarity and fed on Horlicks malt (10 mg/100 ml).
The buffer components were separately dissolved in this medium and mixed in requisite proportions
to get the required pH and was diluted with the original medium when necessary, to the required
molarity. The following buffer systems were used: Citrate phosphate buffer system at 1 mM molarity,
the pH tried was 5 and 6. At | mM concentration in acetate buffer 5 and 5.6 pH were used. In tris
maleate — sodium hydroxide buffer, the pH and molarity used were 5.2 and 5 mM, 6 and 1 mM,

6
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6 and 10 mM, 9 and 5 mM. After 48 h, the ciliates were fixed for volume studies. Ciliates grown in hay
infusion at 26°C-2 with a pH 6.8 were kept as controls for all the experiments in the present
study.

The ciliates exposed to the two temperatures, two metals and three buffers with varying pH and
molarity were fixed in Carnoy’s fluid, stained in Schiff’s reagent and counterstained in light green.
The length and the width of the stained ciliates were measured on Camera Lucida drawings in mili-
meters, converted to microns using a stage micrometer (8 X eye piece and 10 < objective) and the
cell volumes in p® were computed from the formula for a prolate spheriod

V=4/3n (A[2) (B/2)?

in which A is the major axis and B is the minor axis. This formula has been employed by Scherbaum
(1956) and Thormar (1962) for similar studies on Tetrahymena pyriformis.

Results

Blepharisma intermedium at higher temperature shows reduction in volume as
shown in Figure 1, where the cell volume is plotted versus the incubaticn tempera-
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Fig. 1. Volume changes in Blepharisma intermedium at different temperatures at the end of 7 day

Fig. 2. Volume changes in Blephrisma intermedium grown in different media with copper and zinc
at room temperature at the end of 7 day

ture. Figure 2 shows the volume changes with copper and zinc in the three different
media, Figure 3 indicates the volume at different buffers, pH and molarity.
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Fig. 3. Volume changes in Blepharisma intermedium grown in different buffers at different pH and
different molarity at the end of 2 day

Discussion

The findings of several workers studying the effect of temperature (James and
Padilla 1959, James and Read 1957, Popoff 1908) on the size of various protozoa
indicate that there is an increase in size at low temperatures. Nemeth (1972) has
found decrease in cell size in Tetrahymena pyriformis exposed to cold shock (—25°C)
and heat shock (39°C). However, Thormar’s (1962) observations are different.
He has observed an increase in cell size in the ciliate Tetrahymena pyriformis at 34°C
when compared to 10°C. Our earlier investigation (Kasturi Bai et al. 1972) showed
that the number of fissions at 32°C and 35°C were the same i.e., three fissions per
day whereas at 26°C there was only one fission per day. Our present experimental
results show that there is a decrease in cell size in Blepharisma intermedium incubated
at 32°C and 35°C when compared to the control 26°C. This decrease in size is more
marked at 35°C than at 32°C. Growth in Blepharisma intermedium is temperature
sensitive and it decreases with increasing temperatures.

It has been found that copper and zinc in traces are very essential for the growth
of most of the protozoans (Hall 1965). Copper is necessary for the enzymes polyphe-
nol oxidase, ascorbic acid oxidase, and tyrosinase (Prosser and Brown 1961).
Zinc is found widely in higher concentrations than copper in animal tissues and
is an essential component of the enzymes carbonic anhydrase, alcohol dehydro-
genase. Recently it is known to play a role in stimulating RNA and protein synthesis
(Wegener and Romano 1963). However, at the concentrations tried in our studies,
both these metals reduce the growth rate. There is a considerable decrease in the
volume of the treated ciliates (Fig. 2) at 26°C.

The effect of pH of the medium upon the growth of several protozoan species
has been studied (Elliot 1933, Loefer 1935, 1938, 1942, Wingo and Anderson
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1951). It is established that there is relationship between the pH of the medium and
growth. The results of this investigation confirm that pH and different buffer systems
at varying molarities affect growth. There is considerable decrease in volume in
all the three buffers when compared with control 3.4 x 10¢ p*. However, the decrease
in cell size is less in tris maleate — sodium hydroxide buffer among the buffers tried.
In the acetate and citrate buffers, the higher concentrations proved lethal to the ci-
liates and hence cell size has been determined in 1 mM concentrations only.

Cytochemical studies on ciliates grown in hay infusion with buffers show that
the lipid, carbohydrate and protein contents and enzymes — succinic dehydrogenase,
alkaline and acid phosphatases of Blepharisma intermedium are dependent on the
nature of the buffer (Shadaksharaswamy and Jyothi 1973 a). The fission rate
is also dependent on the molarity, pH and nature of the buffers (Shadaksharas-
wamy and Jyothi 1973 b). Nemeth (1964) has observed changes in size, fission
rate as well as activity of some enzymes in Tetrahymena pyriformis exposed to cold
and heat shocks.

Our findings confirm that growth is sensitive to many factors in the medium.
A slight change in any one of the factors like temperature, pH, buffer systems and
increase in the concentration of trace metals bring about a considerable change in
the growth rate which is reflected in the volume of the cell.
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Summary

Cultures of Blepharisma intermedium were grown in hay infusion at room tem-
perature. These were exposed to different temperatures — 32°C and 35°C. Trace
metals Copper and Zinc were supplemented in the following medium — hay
infusion (1 mg/1000 ml of copper and 1 mg/100 of zinc), Cramer Myers and Stream
Water (1 mg/10 000 ml of copper and 1 mg/100 ml of zinc) Blepharisma intermedium
was grown in these medium at room temperature. The cultures of Blepharisma in-
termedium at room temperature were also grown in Citrate-phosphate, Acetate and
Tris maleate-sodium hydroxide buffers with varying molarity and pH. The volume
changes of ciliates grown under above mentioned conditions was determined.
Considerable decrease in size has been observed in all ciliates when compared to the

control.
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RESUME

On a cultivé des souches du Blepharisma intermedium dans des infusions de foin & la tempé-
rature ambiante. Elles ont été exposées a des températures différentes de 32°C et de 35°C.

On a ajouté des traces de cuivre et de zinc au milicu suivant — infusion de foin (1 mg de cuive/
1000 ml et 1 mg de zinc/100 ml), Cramer Myers et de I'eau de riviére (1 mg decuivre/10,000
ml et | mg de zinc/100 ml). Le Blepharisma intermedium a été cultivé dans ce milieu a la température
ambiante.

On a aussi cultivé des souches du Blepharisma intermedium dans du citrate — phosphate, de
I'acétate et des solutions tampons d’hydroxyde de tri — maleate — sodium 4 molarité variable
et avec des pH différents. Les changements de volume des ciliates cultivés dans les conditions
ci-dessus mentionnées ont été déterminés.

Une diminution considérable de volume a été observée chez tous les ciliates per rapport & I'échan-
tillon standard.
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The systematics of the genus Spirostomum Ehrenberg, 1838

Die Systematik der Gattung Spirostomum Ehrenberg, 1838

Since the establishment of the genus Spirostomum Ehrenberg, 1838, there has
been an unnoticed increase in the number of described species. Considerable intra-
generic confusion, if not already evident, is anticipated. This situation will most
likely be compounded by a lack of familiarity of many taxonomists with the original
journals coupled with relative inacessibility of these obscure journals in which many
of the species were described.

The purpose of this study is to focus the attention of protozoan taxonomists and
field workers on the genus Spirostomum by bringing all bona fide species to light.

The following criteria, when available, were used to differentiate species: body
size, length to width ratios, relative peristomal lengths, shape of the anterior tip
and posterior end, the number of somatic meridional rows, macronuclear shape
(i.e., ovoid, moniliform, or filiform), macronuclear nodal number nad micro-
nuclear number.

General description of the genus Spirostomum

Members of the genus Spirostomum Ehrbg., 1838 have a large, elongated, often
worm like, cylindrical (or, at times, laterally flattened) appearance. The anterior end
is either rounded or appears as a slight beak like projection. In most species, the
posterior end is truncated. Some species, however, possess a tapered tail. Length
to width ratios vary from 6-7:1 to 20: 1. On the whole, these ciliates are nonpigmented,
though some appear yellow or brown (Kudo, 1971). Zoochlorellae have been recently
observed in the endoplasm of one species (personal observation). Well developed,
subpellicular myonemes, present along the anterioposterior axis independent of the
longitudinal ciliary rows, account for the high degree of contractility and body
torsion. The pellicle has been described as a series of wide ridges and narrow furrows,
which are derived as elevations of the ectoplasm. The somatic ciliature arises from
the furrows (Finley et al. 1964).

