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Phototransduction in Blepharisma and Stentor 

Stanisław FABCZAK and Hanna FABCZAK 

Department of Cell Biology, Nencki Institute of Experimental Biology, Warszawa, Poland 

Summary. The ciliates Blepharisma and Stentor exhibit distinct light-avoiding behavior (photophobic response). This cell behavior is 
attributed to photoexcitation of receptor chromoproteins located in cell organelles (pigment granules). The photochemical process in the 
receptors of both these ciliates, considered as a primary reaction to light, initiates the sensory transduction chain leading to delayed 
generation of membrane photoreceptor potential. The photoreceptor potential is coupled to the photophobic response (ciliary reversal) 
through an action potential which is elicited by receptor potential when its amplitude exceeds the membrane excitation threshold. The 
direct relationship between photoelectrical transduction and electromotor events is evidenced by a close temporal correlation observed in 
Blepharisma and Stentor between the latency periods of the action potential and of the cell stop response (receptor/action potentials appear 
to be instrumental in initiation of ciliary reversal). The photoreceptor potentials in Blepharisma are generated by transient changes in 
membrane conductance for Ca2+ ions. In Stentor the ionic nature of light-dependent membrane depolarization has not been fully elucidated. 
The action potentials in both Blepharisma and Stentor ciliates are produced by any suprathreshold depolarization, such as a photoreceptor 
potential, in the consequence of the Ca2+ channel and, after a delay, the K+ channel activations. 

Key words. Photoreceptor potential, action potential, photophobic response, Blepharisma, Stentor, sensory transduction. 

INTRODUCTION 

The pink Blepharisma japonicum and related blue-
green Stentor coeruleus ciliates are known to respond to 
changes in environmental illumination. In an unevenly 
illuminated container these cells swim predominantly 
towards shady or darker areas, away from the light source 
(photodispersal) (Jennings 1906, Mast 1906, Giese 1973, 
Diehn et al. 1977). Both these protozoa display distinct 
sensitivity to light since, unlike most other ciliates, they 
possess specific pigments (photoreceptors) enclosed in 

Address for correspondence: S. Fabczak, Department of Cell 
Biology, Nencki Institute of Experimental Biology, ul. Pasteura 3, 
PL-02-093 Warszawa, Poland; Fax: (4822) 225342; E-mail: 
sfabczak@plearn.edu.pl 

membrane-vesicle granules of about 0.3-0.7 |j.m in 
diameter. The pigment granules are located in the vicinity 
of ciliary basal bodies, directly under the cell pellicle. They 
are distributed in regular pigmented rows, alternating with 
clear rows of kineties over the cell body surface (Huang 
and Pitelka 1957, Randall and Jackson 1958, Tartar 1961, 
Kennedy 1965, Giese 1973, Newman 1974). Spec-
trophotometric analysis of the pigment structure of Stentor 
cells showed that the pigment identified as stentorin 
belongs to meso-naphthodianthrone class of compounds 
(Lankester 1973, Moller 1962, Walker et al. 1979, Tao et 
al. 1994). The structure of the pigment in Blepharisma, 
called blepharismin, has not been fully elucidated yet. 
According to Sevenants (1965) blepharismin presumably 
is also a derivative of hypericin. 
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2 S. Fabczak and H. Fabczak 

Recent experiments on aqueous preparations of pig-
ment granules from Blepharisma and Stentor provide 
some data indicating that the absorption of light energy 
by cellular pigments is accompanied by a release of H+ 

ions and acidification of the solution (Walker et al. 1981, 
Matsuoka et al. 1992). The changes in the cytoplasm pH 
of intact Stentor cells under steady-state photic stimula-
tion have also been shown to occur (Song 1981, Song 
et al. 1981). Based on these data, it has been proposed 
that the observed rapid proton release from the pigment 
into cell cytoplasm is an initial signal triggering the 
photosensory transduction chain which results in 
photodispersal of Blepharisma and Stentor cells (Song 
1981, 1983; Passarelli et al. 1984; Ghetti 1991). 