The buccal apparatus consists of an adoral zone of membranelles (AZM) on the
left, a long narrow peristome, a cytostome and cytopharyngeal fibrils. The AZM
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begins at the anterior tip and progresses posteriorly parallel to the peristome. At a
point across from the cytostome, the AZM curves to the right and terminates on
the ventral border of the cytostome (Tuffrau 1967). Each adoral membranelle
is composed of 3 membranelles originating from a lamellar base consisting of 3
parallel rows of kinetosomes (Finley et al. 1964, Tuffrau, 1967). The peristome,
to the right of the AZM, is devoid of cilia. The right border of the peristome consists
of a row of somatic ciliature. Fibrils, connected to cilialess kinetosomes in the middle
of the floor of the peristome, extend and join each adoral membranelle. The ratio
of peristome to body length per species is quite variable and ranges from 1:4 to
3:5. Cytopharyngeal fibrils, originating apparently from peristomal fibrils and those
of the AZM, extend into the cytoplasm. There is no evidence of an undulating mem-
brane (Finley et al. 1964, Tuffrau 1967).

The somatic ciliature is uniform and complete, but the number of ciliary rows
appears to vary according to the species (Boggs 1962). There is one posterior con-
tractile vacuole with a canal leading anteriorly (Kudo 1971). The cytoproct is
terminal at the posterior end.

There are three general macronuclear configurations which vary according to
the species: ovoid (compact), filiform (rod shaped), and moniliform (noded). The
number of nodes in a moniliform macronucleus may be exceedingly large. The size,
number and location of the micronuclei are also variable.

This heterotrichous ciliate is gencrally found in stagnated marine and freshwaters
and subsists on a diet of bacteria.

Species descriptions

Spirostomum ambiguum Ehrenberg, 1838

Synonymy: Trichoda ambiguum Miiller, 1786.
S. ambiguum var. major Roux, 1901,

This species, the largest of the genus, measures 1-4 mm (Kahl 1932, Roux
1901). The length to width ratio is about 10:1 (Kahl 1927). Its peristome extends
2/3 of the body length. The posterior is blunt and cylindrical with a small contractile
vacuole. The cytoplasm may at times appear yellowish and is reported to contain
small globules of an undetermined nature (Roux 1901). One strain has been found
to contain zoochlorellae (personal observation). The macronucleus is moniliform,
containing 12-50 nodes connected by tapering filaments. There is a relationship
between the age of the organism and the macronucleus. The young exconjugants
display small macronuclei with fewer nodes than do the more mature forms. Con-
jugation, however, is so infrequent that it has been difficult to establish any clear
correlation (Sesachar and Padmavathi 1956). The micronuclei are numerous
(12-100) and have a diameter of 1.5-1.8 pm (Roux 1901). The peristome and oral
organelles are not obvious. This species is highly contractile and contains 46 somatic
ciliary rows (Boggs 1962). It is found in freshwater. See Fig. 1.
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Fig. 1. Spirostomum ambiguum. Camera-lucida drawing from a Chatton-Lwofl silver impregated

specimen. Fig. 2. S. caudarum after Kahl 1932, Fig. 3. S. ephrussi after Claparede and Lachmann

1858. Fig. 4. S. inflatum after Kahl 1932. Fig. 5. S. intermedium after Kahl 1932. Fig. 6. S. loxodes:
after Kahl 1932

Fig. 7. S. minus after Kahl 1932. Fig. 8. S. teres
after Kahl 1932. Fig. 9. S.9miui after Shigenaka
195
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S. caudatum (Miiller, 1786) Delphy, 1939

Synonymy: Enchelis caudata Miiller, 1786.
Enchelis caudata Schrank, 1803.
Uroleptus filum Ehrenberg, 1833.
Spirostomum filum Dujardin, 1841.
8. teres var. caudatum Zacharias, 1903,

The history of this species is quite confused. In 1939, when Delphy established
this species, he cited it as follows: S. caudatum (Schrank), but did not have Schrank
listed in his synonymy for the species. Adding to the confusion, Schrank (1803)
lists Enchelis caudata, but not as a new species, since the name dated back to Miiller
(1786). Since Enchelis caudata was named in 1786, and Uroleptis filum was not na-
med until 1833, it would seem that Delphy (1939) was quite correct in replacing
the species name filum with the older caudatum.

The length is generally from 200-300 pm but the organism can reach up to
700 pum. There is an obvious anterior beak and tapering tail. It is highly contractile.
The ciliary rows are few in number (14-16 per side) and are arranged in tight spirals.
The peristome is narrow and has a ratio of 1:4 with the body length. There is a well
developed AZM. The macronucleus is ovoid and accompanied by many small
micronuclei aligned in a series of parallel rows (Penard 1922). It may be found
both in fresh and salt water. See Fig. 2.

S. ephrussi Delphy, 1939

Synonymy: S. feres Roux, 1901.
non: S. teres Cldparéde et Lachman, 1858.

This species has not appeared in the literature since named by Delphy (1939).
The size is estimated at 450 um and it has an ovoid macronucleus. The peristome
is 3/5 of the total body length. Typically, the body is regarded as undulate when
moving (Delphy 1939). See Fig. 3.

S. inflatum Kahl, 1932
Synonymy: S. ambiguum var. inflatum Kahl, 1927,

This species, as drawn by Kahl (1927), resembles a Blepharisma with the char-
acteristics of a Spirostomum. The body length ranges from 300-400 pm and the
peristome extends to over 1/3 of the body length. The length to width ratio is 10-12:1.
The contractile vacuole is typical of the genus. There is a distinct vestibulum in the
peristome. The macronucleus is moniliform with 25 nodes. Its general habitat is
salt water. See Fig. 4.

S. intermedium Kahl, 1932
Synonymy: none.

In general characteristics, this species resembles a small variety of S. ambiguum.
The size of the organism, however, ranges from 400-600 pm. The macronucleus
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is moniliform with about 17 nodes. The number of somatic ciliary rows range from
25-30 for one side of the body (Eberhardt 1962). Itis found in fresh water. See
Fig. 5.

S. loxodes Stokes, 1885

Synonymy: S. ambiguum Dujardin, 1841.
S. ambiguum Stein, 1867.

The body length of this organism ranges from 300-600 pum. The anterior tip
typically is bent into a beak like structure and the body is contorted or at times
flattened with a length to width ratio of 6-7: 1. The peristome is 1/3 of the body length.
The contractile vacuole extends from a bulbous posterior to a tapered channel
anteriorly. The macronucleus is moniliform with about 9 nodes. The number of
micronuclei is unknown. This species is reported to be slow in responding to stimuli
which is believed to be due to poor contractility (Delphy 1939). The somatic cilia-
ture (number unknown) typically spirals toward the organism’s left from anterior
to posterior. It is found in fresh water. See Fig. 6.

S. minus Roux, 1901

Synonymy: S. ambiguum var. minor, Roux, 1901.
S. minus Kahl, 1932.

The length of this species ranges from 500-800 pm. The body is slender and often
flattened and tapered toward the extremities. The peristome extends less than 1/2
the body length (Roux 1901). The number of ciliary meridians ranges from 10-12
per body side with an average of 12 (Boggs 1962). The macronucleus is moniliform
with about 24 nodes. The micronuclei lie close to the macronucleus and number
4-20 with a diameter of 1.2 um (Kudo 1971, Padmavathi 1959). Found in both
fresh and salt water. See Fig. 7.

S. teres Claparéde et Lachmann, 1858-1859

Synonymy: none.

This species measures 150-400 pm in length. It can be often recognized by the
ovoid macronucleus situated close to the mouth. The peristome terminates at the
middle of the body and is connected to a short, tubular cytopharynx. The somatic
ciliary rows number 7-12 with an average of 9 per body side. The ciliary meridians
run parallel to the longitudinal axis (Boggs 1962). It has a rounded anterior end
and a truncated posterior end. The contractile vacuole and canal are typical of the
genus. The number of micronuclei are unknown. This ciliate may be found in both
fresh and salt water. See Fig. 8.

S. yagiui Shigenaka, 1959

Synonymy: Spirostomum sp. Seshachar et Padmavathi, 1956.
S. dharwarensis Desai, 1966.

This species represents how confusing various taxonomic descriptions can be-
come. Seshachar and Padmavathi (1956) described a species of Spirostomum
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with a filiform macronucleus without offering a species name. Shigenaka (1959)
described an identical species and called it S. yagiui. Shigenaka’s description included
not only the nuclear description but also buccal and somatic observations. Desai
(1966), on the other hand, loosely described what appears to be the same species
and offered a different species name. In addition, Desai’s description was incomplete
to the extent that it is doubted that anyone would be able to duplicate his work.
In comparing the work of the above investigators, it is our opinion that all three
strains are representative of one species and that the credit for the species should
go to Shigenaka. This species contains all the strains reported to have filiform
macronuclei.

S. vagiui has a flattened, ribbon like appearance with a rounded anterior end.
The average size is about 400 um (range: 300-800 pm). The length to width ratio
averages 14:1 (range 11-18:1). The peristome starts at the anterior tip and runs
along the ventral margin up to the middle of the body where it terminates at a funnel
like cytopharynx. The adoral membranelles number 130-140. There are about 20
somatic ciliary rows which begin at the anterior end and run parallel to the dorsal
margin until they reach the posterior end. The micronuclei number 3-15. There is
a large, posterior contractile vacuole with a long canal proceeding anteriorly along
the dorsal margin (Shigenaka 1959). See Fig. 9.

Discussion

In this organization of the genus, Spirostomum, the treatment of the species
has been extremely conservative. No new species have been described. An attempt
has been made to clearly define each previously named species. If a more liberal
approach had been taken, many of the descriptions in the literature could have been
given specific status of their own based upon one characteristic or another. For
example, different macronuclear nodal number ranges in various descriptions of
S. ambiguum could lead to the consideration that these various strains are indeed
different species. The filiform strain described by Seshachar and Padmavathi
(1956) has 6-15 micronuclei whereas the filiform type described by Desai (1966)
has 7 micronuclei which might have been considered sufficiently important by some
authors to warrent the establishment of two distinctly different species. We, how-
ever, did not feel this to be the case.

There are two reasons for this conservative approach, both stemming from our
extensive taxonomic studies on Blepharisma. From its inception, Blepharisma taxo-
nomy has been chaotic. This has not been due to any especial ineptitude on the part
of the taxonomists working with that genus, but rather to two features of the genus:
literally every morphological feature of the numerous named species shows consi-
derable variation; and due to the extensive collecting of the genus, numerous intergra-
des have now been cultured that show that each species is a part of a morphological
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continuum with all other species (Isquith 1966, Repak 1967). Since the species
of Blepharisma have been established on rather minute morphological grounds,
many of the previously established species are now considered to be synonyms.

Therefore, as long as Spirostomum taxonomy is based solely upon morpholo-
gical characteristics, broad species boundaries should be maintained. When addi-
tional data are gathered, then it may become possible to safely divide the species.

Future morphological investigations of the genus Spirostomum might improve
the current descriptions of species by filling in the appropriate missing information.
In addition, more attention might be paid to methods involving more exact measure-
ments, e.g., it might be more appropriate to measure the organisms in the contracted
state as opposed to estimating the elongated length, since it is difficult to obtain
full elongated specimens in fixed preparations and equally difficult to slow living
ciliates. It is further suggested that future taxonomic studies be performed and
reported on larger numbers of ciliates whenever possible so as to present statistical
validity.

The following key provides only that information needed to separate the species
from one another. The characteristics were chosen solely for facility of use. No
habitat data were used, since insufficient sampling has lead to the consideration that
such data is at this time invalid:

KEY

1a. Macronuclens fIlIOIM .« «.oo o miie civei o wiie ssves s sine soerien wsiesnienve 2
1. MAcrORUCIeNS ‘OVOIA &/ 5.ty afie i anice stceiles (ois somis €.al wmise: S48 pows 3
1c-:Macronuclens -monilform! v 7 vzl ann s we SNl ans eene 5
2. Length 300-800 pm. Macronuclear length 1/2 to equal that of the body . . S. yagiui
3. TRl DIeSENL . 25 Sueis G GUskie B0 5 s ad R a7 @TeisS ane alcends S. caudatum
3b.:No-tall. oiicl Sin maads AN R RR SN G SN R e RimelA WS S 4
4a. Length 100-400 pum. Peristome less than 1/2 body length . . . . . . . . S. teres
4b. Larger than 400 pm. Peristome about 3/5 body length . . . . . . . .. S. ephrussi
Sa. Posterior end SWOllER: . .7 §3% SONIN 35k enee wiba it Shw selavie s fe S. inflatum
Sb. Posterior end not swollen . . . ¢ v ¢ . o o0 Lh e d i e e 6
6a. Length 500-800 um. Length to width radio about 20:1 . . . . . . . . . . S. minus
6b. Length to width ratio about 10:1 or less . . . . . . . . . . . . . .. 7
8. OrRaniSDTODERE THAN LEAA. eccuise: s ool iouhed [riae wraesrsy sown prersy Sohe s S. ambiguum
7b. Organism significantly lessthan 1l mm . . . . . . . . . . . .. . . .. 8
8a. Peristome about 1/3 body length; anterior beak . . . . . . . . . . .. S. loxodes
8b. Peristome about 1/2 body length; no anterior beak . . . . . . . . . .. S. intermedium

Summary

Since the establishment of the genus Spirostomum by Ehrenberg in 1838, the
number of described species has increased. The objective of this investigation is to
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alleviate any potential or existing confusion by gathering all described species under
one cover and clarifying their taxonomic status.

Using various morphological criteria, the following organisms have been differen-
tiated and classified as bona fide species: Spirostomum ambiguum, S. caudatum,
S. ephrussii, S. inflatum, S. intermedium, S. loxodes, S. minus, S. teres, and S. yagiui.

ZUSAMMENFASSUNG

Seit der Feststellung des Genus Spirostomum in Jahre 1838 von Ehrenberg, hat sich die Zahl
der beschriebenen Spezies vermehrt. Das Ziel dieser Forschung ist die Abschaffung aller méglichen
oder gegenwiirtigen Verwirrung, indem alle beschriebenen Spezies unter eine Decke gebracht
werden und ihr taxonomischer Zustand aufgeklart wird.

Durch den Gebrauch morphologischer Kriteria wurden folgende Organismen differenziert
und als echte Spezies klassifiziert: Spirostomum ambiguum, S. caudatum. S. ephrussii, S. inflatum,
S. intermedium, S. loxodes, S. minus, S. teres, und S. yagiui.
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On the genus Oxymonas Janicki
(Pyrsonymphidae : Mastigophora) from Indian termites

Remarques sur le genre Oxymonas Janicki (Pyrsonymphidae: Mastigophora)
le parasite des termites Indiens

As early as 1915 Janicki erected the genus Oxymonas to accomodate a species
Oxymonas granulosa. Since then Kirby 1926, Kofoid and Swezy 1926, Connell
1930, Zeliff 1930, Cleveland 1935, Nurse 1945, Cross 1946 and de Mello
1953 have established further 21 species of this genus from various termite hosts,
all strictly confined to the family Kalotermitidae. But in India termites of this family
remain practically unexplored for their flagellates. Only de Mello and de Mello
1944, de Mello 1946 and Das 1972 have examined Cryptotermes sp. and Crypto-
termes havilandi (Sjosted) for their symbionts. Nevertheless, Oxymonas is not yet
recorded from this subcontinent.

In this paper, however, four species of Oxymonas including two new ones, col-
lected from the gut of Cryptotermes havilandi (Sjostedt) and Neotermes bosei Snyder
have been described. O. parvula Kirby and O. grandis Cleveland which have been
recorded from the new hosts, namely, C. havilandi and N. bosei respectively have
also been dealt with.

Material and methods

The specimens of Cryptotermes havilandi were collected from banyan trees (Ficus bengalensis)
in Ballygunge Lake area, Calcutta and at Falta, 24-Parganas District, West Bengal, India. For the
study of living flagellates 67 % Locke’s solution was added to the fresh gut-contents in which the
flagellates remain active and less deformed for a longer period of time. For permanent preparation,
smears of the gut contents were fixed in Schaudinn’s fluid, Carnoy’s fluid, Flemming's fluid and
acetoformol and stained in Heidenhain’s and Delafield’s haematoxylin.

The specimens of Neotermes bosei which had been collected from Atiamochar beat, Jalpaiguri
District and Cooch Behar forest range, Cooch Behar District, West Bengal and preserved in 70 %
alcohol were studied for their flagellates. The entire gut of the preserved termite was carefully dissec-
ted and kept in running water until all the alcohol was washed out. The smears of the gut-contents
were then drawn on the slides and dipped slowly in 70% alcohol. The usual staining procedure
for Heidenhain’s and Delafield’s haematoxylin was then followed.

All the measurements were taken with the aid of ocular micrometer and the drawings were made
with a camera lucida.

 §
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Results

Oxymonas bengalensis sp. n.
Fig. 1, PL. 11

Morphology

The shape of the body is generally sub-elliptical with pointed posterior end.
Length of rostellum is greatly variable. It may be shorter than or as long as or even
much longer than the body length. Occasionally it bifurcates at its anterior end.
Axostyle is stout and stiletto-shaped. It is broadest near the nucleus, gradually

Fig. 1. Oxymonas bengalensis sp. n.

pointed to the posterior end of the body and ultimately enclosed within the cytoplasm.
Rostellum contains the “non-staining” portion of the axostyle, the ‘‘recurvent”
portion of which could not be traced. Two blepharoplasts are located near the
base of the rostellum. Each blepharoplast gives rise to two flagella. Nucleus is ovoid
inshape and situated at the anterior end of the body near the shoulder of the axostyle.
It contains fine chromatin granules just beneath the thin nuclear membrane and
a round karyosome of 2.5 um in diameter surrounded by a distinct halo. Endoplasm
is clear but sometimes contains fragmented wood particles.

Measurements

Range Mean
Length of the body 42.5-98.6 pum 68 pum
Breadth of the body 15.3-17 pym 16.6 um
Length of the nucleus 5.1-6.8 pm 5.9 um
Breadth of the nucleus 3.4-4.2 ym 3.8 um
Diameter of karyosome - 2.5 pm
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Ratio of body length

to body width 2.3-6.4 4.2
Ratio of body length
to nuclear length 15-16.5 154

Host: Cryptotermes havilandi (Sjostedt).
Locality: Ballygunge lake area, Calcutta, India.