LIGHT-DEPENDENT MOTILE RESPONSES 

Photophobic response 

The photodispersal in Blepharisma and Stentor 
ciliates is a behavioral consequence of different specific 
light-avoiding responses such as negative phototaxis, 
positive photokinesis and step-up photophobic respon-
ses. The negative phototaxis is displayed by Stentor 
when a light beam is applied from a particular direction. 
On such illumination, the cells tend to turn and swim 
away from the light source in a direction parallel to the 
direction of light propagation, both in region where the 
beam is converging and were it is diverging (Song et al. 
1980b). The mechanism of cell phototactic response has 
not been elucidated in detail but it is supposed to consist 
of a series of consecutive and rapid ciliary reversals 
(Song 1989). Both in Blepharisma and Stentor there is 
a distinct dependence of the velocity of their movement 
upon light intensity (photokinesis); the stronger is the 
intensity of illumination of the cells, the greater is the 
speed of their swimming (Kraml and Marwan 1983, 
Matsuoka 1983b, Iwatsuki 1991, Fabczak S. et al. 
1993b). Moreover, in Blepharisma, the changes in body 
length in the order of 50% were reported upon steady-
state illumination (Matsuoka 1983b, Matsuoka and 
Shigenaka 1985). 

Most studies on behavioral photoresponses in 
Blepharisma and Stentor cells were devoted to the 
analysis of the motile response to the increase of light 
intensity in the environment (step-up photophobic 
response) (Wood 1975, 1976; Song et al. 1980a; Kraml 
and Marwan 1983; Matsuoka 1983a; Fabczak S. et al. 
1993a, b). The step-up photophobic response consists 

of cessation of forward swimming of the cell (stop 
response) followed by a period of backward swimming 
(ciliary reversal) (Fig. 1). Stentor moves backwards in 
a more or less straight line (Figs. 1 b,c) while Blepharis-
ma mostly moves backwards along a semicircular path-
way (Figs. le,f)- After a period of ciliary reversal the 
cell stops its movement before resuming a forward 
movement. Between the onset of the applied light 
stimulus and the beginning of the cell stop response 
there is a lag-time the length of which is inversely 
proportional to the light intensity (Kraml and Marwan 
1983; Scevoli et al. 1987; Iwatsuki and Kobayashi 
1991; Fabczak S. et al. 1993a, b). The delay of response 
in Stentor cells is of 0.1-0.2 s (Wood 1976, Iwatsuki 
and Kobayashi 1991, Fabczak S. et al. 1993a), and in 
Blepharisma this delay is longer and is about 1 s 
(Kraml and Marwan 1983, Ghetti 1991, Fabczak S. et 
al. 1993b). The overall result of the photophobic 
response in Blepharisma and Stentor is the change of 
the forward movement direction and escape from the 
lighted area. 

The sensitivity of the surface of the cell body to light 
in Blepharisma as well as in Stentor is not uniform. On 
light stimulation of different regions of Blepharisma 
body the photophobic response could be more readily 
elicited by illuminating the anterior part of the cell. 
Illumination of the posterior part of the cell did not evoke 
the photophobic response. In contrast, the acceleration 
of swimming (photokinetic response) was elicited to the 
same extent irrespective which part of the Blepharisma 
was subjected to illumination (Kraml and Marwan 1983, 
Matsuoka 1983b). A similar morphological difference 
has been reported in the ciliate Stentor where the anterior 
part of the cell is more sensitive to light stimulation than 
the posterior one (Wood and Martinelli 1990). These 
differences in responses, similarly as the recent spectro-
scopic evidence provided for Stentor (Iwatsuki 1991), 
suggest that the photoreceptors initiating the 
photophobic response are different from those inducing 
the photokinetic effect. 