Remarks

Among all the species of Oxymonas Janicki described so far, the new species,
O. bengalensis, resembles O. projector Kofoid and Swezy and O. jouteli Zeliff in
having stiletto-shaped axostyle and in the shape and position of karyosome but is
closer to the former in the shape of the body. The species under report is, of course,
clearly distinguishable from the above two species by being larger in size (O. projector
12 to 40 pm long and O. jouteli 13.3 to 30.7 pm long) and in having stout axostyle
always enclosed within the cytoplasm. Whereas in O. projector and O. jouteli axo-
style is slender and projects out of the posterior cytoplasm to a moderate distance.

Oxymonas bosei sp. n.
Fig.. 2, Pl. 1:2
Morphology

The shape of the body is broadly ovoidal. Length of rostellum is considerably
variable depending perhaps on the attached or motile phase of the species. (According

Fig. 2. Oxymonas bosei sp. n.

to Cross 1946 a lengthy rostellum probably results from a passive growth in adap-
tation to external pressures acting on plastic cytoplason). Axostyle is stiletto-shaped.
Its *‘staining” portion projects slightly below the nucleus and hangs free in the cyto-
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plasm and its “non-staining” portion is extended into the rostellum. Blepharoplasts
are two in number and located in the same position as described in O. bengalensis.
The nucleus is situated at the anterior part of the body near the base of the rostellum.
It is elliptical in shape and contains numerous fine chromatin granules mostly con-
centrated to the peripheral zone. It also possesses an ovoid karyosome, 2 pm in dia-
meter, situated almost at the centre of the nucleus and surrounded by a distinct
halo. Endoplasm occasionally contains fragments of wood particles.

Measurements

Range Mean
Length of the body 172-236.2 ym  204.6 pum
Breadth of the body 31-48.6 um 38.2 um
Length of the nucleus 9-14.3 um 11.9 um
Breadth of the nucleus 4.6-8 um 5.1 um
Diameter of karyosome — 2.0 pm
Ratio of body length
to body width 4.3-6 5.0
Ratio of body length
to nuclear length 19.6-20.2 19.8 —_

Host: Neotermes bosei Snyder.
Locality: Atiamochar beat, Dist. Jalpaiguri, West Bengal, India

Remarks

Oxymonas bosei sp. n. resembles O. dimorpha Connell, O. barbouri Zeliff and
0. pediculosa Kofoid and Swezy in body-shape and in having stiletto-shaped axostyle.
But O. barbouri and O. pediculosa are much smaller in size (as shown in Table 1)
and have the axostyle projecting very slightly beyond the posterior extremity of the
body, while in the species under report the axostyle hangs free within the cyto-
plasm.

0. dimorpha is clearly differentiated from this new species by its much broader
size and round nucleus. Its axostyle also extends little beyond the posterior extremity
of the body. Similarities and differences of these four species are tabulated in
Table 1.

If dimensions are taken into account O. bosei also resembles O. grandis Cleveland
and O. megakaryosoma Cross but distinctly differs from them by the shape of the
body and the axostyle. It further differs from O. grandis in the nature of its nucleus.
A conspicuous karyosome is present in this new species while absence of karyosome
is the characteristic feature of O. grandis. O. bosei can be easily distinguished from
any other species of Oxymonas described so far by its larger dimensions, elliptical
nucleus, centrally placed ovoid karyosome and stiletto-shaped axostyle of shorter

length.
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Table 1

Comparison of Oxymonas bosei sp. n. with related species

0. dimorpha 0. barbouri O. pedi- 0. bosei sp. n.
culosa
Average length of
the body 120 pm 16.1 pm 34 pm 204.6 pm
Average breadth ‘
of the body l 100 pm 11 pm 21 um 38.2 um
Shape of the
nucleus round round round elliptical
Average dimen-
sions of the
nucleus 7.7 pm 4 pum 7 pm 119 pm x5.1 pm
Ratio of body
length to body
breadth in
average 1.2 1.6 1.7 5
Ratio of body
length to nuclear
length in average 155 4 5 19.8
Axostyle Resembles a
stiletto in form
and projects out Similar Similar Resembles a
of the posterior stiletto in form but
estremity of the hangs free in the
body cytoplasm
Type host Paraneotermes Glyptotermes | Kalotermes Neotermes bosei
simplicicornis barbouri nigripces Snyder
Banks

Oxymonas parvula Kirby, 1926
Fig. 3

Type host: Cryptotermes hermsi Kirby, Fanning Island.

Morphology

Body is ovoid or slender with round or truncated posterior end. Rostellum is
minute or as large as body length. Axostyle is very slender projecting sometimes far
beyond the posterior part of the body. Nucleus is oval or round. Fine chromatin
granules are distributed throughout the nucleus. The small spherical karyosome
is not surrounded by halo. Endoplasm contains many granules or wood fragments.
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Fig. 3. Oxymonas parvula Kirby, 1926

10um

Measurements

Range Mean
Length of the body 23.8-45.9 um 31.1 pm
Breadth of the body 3.4-8.5 pm 59 um
Length of the nucleus 3-4.2 ym 3.6 ym —
Breadth of the nucleus 1.7-2.5 pm 2.0 pm
Ratio of body length
to body width 2.8-6 4.1
Ratio of body length —
to nuclear length 5.4-8.7 7.2 -

Host : Cryptotermes havilandi (Sjostedt).
Locality: Jagannathpur (Falta), Dist. 24-Parganas, West Bengal, India.

Remarks

0. parvula is recorded for the first time from Indian termites. It is also a new
record from the host Cryptotermes havilandi. Type specimens measure 5-13 pum
in length. In the original description of Kirby 1926 as well as in the subsequent
description by Cross 1946, all other measurements except length are lacking. O par-
vula from the new host is much larger in size than the specimens described from
the type host species. Yet the shape, nature of axostyle, minute karyosome, nucleus
with uniformly distributed chromatin granules and endoplasm with many inclusions,
as observed in the specimens collected from the Indian host are in conformity with
Kirby’s description of O. parvula.

Oxymonas grandis Cleveland, 1935
Fig. 4
Type host: Kalotermes (Neotermes) dalbergiae Kalshoven.
Additional host: K. (N.) rectonae Dammernan.
Morphology
The shape of the body is ellipsoid. The rostellum is of varying size depending on

the attaching or motile phase of the species. Axostyle resembles a scimitar in shape.
Nucleus is ovoid in shape and situated just posterior to the shoulder of the axostyle
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in the interkinetic period. It has the length of 8.5 to 17 pm and breadth of 5.1 to
6.8 um. Karyosome is totally absent. Chromatin granules are of varying size. Endo-
plasm is finely granular and usually contains wood fragments.

10um
—

Fig. 4. Oxymonas grandis Cleveland, 1935

Measurements

Range Mean
Length of the body 78.7-266.2 ym  158.3 pm
Breadth of the body 18.7-45 ym 30.7 pm
Length of the nucleus 8.5-17 um 12.1 um
Breadth of the nucleus 5.1-6.8 pm 5.9 ym
Ratio of body length
to body width 3.5-8 5.7
Ratio of body length
to nuclear length 10.1-12.6 11.9

Host: Neotermes bosei Snyder
Locality: Atiamochar beat, Dist. Jalpaiguri, Cooch Behar Forest range, Dist. Cooch Behar,
West Bengal, India

Remarks

0. grandis Cleveland is a new record from the host Neotermes bosei Snyder and
also the first record from Indian termites. The measurements of the species from
N. bosei and from Kalotermes (N.) dalbergiae and K. (N.) tectonae as given by Cle-
veland 1935 and Cross 1946 respectively, are compared in the Table 2.

It is revealed from the Table 2 that the specimens of O. grandis collected from the
local host are obviously the largest in dimensions but their nuclei are compa-
ratively small.
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Table 2
Comparison of measurements of Oxymonas grandis from different hosts
(in pm)
p From K. (N.) dalbergiae and K. (N.) tectonae
. i
ot NG boxe by Cleveland by Cross
Range Mean Range Mean Range Mean
Length of the ?
body 78.7-266.2 1583 | 76-183 121 41-241 109
Breadth of the |
body 18.7-45 30.7 31-79 52 15-78.3 36.4
Length of the
nucleus 8.5-17 12.1 20-23 21 8.7-24.9 16
Breadth of the
nucleus 5.1-6.8 59 20-23 21 8-20.7 12.6
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Summary

Four species of Oxymonas Janicki, namely, O. bengalensis sp. n., O. bosei sp. n.,
O. parvula Kirby O. grandis Cleveland have been described from the gut of the
termite, Cryptotermes havilandi (Sjostedt) and Neotermes bosei Snyder collected from
West Bengal, India. Genus Oxymonas has been recorded from the Indian subcon-
tinent for the first time.