The ciliary reversal which is observed during the 
photophobic response is quite typical and can be evoked 
in many ciliates by a variety of stimuli. However, the 
overall photophobic response in Blepharisma and Sten-
tor differs from their response, for instance, to a 
mechanical stimulus by the magnitude of the delay after 
which the ciliary reversal does appear. In Blepharisma 
and Stentor, similarly as in those ciliates which do not 
exhibit photoreception (e.g. Paramecium, Stylonychia), 
the ciliary reversal elicited by mechanical stimulation 
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Phototransduction in ciliates 3 

Fig. 1. Pictures of Stentor (a,b) and Blepharisma (d,e) swimming in the dark (a,d) and exhibiting a phobic response (b,e) to light. Photophobie 
response in Stentor (c) and Blepharisma (f) consists of stop of forward movement with some delay ( t c R L ) , ciliary reversal period ( t ß S D ) , stop 
of backward movement and resumption of forward swimming, in a new direction 

appears as early as within a few milliseconds (Eckert et 
al. 1972; Peyer and Machemer 1978; Wood 1982, 1991; 
Fabczak S. 1992, unpublished results) whereas the delay 
of the light-evoked response is several times longer. 
Despite the same final response of the cells (ciliary 
reversal) to the different stimuli the evident difference 
in the latency period between the light-induced response 
and that evoked by a mechanical stimulus indicates that 
separate processes are involved in the photo- and 
mechanotransduction chains. 

Action spectrum of photophobic response 

The action spectrum determined in Stentor in rela-
tion to the amount of phobically responding cells has 

the peaks at 570 and 610 nm (Song 1989, Fabczak S. 
1993a) (Fig. 2b). This action spectrum shows a close 
resemblance to the optical absorption spectrum of 
stentorin, of pigment extracted from Stentor (Kim et 
al. 1984). An analogous correlation was observed for 
Blepharisma cells between the action spectra for the 
photophobic responses (Fig. 3b) and the absorption 
spectrum of blepharismin (Gualtieri et al. 1989, 
Scevoli et al. 1987, Fabczak S. et al. 1993b). These 
data are consistent with the identification of blepharis-
min and stentorin as the photoreceptor which triggers 
the photophobic response of Blepharisma and Stentor 
cells, respectively (Song 1981; Ghetti 1991; Wood 
1991; Fabczak S. et al. 1993a, b). 
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Fig. 2. The action spectra for light-induced receptor potential (a) and 
step-up photophobic response (b) in Stentor cell. The spectra display 
the same maxima at 610 and 570 nm 

Modification of photophobic responses by external 
agents 

Whereas the involvement of blepharismin and stentorin 
as photoreceptor pigments in the photophobic response 
seems to be well established, at present the signal transduc-
tion scheme in both Blepharisma and Stentor cells are 
incompletely known. In a series of studies it has been 
demonstrated that Ca2+ channel-blockers including 
ruthenium red, pimozide, diltiazem, or La3+ ions specifi-
cally reduce the photophobic response and prolong the 
delay of the cell stop response without affecting sig-
nificantly the swimming pattern of the cells unstimulated 
by light (Song 1983, Kim et al. 1984, Prusti at al. 1984, 
Fabczak S. et al. 1994a). Low concentrations of external 
Ca2+ ions (Fig. 4) or increased level of K+ ions in the 
external solutions inhibit the light-dependent response as 
well (Colombetti et al. 1982, Iwatsuki and Song 1989, 
Fabczak S. et al. 1994a). In contrast, both caffeine and 
phosphatidic acid enhance the photophobic response and 
shorten the stop response time (Kim et al. 1984, Prusti et 
al. 1984). Thus, in Blepharisma and Stentor ciliates, as in 
a variety of other ciliates, the ciliary reversal that ends the 
signal transduction chain seems to be promoted by increas-
ing the intracellular concentration of Ca2+ ions (Song 
1981, Ghetti 1991). 

1.0 

0.75 

0.5 

0.25 

£ 

0.75 

0.5 

0.25 

350 400 450 500 550 600 650 700 
nm 

Fig. 3. The action spectra for photoreceptor potential (a) and phobic 
response to light stimulation (b) in Blepharisma ciliates. The spectra 
show the maxima at 460, 530 and 580 nm 

Moreover, protonophores such as FCCP, CCCP and 
TPMP+ inhibits strongly the photoresponses in both 
ciliates (Song et al. 1980a; Song 1981, 1989; Passarelli 
et al. 1984; Fabczak H. et al. 1993a). Thus the results 
seem to confirm the earlier suggestion that deprotona-
tion of the pigment is the initial step of cell transduction 
of the light signal leading to the photophobic response 
(Passarelli etal. 1984; Song 1981; Ghetti 1991; Fabczak 
S. et al. 1993a, b). 

According to the recent experiments, the cyclic GMP 
nucleotide seems to be involved in the photophobic 
response of Stentor. Light stimulation, as it has been 
demonstrated, induce a transient decrease in the level of 
cytoplasmic cGMP in the cell (Fabczak H. et al. 1994). 
Furthermore, the incubation of the Blepharisma and 
Stentor cells in solutions containing 8-bromo-cGMP, a 
membrane permeating analog of cGMP, or IBMX, a 
cGMP phosphodiesterase inhibitor, that is the agents 
raising the concentration of intracellular cGMP, inhibit 
significantly the photophobic response (Fabczak H. 
et al. 1993b,c). These findings, together with the 
demonstrated existence of a protein homologous to 
transducin, suggest that the changes of cGMP level in 
cell cytoplasm during illumination might be regulated 
with participation, at least in Stentor cells, of G-protein, 
that is in a way analogous to light signal transduction in 
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2+ Fig. 4. Inhibition of phobic response in Stentor (a) and Blepharisma (b) cells to constant light stimulation by decreasing external free Ca ion 
concentration 

photoreceptor cells of higher organisms (Rayer et al. 
1990, Yarfitz and Hurley 1994). 

PHOTOELECTRICAL MEMBRANE RESPONSES 

Resting, receptor and action potentials 

In the first attempts at studying the electrical changes 
occurring in protozoan cell membranes in the course of 
the photophobic response, Stentor cells were used. The 
internal recordings were performed with the convention-
al glass microelectrodes introduced into the large 
vacuole containing cannibalized another Stentor cell 
(Wood 1975, 1976). The intense regenerative processes 
which occur in the cell cause a rapid loss of contact of 
the electrode tip with the cytoplasm and deform to a 
significant extent, or even preclude, the recording of 
membrane potential in these cells. These intravacuolar 
recordings from cells in swimming form (pear-shaped) 
demonstrated generation of a depolarizing membrane 
response upon a photic stimulation (receptor and 
regenerative potentials). Since the initial deflection and 
the peak of the receptor potential are surmounted by the 
regenerative response, it was rather difficult to achieve 
temporal quantification of the receptor potential. The 
long lasting stimulus of high intensity applied to the 
extended sessile form of the cell could evoke a positive-
going irregular receptor potential triggering an action 
potential and cell body contraction (Wood 1976). 

The resting membrane potentials were also measured 
in Blepharisma cells but the accuracy of these measure-
ments was insufficient due to same reasons as in the case 

of Stentor cells. In fact, they were even less reliable 
because of cytoplasm vacuolization during the measure-
ment (Colombetti et al. 1987). To overcome these dif-
ficulties with membrane potential recordings some at-
tempts were made to estimate the membrane potential 
in Blepharisma indirectly, on the basis of distribution of 
tetraphenylphosphonium ions (TPP+) across the cell 
membrane (Ishida et al. 1990). TPP+ ions readily 
penetrate the membrane and their distribution follows 
the Nernst equation (Kamo et al. 1979). Changes in the 
level of this cation in the medium were measured with 
the external TPP+-sensitive electrode. This method, 
however, proved to be inadequate for studying 
protozoan cells. The value of the resting potential of the 
Blepharisma cell membrane calculated from such ex-
periments (about -140 mV) was markedly overestimated 
and the recorded changes seem to be too slow. As it 
follows from conventional electrophysiological meas-
urements, the resting membrane potential in Blepharis-
ma does not exceed, under typical experimental condi-
tions,-60 mV (Fabczak S. 1990; Fabczak S. et al. 1993b, 
1994b). 