RESUME

La déscription de quatre espéces d'Oxymonas Janicki: O. bengalensis sp. n., O. bosei sp. n.,
0. parvula Kirby et O. grandis Cleveland vivants dans I'intestin des termites, Cryptotermes havilandi
(Sjostedt) et Neotermes bosei Snyder (Bengal d’Ouest, Indes) est presentée. Le genre Oxymonas
est reporté de subcontinent Indien pourla premiére fois.
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EXPLANATION OF PLATE I

1: Oxymonas bengalensis sp. n. X863
2: Oxymonas bosei sp. n. X400
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Haemogregarina simondi sp.n. a new haemogregarine
from a river turtle, Trionyx gangeticus Cuvier

Haemogregarina simondi sp. n. la nouvelle hémogrégarine
de la tortue Trionyx gangeticus Cuvier

The genus Haemogregarina comprises the common blood parasites of the cold
blooded vertebrates. They have been described from different hosts of fishes, am-
phibians and reptiles. The parasite characteristically develops within the red-blood
cells of the peripheral circulation and asexual reproductive stages are found in the
endothelial cells of the vertebrate hosts.

Previous reports on haemogregarines were made by different authors from various
hosts, and so far chelonian host is concerned Danilewsky (1885) described for
the first time a haemogregarine, Haemogregarina stepanowi from European water
tortoise Emys orbicularis.

In India, studies on haemogregarines from chelonia were started by Simond
(1901), who described two haemogregarines, Haemogregarina laverani and H. mesnili
from Emyda granosa and Emys tectum respectively, turtles of river Jamuna at Agra.
Simond (1901), also observed a haemogregarine similar to that of H. stepanowi
along with an infection of Haemoproteus (cited by Garnham 1966) in the soft
leathered turtle Chitra indica (=Trionyx indicus). Later Patton (1908), described
Haemogregarina nicoriae from Emyda granosa. In 1912, Laveran and Nattan-
Larrier described a new species Haemogregarina testudinis from a tortoise Testudo
emys. Besides, three more haemogregarine parasites were described from a turtle,
Lissemys punctata granosa Schoepff from Portuguese India, Nova Goa. These are
Haemogregarina vittatae Robertson, 1908, H. malabarica de Mello, 1932 and H.
xaveri de Mello, 1932 (cited by Bhatia 1936). Lissemys punctata granosa Schoepff
was also found to be infected with H. nicoriae (cited by Bhatia 1936). Since then, in
India, haemogregarines of chelonia remained untouched. The present communication
deals with a haemogregarine parasitizing the erythrocytes and lung endothelial cells
of a soft leathered turtle, Trionyx gangeticus Cuvier, inhabiting the river Ganges
and its estuary. H. stepanowi undergoes asexual reproduction in the bone marrow
of the vertebrate host and thus differs from the present parasite which develops
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in the lung. It may be mentioned that Ball (1958), described H. mirabilis from a
water snake in which the lung was the main site of schizogony. The parasite under
the present discussion has been given a new name Haemogregarina simondi after
the name of Simond, who was to describe first a haemogregarine from India.

Materials and methods

The turtles were collected from the local market and examined for the parasites. Thin blood
films were drawn on clean grease-free slides and stained with Giemsa after fixation in methanol.
Contact smears of liver and lung were made and stained following the same procedure. Small pieces
of liver and lung were fixed in Carney’s fixative as well as in Bouin’s fluid. Six micron sections were
cutand subsequently stained with iron alum haematoxylin.

Camera lucida drawings of the parasites were made and microphotographs were taken with
the help of a Leica camera using Kodak film of 32 ASA.

Results

The haemogregarine parasites in the peripheral blood were intracellular and
infect only the erythrocytes. Some extracellular forms were found and identified
as the mature gametocytes. Double infection of similar forms (Pl I 3, Pl II 16)
or of different forms were also observed. Percentage of double infection fluctuates
according to the intensity of parasitemea. Of five turtles examined so far three
were found to be infected with the parasite under report.

Only the gametocytic stages were found in the erythrocytes of peripheral blood.
Though no merozoite was found to invade the erythrocytes, many early stages
of gametocytes were observed successfully. This signifies that the infections are:
chronic.

Development of gametocytes in the erythrocyte

Youngest form

Both the macro and micro-gametocytes were found to develop in the red blood
cells. Youngest forms of both the gametocytes were minute and round to pear
shaped in structure (P I 1, 8). Cytoplasm is clear and transparent but sometimes is.
stained faint pink with Giemsa. The outer cell membrane of the parasite is distinct.
Nucleus is a compact mass situated the middle of the parasite. It stains deep red when
stained with Giemsa. Youngest forms of both the gametocytes are alike, but the
later developmental stages differ characteristically.

Development of microgametocyte

The youngest form increases in size and becomes oval in shape, both the ends
being blunt. Cytoplasm is clear and transparent with distinct cell membrane as in
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the earlier forms. At this stage the nucleus becomes ribbon or band shaped and adhere
to the cell membrane along the longitudinal axis of the parasite (Pl. I 9). Staining
reaction is the same as in the youngest form.

As the development proceeds, parasites become elongated with both ends blunt
and turn bean-shaped. Cytoplasm takes a light stain and is devoid of granules.
Nucleus continues to proceed along the longitudinal axis and reaches the middle
of the parasite still adhering to the cell membrane (Fig. 1 A, PI. I 10-12, PL II 13).
Meanwhile the parasite elongates further.

1oum

-

Fig. 1. Camera lucida drawings of Haemogregarina simondi sp. n. A — Developmental stage of
microgametocyte, B — Developed microgametocyte, C — Developmental stage of macrogameto-
cyte, D — Fully formed macrogametocyte

A fully developed microgametocyte (Fig. 1 B) is characterized by the peculiar
configuration of the nucleus. The elongated bean-shaped body may be slightly
curved. Cytoplasm again becomes clear and transparent, with no granules or pigment.
Nucleus is not at all a compact mass but two band-shaped structure adhering to the
opposite sides of the cell-membrane along the longitudinal axis. (PL. II 14-16).
It may be noted that in some cases it appears as a division of the nucleus. Careful
observation reveals and justify that though the nuclear mass shares both the sides
axially, chromatin threads or granules link them. At this stage the parasite measures
9.16 pm in length and 3.2 pm in breadth.

This is the last developmental stage of microgametocyte so far observed in the
peripheral blood. The microgametocyte may develop in any part of the cytoplasm
of the erythrocyte.
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Development of macrogametocyte

As the youngest form develops it attains the typical pyriform shape with one
end broad and blunt and the other end narrow but also blunt (Fig. 1 C). Cytoplasm
more or less transparent and a distinct cell membrane is present. Nucleus compara-
tively large and triangular in shape. It is situated at the broader end of the parasite and
not adhering with the cell membrane. (Pl. I 2). Nucleus stains deep red with Giemsa.

In the next phase of development the parasite increase in length. Cytoplasms
stains light pink in the broader and but clear and transparent at the narrower end.
Oval or “*band-shaped” nucleus is situated in the middle, along the transverse plane
of the parasite. The parasite is broader than the microgametocyte. Characteristic
developmental feature of the macrogametocyte is that the nucleus is always at the
middle and along the transverse plane of the parasite (Pl. I 3-5).

A developed macrogametocyte is broad, elongated, slightly curved and with
both the ends equally blunt (Fig. 1 D). A well stained cytoplasm with some granules
are the main fea ures of this gametocyte. Ribbon-like nucleus adheres with the cell
membrane at both sides along the transverse plane of the parasite (Pl. I 6-7). Nucleus
is either a compact mass or granular in nature. Staining reaction is similar. Position
of the gametocyte in the erythrocyte may be eccentric, lateral or tangential. No
further development of macrogametocyte has so far been observed in the erythrocyte.
It may be mentioned that none of the gametocytes exceed the erythrocyte in length.
Measurements: length 9.6 um, breadth 4.8 pm.

Extracellular forms in the blood show no structural differences and trinctorial
property with those found within red blood cells.

Pathogenicity

This intra-erythrocytic parasite has some effect on the host cell. Mostly, it has
been found that the host cell nucleus is pushed to a side when the parasite is
polar or tangential in position. The host cell nucleus is non attacked by the para-
site. No staining differences were observed between the normal and an infected ery-
throcyte. Deformities of the host cell due to parasitic infestation were not observed.

Schizogony

No schizogonic stages were observed in the erythrocytes. Contact smears and
tissue sections of both the liver and lung were examined carefully and some stages
of schizogony were found in the lung.

The parasites were found to invade the lung parenchyma, and develop within
the host cell (P1. 11 17, 18) i.e., parenchymatous tissue cells. After invasion the nuclei
of merozoites divide and redivide to form multinuclear schizont. The arrangement
of innumerable nuclei in the cell is irregular. The diameter of the nucleus vary between
0.75 pm to 1.0 um. Parasitized host cell becomes slightly larger in diameter. Some--
times it has been found that the lung capillaries were blocked by the merozoites.
No schizogonic stages were so far been observed in the liver.
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Discussion

Many reptiles have been found to be infected with blood parasites of the genus
Haemogregarina, which has been characterized by its schizogony taking place in
the red blood cells of the vertebrate hosts (Kudo 1966). The present authors were
unable to detect any schizogonic stage within the red blood cells. Ball (1958) while
describing Haemogregarina mirabilis from a snake, referred that its schizogony
occurs in lung tissue. The present parasite also performs its asexual reproduction
in the lung tissue. Further observation on its asexual reproduction is going on.