Satisfactory recordings of the light-induced changes 
in the membrane potential in both protozoan organisms, 
Blepharisma and Stentor, have been only recently ob-
tained by taking advantage of intracellular micro-
electrodes introduced directly into cell cytoplasm 
(Fabczak S. et al. 1993a, b, 1994b). It was possible to 
obtain reproducible recordings this case because the 
recording chamber containing the cells was cooled 
and/or a calcium-chelating agent like EGTA or EDTA 
was added to the microelectrode-filling solution. Such 
procedures fully prevented the tip of the penetrating 
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microelectrode from encapsulation within the cell. 
Moreover, at lower temperature the cell motile responses 
are greatly slowed down which significantly facilitates 
microscope observations or cell video recordings. Suc-
cessful membrane potential measurements were also 
attained when the recording microelectrode tip was ex-
posed to mechanical microvibration (buzz). 

By applying these methodical improvements it has 
been demonstrated that the ciliates Blepharisma and 
Stentor, under standard conditions (culture medium, 
pH 7; 8-12°C), have a similar resting potential of -45 
to -55 mV. An increase in the light intensity evokes in 
swimming Blepharisma and pear-shaped Stentor a 
transient depolarization of the membrane, i.e. the cells 

generate a photoreceptor potential (Fig. 5). The graded 
amplitude of the receptor potential increases with the 
intensity of the stimulus to a maximum value of 12-25 
mV. The potential appears after a lag time with respect 
to the onset of stimulation and is, under the conditions 
studied, about 0.5-0.7 s (10°C) for Stentor and 2-5 s 
(12°C) for Blepharisma (Fabczak S. et al. 1993a, b). 
The receptor potential exceeding the electric threshold 
for membrane excitation, evokes a typical action 
potential of all-or-none type. The latency period in 
generation of the action potential in Stentor and 
Blepharisma cells decreases with the increasing 
stimulus intensity. When a short-lasting stimulus (light 
pulse) is applied to cells of either protozoan, the dura-

Fig. 5. Examples of transient membrane depolarizations in Blepharisma (A) and Stentor (B) cells to photic stimulation. (A) gf|ided recepto^ 
potentials alone (a-c) and surmounted by action potentials (d-f) in response to 556 nm light pulses of following intensity (in 10 photons m " 
s" ) of (a) 1.4, (b) 2.1, (c) 3.6, (d) 6.7, (e) 10.4, (f) 15.4 and (g) 45 s duration; (B^ receptor potpnjtials (a-d) and receptor potential superimposed 
upon action potential (e) in response to 610 nm light pulses of intensities (in 10 photons m~ s" ) of (a) 0.3, (b) 0.7, (c) 1.1, (d) 1.7, (e) 3.2 and 
(f) 4 s duration; (C) schematic illustration of receptor potential superimposed upon action potential (Em) elicited by light pulse (II): tAPL-
represents latency of action potential generation; tADD- duration of after-peak depolarization 
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tion of the receptor potential is short as well and 
generation of an action potential is followed by rapid 
repolarization to the level of the resting potential. The 
stimuli acting for a longer time elicit a prolonged 
receptor potential and the action potential in this case 
is followed by long-lasting depolarization of the 
membrane (after-peak depolarization). The delayed 
depolarization seems to represent, as it follows from a 
comparison of membrane responses including the 
receptor potential alone and the photic receptor poten-
tial superimposed upon action potential, a persisting 
photoreceptor potential (Fabczak S. et al. 1993a, b). 
The electrical responses of the membrane to stimula-
tion of cells with constant light are similar to those 
observed with long-lasting stimuli; however, the 
amplitude of the receptor potential or after-peak 
depolarization decreased with time (Fabczak S. et al. 
1993b). This finding is probably related to the cell 
adaptation to light, as it has also been observed for 
vertebrate and invertebrate photoreceptor cells (Rayer 
et al. 1990). 