The parasite under report differs from all the previous haemogregarines so far
described from tortoises and turtles in measurements and in the manner of develop-
ment of gametocytes. The present haemogregarine is comparatively smaller than
the other haemogregarines. The peculiarity of the present parasite is that the gameto-
cyte never exceed the size of the host cell nor bent upon itself as in the case of Hae-
mogregarina stepanovi Danilewsky (Wenyon 1926). The parasite under discussion
has its asexual phase in lung and thus differs from other haemogregarines so far
described from chelonia in India.

So the present parasite has been assigned a new name Haemogregarina simondi
sp. n. to accomodate the parasite in the genus Haemogregarina Danilewsky.
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Summary

Haemogregarina simondi sp. n. has been described from a soft leathered turtle
Trionyx gangeticus Cuvier inhabiting the river Ganges and its estuary. Detail des-
cription of the development of the gametocytes within erythrocyte has been made as
well as asexual stage in the lung has been described.

RESUME

Haemogregarina simondi sp. n. a été décrite chez la tortue Trionyx gangeticus Cuvier qui habite
Gange sinsi que son embouchure. On a donné une description détaillée des gametocytes résidant
a l'intérieur des erythrocytes, de méme que la description des stades asexuels dans les poumons.
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EXPLANATION OF PLATES I-II

Haemogregarina simondi

1: Youngest form

2: Early development of macrogametocyte

3: Double infection of similar forms

4 and 5: Later developments of macrogametocyte

6 and 7: Fully developed macrogametocyte

8: Youngest form of microgametocyte

9: Early development of microgametocyte, with nucleus adhering the cell membrane
10-12: Later developmental stages of the microgametocyte. Note the movement of the nucleus
13: Later development of microgametocyte

14 and 15: Fully formed microgametocyte

16: Double infection of microgametocyte

17: Section of lung. Arrow showing schizonts

18: Same as above. Higher magnification

1-16: Stained with Giemsa, Figs. 17 and 18 Bouin’s fixed iron- Alum-haematoxylin stain
Scale represents 10 um except stated
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Clevelandella kidderi sp. n. (Clevelandellidae)
new heterotrichous ciliate from Wood-feeding Roach
(Panesthia sp.) of Andaman Islands, India

Clevelandella kidderi sp. n. (Clevelandellidae), un nouveau Cilié Hétérotriche
de Blattes xylophage (Panesthia sp.) des Iles Andaman, Inde

Kidder (1938) proposed a new name Clevelandella for his genus Clevelandia
Kidder, 1937, to include certain interesting heterotrichous ciliates found in the
digestive tract of Wood-feeding Roaches (Panesthia javanica Serville and P. spadica
Shiraki). Yamasaki (1939) unaware of Kidder’s work erected the genus Emmaninius
and described three species of ciliates from P. angustipennis Illiger. Corliss
(1961) considered that the genus Emmaninius Yamasaki, 1939 is congeneric with
Clevelandella Kidder, 1938 with a general remark that Yamasaki independently
described the same interesting ciliates from the same host. However, from the available
descriptions and illustrations of all the species of this genus described so far it is
evident that Yamasaki’s “longicollis” and “plantiformis” are conspecific with
Kidder’s C. nipponensis and C. constricta respectively. But there are sufficient
reasons to believe that Yamasaki’s another species viz. “E. papilloris” is a distinct
form and can be treated as Clevelandella papilloris (Yamasaki 1939).

During the recent survey of Andaman Islands the authors encountered a species
belonging to this genus inhabiting the gut of the Wood-feeding Roach (Panesthia
sp.). This form showed considerable differences from all the known species of the
genus. Hence it is described as a new species Clevelandella kidderi sp. nov.

The type specimens are deposited in the National Collection of Zoological
Survey of India, Calcutta.

Materials and methods

The following observations are made on both the fresh specimens kept in the normal saline
and fixed as well as stained specimens. Lugol’s iodine was used for observing the peripheral organ-
ellae. For making permanent preparations the specimens were fixed in Schaudinn’s fluid and
stained in Heidenhain’s iron-haematoxylin.
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Description

The body is spear-shaped, greyish in colour, dorsoventrally flattened, right
side moderately arched and left side more arched and forms a notch where it joins
the peristomal projection. Body can be divisible into two parts — the peristomal
prolongation and the body proper. Body proper terminates as a blunt point anteriorly.
A distinct ectoplasmic cortical layer present all throughout. The body proper measures
61-90 pum in length (average 74 pm) and 43-60 pm in breadth (average 52 pm).
The peristomal projection is eccentrically located measuring 27-33 um in length
(average 31 pum) and 13.5-25.5 pm in width (average 18.5 pm). The body ciliation
is restricted to the anterior half of the body and the cilia are very fine. The ciliary
lines are closely set, evenly distributed throughout and they converge to one side of
the body (Fig. 1 A, B). The peristome extends up to the middle of the peristomal

50um

Fig. 1. Clevelandella kidderi sp. n. A — dorsal, B — ventral view, cv — contractile vacuole, cy —
cytopharynx, k — karyophore, Ma — Macronucieus, Mi — Micronucleus, p — peristome

projection with a slightly longer dorsal flap of peristome than the ventral flap.
The well developed cytopharynx extends through the peristomal projection and ter-
minates a little distance below the macronucleus. A row of membranellae lines
the left side of peristome. The contractile vacuole is single and located in the area
where the ciliary lines converge. The macronucleus is broadly oval in shape,
measures 27 pm by 15 pm and placed diagonally in the body proper. The kary-
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ophore is formed of a single membrane and reaches the left margin of the body
anteriorly. The micronucleus is single, round, measuring 5-6 pm in diameter and
adheres to the macronucleus.

The individuals are sluggish displaying backward swimming locomotion.

Type host: Panesthia sp.

Habitat: Hind gut.

Type locality: Wright Myo, Andaman Island, India.

Date of colln.: 1-8, 1972,

Holotype: Z.S. 1. Reg. No. Pt. 1590

Diagnosis of Clevelandella kidderi sp. n.

Body spear-shaped, dorsoventrally flattened, left margin forming a notch near
proximal end of peristomal projection. Average size of body proper 74 pm (61-90 um)
by 52 pm (43-60 pm), peristomal projection prominent, average size 31 pm (27-33
pm) by 18.5 pm (13.5-25.5 pm). Peristome extends up to the middle of peristomal
projection. Body ciliation closely set. Macronucleus oval, size 27x15 pm, with
a single karyophore, micronucleus round, faintly staining with haematoxylin size
5-6 pm. Cytopharynx extends through the peristomal projection and terminates
just below macronucleus.

Discussion

The species described here resembles Clevelandella nipponensis Kidder (=E.
longicollis Yamasaki) in its general body shape and nuclei. But it differs in having
the cytopharynx extended more into the body, closely set ciliary lines and the presence
of a notch on the left side where the peristomal projection takes its origin. It also
resembles C. parapenesthiae Kidder in body shape and the position of cytopharynx
but differs from the latter in having the peristome extending up to the middle of
peristomal projection, the presence of oval-shaped macronucleus and a faintly
staining micronucleus. Moreover, the present from comes close to C. hastula Kidder
in its general body shape but can easily be separated from the latter in having a distinct
karyophore, small micronucleus and closely set ciliary lines. Therefore, the present
species does not resemble any known species of the genus recorded so far and hence
it is described here as new namely Clevelandella kidderi sp. n. The specific name
is given after Dr G. W. Kidder, who described the genus.
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Summary

The description of a new species of heterotrichous ciliate Clevelandella kidderi
sp. n. (Clevelandellidae) inhabiting the hind gut of Wood-feeding Roach collected
from Andaman Island, India is incorporated in this paper. Its affinities with the
known species of the genus and the differences to consider it as new species are
also included followed by the comments on the allied species of the genus.

RESUME

On a décrit une nouvelle espéce du Cilié Hétérotriche Clevelandella kidderi sp. n. (Clevelan-
dellidae) vivant dans Uintestin des Blattes xylophage (Panesthia sp.) recueillie aux Tles Andaman,
Inde.

On a aussi précisé ses affinités avec les espéces du méme genre, ainsi que les différences qui
permettent de la définir comme une espéce toute nouvelle. On a ajouté un court commentaire au
sujet des autres espéces du méme genre.
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Cytochemistry of some Trypanosoma species as related
to their capacity for diskinetoplastia.
II. Trypanosoma lewisi and Trypanosoma evansi

LuToxumMuveckoe CPaBHCHHE HCKOTOPBLIX BHAOB TPHMNAHOCOM
B CBA3H CO CPOCOGHOCTHO K JHCKHHCTOIJIACTHH

1I. Trypanosoma lewisi u Trypanosoma evansi

The species of Trypanosomidae family, belonging to the brucei group — in con-
trast to the representatives of the other groups of this family — are characterized
by the capacity of existing in the diskinetoplastic state i.e., they remain viable after
an impairment of kinetoplast (more accurate kinetoplastic DNA), (Reichenov
1939, Hoare 1954, Miihlpfordt 1959, 1970 Kallinikova 1967 a, b, Trager 1970).

The results of our former investigations (Warton and Kallinikova 1971,
Kallinikova and Warton 1972) suggest that unique capacity of the brucei group
is connected with the insignificant role of kinetoplast as compared with the other
trypanosomes. It became clear from our comparative cytochemical study that the
kinetoplast 7. cruzi — species not capable to diskinetoplastia — is characterized
not only by big dimensions but also by high concentration of DNA and by a complex
chemical composition. Around its kinetoplast, proteins and respiratory enzymes
are concentrating which indicates that this structure, together with the nucleus,
performs a central role in the cell metabolism. Besides, the kinetoplast of 7. equi-
perdum which belongs to the brucei group, shows a much lower concentration of
DNA and a much lesscomplex chemical composition as well as loss of its important
role in the cell metabolism.

Other Trypanosoma species belonging to different groups, namely: 7. lewisi
of lewisi group, and 7. evansi of the brucei group, have been investigated cytoche-
mically. In order to ascertain whether the difference in cytochemistry of the trypa-
nosoma cell as a whole as well as of the kinetoplast itself are characteristic features
for the groups of species under study.

' Present address: Department of Parasitology, Nencki Institute of Experimental Biology,
Polish Academy of Sciences, 00-973 Warszawa, Pasteura 3.

http://rcin.org.pl



356 A. WARTON and W. D. KALLINIKOVA

Material and methods

The strains of T lewisi Kent' were cultivated in the blood of young albino rats by subcutaneous
infection at two weeks intervals. The strains of 7. evansi Steel® were cultivated in the blood of white
mice. In this case the strains were inoculated at 4-days intervals. Both trypanosomes were studied
at the peak of infection (the 8-9th from the moment of infection with 7. lewisi and on the 4-5th
day in the case of 7. evansi).

Similarly as in the case of 7. cruzi and T. equiperdum (Warton and Kallinikova 1971, Kalli-
nikova and Warton 1972) the following tests were applied: Feulgen (DNA), Brachet (RNA),
Mazia (general protein test), Alfert and Geschwind (modification of Geyer) Amido black 10 B
staining (histones), Barnett and Seligman method (SH-proteins) as well as staining with Janus
Green B, method of Moog (cytochrome oxidase), Nachlass et al. (NADH- and NADPH-dehydro-
genase) and benzidine method (peroxidase activity).

Results
DNA

For T. lewisi the presence of a rather big, rod-shaped kinetoplast with a strong
reaction for DNA is characteristic. DNA is distinctly revealed in the nucleus, mostly
as a peripheral ring, but here the reaction is much less intense than in the kinetoplast
(PL. I 1).

In T. evansi, after the reaction for DNA the result in nucleus is the same as in
the case of T. lewisi whereas the kinetoplast is stained less intensely than in 7. lewisi.
It present a tiny pink point in some cases it fails to appear after the Feulgen reaction
(PL I 2).

RNA

Pyronine staining is rather faint and diffuse in the cells of 7. lewisi, being often
more intense around the nucleus and rarely around kinetoplast (Pl. I 3). In single
cells, between the nucleus and kinetoplast a wavy canal is observable, showing
practically no basophilia. Neither volutine nor any other granules are observable.
Besides cytoplasm, pyronine stains also the flagellum. In some cases the kinetoplast
shows a brown shade which disappears after RNA-se. In most cells the nucleus
and Kkinetoplast are stained after methyl green, the nucleus less intensely than
kinetoplast.

The cytochemical picture of RNA revealed in 7. evansi is very similar to that
in 7. equiperdum. The difference consists in the more intense, more diffuse and
regular staining in the cells of 7. evansi (Pl. I 4). The highest concentration of RNA
and of volutine granules is observed in the cell end opposite to kinetoplast. Nucleus
stains intensely with methyl green whereas kinetoplast appears as a tiny faint point
only in some cells even after the treatment with RNA-se,

2 The strain T. lewisi was supplied to us by prof. W. I. Chatchayan (Inst. of Experimental Biology
in Erivan).

3 The strain T. evansi was supplied to us by prof. I. W. Abramov (Inst. of Experimental Veteri-
nary in Moscow). We express our thanks to those investigators.
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General protein

In 7. lewisi a homogeneous staining appears after bromphenol blue with a
disitinct concentration of stain on both sides of the rod-shaped kinetoplast, especially
on the side opposite to the nucleus (Pl. I 7, 8). The nucleus itself fails to differentiate
on the background of cytoplasm whereas the kinetoplast with proteins. After hydro-
lysis, the intensity of reaction increases especially in the nucleus. Kinetoplast is
more distinctly seen and still remains stainless, on both its sides an intense staining
of cytoplasm is observable. The nucleus and the point behind the kinetoplast and
sometimes the kinetoplast itself show metachromazy.

Staining with bromphenol blue is less homogenous in 7. evansi than in T. lewisi
(PL. I 8). Small granules and vacuoles are revealed in the cell most often on its
end opposite to kinetoplast. The stainless vacuole around the kinetoplast is seen
rather distinctly. Nucleus fails to differentiate on the general background of the
cell. Flagellum is faintly stained. On the place of disposition of kinetoplast a bright
grain is often visible. The character of bromphenol blue staining of the 7. evansi
cells reminds the same results in 7. equiperdum.

The general intensity and homogenity of staining increases slightly after hydro-
lysis. The peripheral zone of nucleus and the spot of kinetoplast become metachro-
matic and slightly brownish. Sometimes the flagellum is intensely stained.

Histones

In the cell of 7. lewisi, similarly as in the case of 7. cruzi, nucleus stains intensely
with Amido black 10 B (PL I 5, 6). In the kinetoplast the result is less intense. In
the control after hydrolysis in 0.25 N HCI, neither the nucleus nor kinetoplast
are stained.

In 7. evansi and T. equiperdum histone staining is similar being distinctly positive
in the nucleus and very often also on the kinetoplast (PI. I 6). In 7. evansi histones
are revealed more distinctly than in 7. equiperdum. In T. lewisi the positive reaction
for histones in kinetoplast evokes no doubt while in the case of T. evansi it cannot
be considered as conclusive, being, however, more definite than in the case of 7. equi-
perdum.

SH-containing proteins

In the cells of 7. lewisi the SH-proteins appear in the form of a pale diffuse reaction
of the whole cytoplasm (PL. I 9). Nucleus either fails to differentiate on this background
or is slightly paler. The rodshaped kinetoplast shows negative reaction, and the
cytoplasm on its both sides stains very intensely.

The picture of staining of SH proteins in 7. evansi reminds at in 7. equiperdum.
The whole cell is very faintly stained and no one of its structures is differentiated
(PL. T 10). Despite this similitude to 7. equiperdum, some more details could be
observed in 7. evansi. So in some cases the kinetoplast is stainless and an accumu-
lation of stain is observed near it.
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Janus Green staining

In T. lewisi the kinetoplast becomes stained before all. After a few minutes it
appears as a rather big greenish-blue rod (PI. II 11). Later on several granules lying
near it become stained as well as more tiny granules dispersed over the whole cyto-
plasm. The granule behind the kinetoplast becomes nearly always distinctly differen-

tiated.
In 7. evansi the kinetoplast becomes stained before all, and later on also several

granules without any definite topography, however, never concentrated around
the kinetoplast (PL. II 12). In some cases the accumulation of granules is even observ-

able at the cell end opposite to kinetoplast.

Cytochrome oxidase

The intensity of reaction for cytochrome oxidase is in 7. lewisi very high (Pl. IT
13, PL. III 19). The number of grains of indophenol blue reaches 30-40 in one cell,
the majority of them being grouped between the nucleus and kinetoplast as well
as at the place of the kinetoplast position.

In 7. evansi the cytochrome oxidase reaction — although positive — is, however,
limited to 6-9 grains of indophenol blue which are scattered at random over the
whole cytoplasm (P1. II 14, Pl III 20). One of those grains is always present at the
place of kinetoplast position.

NAD-H-dehydrogenase

Its activity in the 7. lewisi cells is manifested as 8 —10 granules localized in the
zone around kinetoplast (P1. II 15, PL. III 21). In some cases the whole kinetoplast
shows the activity of this enzyme.

In 7. evansi one or several grains appear usually at the place of kinetoplast
(PL. 1I 16, PL. III 22). They are much more numerous at the cell end opposite to
kinetoplast.

NADPH-dehydrogenase

Its activity in 7. lewisi is higher than in 7. evansi. In the first species up to 15
grains are present out of which 2-3 are observable at the position of kinetoplast
and the remaining ones are dispersed at random in cytoplasm (Pl. II 17, PL III 23).
Sometimes the kinetoplast itself seems to manifest the activity of NADPH dehydro-
genase. In some cells the activity of the enzyme studied fails to appear anywhere
except the kinetoplast.

In T. evansi the granules — as a rule — are less numerous. They are usually
localized at the cell end opposite to the kinetoplast (P1. I 18, Pl. III 24). At the site
of kinetoplast the granules are not always present, however, sometimes only the
kinetoplast appears active in the whole cell.
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Peroxidase

In the blood froms of 7. lewisi and T. evansi, as well as in the blood forms of
T. cruzi and T. equiperdum the peroxidase activity failed to be revealed by the cyto-
chemic benzidine method (PI. III 25, 26).

Discussion

The trypanosomes studied in the present work have not been investigated regularly
by cytochemical methods. The data found in literature on cytochemistry of 7. lewisi
concern mostly the nucleic acids of kinetoplast, precisely its DNA (Breslau and
Scremin 1924, Roskin and Ginzburg 1944), fluorescence of kinetoplast (Wotton
and Becker 1963), its chemical heterogeneity (Westphal 1960) and the concentration
of mitochondria around this organelle (Wotton 1940) as well as granules connected
with the antigenic properties the cell (Ormerod 1958, 1959). Ris (1960) observed
the mitochondrial canal of kinetoplast by the light microscopy.

In the present study on 7. lewisi many features common with 7. cruzi were re-
vealed in the cytochemical characteristic of this species. The kinetoplast of 7. lewisi
is characterized not only by considerable dimension but also by a high concentration
of DNA. Besides DNA, RNA is revealed, general protein of histone type. Around
it the proteins of the cell are concentrating, among them the SH-proteins and the
respiratory enzymes. In this species, the mitochondrial canal could be observed,
running from the kinetoplast toward the opposite cell end and being most distinct
between the nucleus and kinetoplast. It is distinctly seen also in Leishmania tropica
major (Kallinikova and Nasyrov 1972).

The informations about cytochemistry of 7. evansi are very scarce and con-
cern mainly the DNA of kinetoplast (Hoare 1924, Baker 1961), and the presumed
content of RNA in it (Baker 1961).

It has been ascertained in the present study that the cytochemical characteristic
of 7. evansi and of its kinetoplast coincide with those of 7. equiperdum. The Kineto-
plast of 7. evansi is also characterized by small dimensions, insignificant content
of DNA, while the content of the histone type proteins was more definite.

Although in the majority of cases the activity of respiratory enzymes is mani-
fested at the site of kinetoplast position, they never concentrate around it, similarly
as the cell proteins.

In this way, the study of those two species of trypanosomes supports the results
of cytochemical investigation of 7. cruzi and T. equiperdum (Warton and Kallini-
kova 1971, Kallinikova and Warton 1972). Distinct cytochemical differences
are also observed between T. evansi and T. lewisi. They mostly concern kinetoplast
and indicate its different role in the metabolism of both species: its important role
in metabolism of 7. lewisi and its much less essential one in 7. evansi. Consequently
the cytochemical differences between 7. cruzi and T. equiperdum — concern not.
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only the species but even group of species and speak in favour of a distinct role
of kinetoplast in the metabolism of trypanosomes of groups lewisi and brucei.

The four above mentioned species of trypanosomes, distinctly differ by their
cytochemical characteristics connected with their belonging to the lewisi or brucei
groups. A similar cytochemical character show the species 7. cruzi and T. lewisi,
belonging to the lewisi group. They sharply differ from the species 7. equiperdum
and 7. evansi which belong to the group brucei.

These groups differences are very essential and concern mostly the kinetoplast
of trypanosomes. Both species of the group /lewisi, not capable for true diskineto-
plasty, are characterized by a big kinetoplast. Inside of it or also around it there
accumulate important biochemical components of the cell: DNA, RNA, histones,
SH-proteins and respiratory enzymes. The reaction for DNA is very intense in the
kinetoplast of both species. The SH-groups reaction is very distinct in both species,
this concerns before all the zone around the kinetoplast.

On the other hand, the species T. equiperdum and T. evansi of the brucei group
differ from the former pair of species group lewisi by the lack of concentration of
biochemical components around the kinetoplast and — possibly — by a less com-
plex composition of this structure. In 7. equiperdum as well as in 7. evansi the reac-
tion for DNA in kinetoplast being more intense than in the nucleus of those species,
is, however, much weaker than in the kinetoplast of 7. cruzi and T. lewisi.

The essential difference in the species studied, concerning the Kinetoplast, is
expressed by a different topographic relation of the most important biochemical
components of the cell to this organelle. The concentration of those components
around the kinetoplast is evidently not the common feature of all trypanosomes,
being characteristic for the group lewisi only. This indicates the important role of
kinetoplast in the metabolism of this species group. This explains also why the
impairment of kinetoplast becomes in this case destructive for the cell.

Nevertheless the cytochemistry of trypanosomes of the group brucei capable
of diskinetoplasty, indicates an insignificant share of kinetoplast in the metabolism
of those cells. The more important biochemical components of the cell do not con-
centrate around the kinetoplast, a part of them distinctly gravitates toward the
opposite cell end, the DNA content is lowered in kinetoplast and its chemical com-
position is evidently less complex. The loss of important role of kinetoplast in the
metabolism of the group brucei, involves essential differences of cytochrome oxidase
activity in both groups. The species of the brucei group show much lower cytochrome
oxidase activity which is in conformity with their belonging to the group of non-
cytochrome trypanosomes, suggesting, however, that they have lost their cyto-
chrome system not entirely. The loss of the leading metabolic role of kinetoplast
concerns not only the respiratory activity but also the protein-nucleic turnover
and metabolism in general. This explains why the species of brucei group may endure
so easily an impairment of kinetoplast.
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In this way the cytochemical characteristic of the trypanosome cell as a whole,
and of kinetoplast itself is actually tightly connected with the capacity for diskine-
toplasty of the species and explains the different degree of the last one in different
trypanosomes.

The study of four species permitted to reveal the common features of the cyto-
chemical characteristic of the trypanosome cell independently of their systematic
position. A higher DNA concentration in kinetoplast than in the nucleus of the
same cell, as well as the absence of peroxidase activity were characteristic for all
four species.

To the group differences should be also attributed the different activity of cyto-
chrome oxidase and an uneven content of the SH-proteins. Both are less conspicuous
in the brucei group. Histones or rather the alkaline proteins, were reliably revealed
by us only in the kinetoplast of 7. cruzi and 7. lewisi. This permits to state the pre-
sence of those proteins in the kinetoplast of the group lewisi.

Species difference of cytochemical character were also observed within each
of the two groups. This concerned mostly the species of the group lewisi, and less
those of the group brucei. Those differences concerned the details and were not of
an essential character. It may be concluded that the cytochemical differences of try-
panosomes are before all of a species group character.

Summary

Comparative cytochemical study of two trypanosome species (Trypanosoma
lewisi and T. evansi) belonging to different groups was carried out. The object of
study were: DNA, RNA, general proteins, histones, SH-proteins, activity of cyto-
chrome oxidase NADH and NADPH-dehydrogenases, stainability with Janus
Green and peroxidase activity. A conclusion has been put forward on the important
role of kinetoplast in the metabolism of 7. lewisi, and its insignificant share in the
metabolism of 7. evansi. The results obtained permit to explain the different capa-
city of diskinetoplasty in the species of the groups lewisi and brucei.

PE3IOME

Pabota MOCBAIEHA LMTOXHMMYCCKOMY M3YYCHMIO ABYX BHAOB TpumanocoMm (Trypanosoma
lewisi u T. evansi), npuHaanexkaiux X pa3usiM rpynoaM. Maysannce JTHK, PHK, obumit 6enoxk,
rucrousl, SH-copepxauue Genkn, aKTHBHOCTE UHTOXpomokcHAassi, HAJ-H- u HAI-®-H-geru-
AporeHas’, OKpalIMBAEMOCTb SIHYCOM 3CJICHBIM M NCPOKCHAA3HAS AKTHBHOCTL. PaccMatpusanach
KJICTKa B 1eI0M, HO 0cob0e BHIMAaHKE OBIIO YAC/ICHO KHHETOMIACTY H3y4aeMbIX BHAOB. Jenactea
BBIBOJA O BaXHOK pony Kuperonnacta B Merabommsme 7. lewisi M €ro HE3HAYHTCILHOM YYaCTHM
B oOMewne T. evansi. I1onyyenible AaHHBIC IO3BOJIAIOT NOHATH PA3HYIO CIOCOOHOCTH K AMCKHHETOIIA=
CTHH BHAOB Tpynnsl lewisi u brucei.
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1, 2 — Feulgen reaction for DNA

3, 4 — Staining of RNA after Brachet

5, 6 — Histone reaction

7, 8 — Reaction for general proteins, a, b — before hydrolysis, ¢ — after hydrolysis
9, 10 — Reaction for SH-proteins

11, 12 — Janus Greeen staining

13, 14, 19, 20 — Cytochrome oxidase reaction

15, 16, 21, 22 — NADH-dchydrogenase reaction

17, 18, 23, 24 — NADPH-dehydrogenase reaction

25, 26 — Peroxidase reaction
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