Action spectrum of receptor potential 

The action spectra determined in Blepharisma and 
Stentor cells for the receptor potential at fluence rates 
of the same order as those effective around 600 nm, 
show a close similarity to that of the photophobic 
response. In Stentor spectra there is a sharp and highest 
peak at approximately 610 nm followed by distinct 
decrease at longer wavelengths. Another smaller peak 
is at 570 nm and a marked increase below 520 nm (Fig. 
2a). Like the action spectrum for the photophobic 
response in Blepharisma cells, the action spectrum for 
the receptor potential has three marked peaks, at 460, 
530 and 580 nm (Fig. 3a). 

Ionic specificity of photoelectrical responses 

In earlier experiments on a photophobic behavior in 
Blepharisma and Stentor cells it has been demonstrated 
that their responses can be significantly modified by 
changes in the level of some ions in the external 
solution, including K+ and Ca2+ ions (Colombetti el al. 
1982, Fabczak S. et al. 1994b). This indicates that 
motile responses to light stimuli in these cells, like in 
some other ciliates, may arise from changes in 
membrane potentials. To verify this supposition, 
electrophysiological experiments with the use of the 
ion substitution method were undertaken. 

The recent microelectrode recordings in Blepharis-
ma show that the membrane potential undergoes 
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Fig. 6. Resting (open circles), receptor (black circles) and action 
potentials (triangles) as a functions of external potassium concentra-
tions at a constant external Ca~+ concentration of 0.5 mM. The 
generation of action potential at 8 mM of K+ or higher concentrations 
is inhibited 

depolarization when the level of K+ ions, at a constant 
content of other ions in external solution, is increased 
to 2 mM or more (Fabczak S. et al. 1994b,c) (Fig. 6). 
A similar depolarization of the membrane occurs in 
Stentor cells when the extracellular K+ concentration 
becomes increased (Wood 1982). This depolarizing 
influence of K+ ions is especially evident at higher 
concentrations of these ions in medium. At external K+ 

concentration higher than 4 mM the membrane poten-
tial is shifted by about 54 mV when the level of K+ is 
changed by one order of magnitude, i.e. the potential 
changes closely approach the theoretical value 
predicted by the Nernst equation (about 55 mV/ 10-fold 
change at the temperature of 10-12° C used in these 
recordings). The dependence of the membrane poten-
tial on K+ concentration is not linear over the whole 
range of concentrations tested. At K+ concentration of 
0.5 mM or lower the membrane potential is almost 
independent of external K+ level. This testifies to a 
considerable membrane permeability of the resting 
Blepharisma and Stentor cells also to other ions present 
in the medium. These observations have been con-
firmed by marked membrane depolarization, both in 
Blepharisma and Stentor cells, produced by an increase 
in concentration of external Ca2+ (Fig. 7). Chloride 
ions present in the medium do not seem to exert any 
detectable effect on membrane potential as on sub-
stituting N0 3 - ion for CI", or on addition of choline 
chloride to solution, no changes of the potential were 
observed (Wood 1982; Fabczak S. et al. 1994b, c). 
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Fig. 7. Resting (open circles), receptor (black circles) and action 
(triangles) potentials as a function of concentration of external calcium 
ions at constant level of external K+ concentration (0.1 mM) 

The light stimuli of a higher intensity induce in both 
ciliates besides a receptor potential also an action 
potential the amplitude of which in standard ex-
perimental conditions is 50 to 55 mV (Fig. 6 and 7). 
The time duration of action potential in Blepharisma 
and Stentor differs substantially. Stentor ciliates repre-
sent "fast" organisms as the increasing phase of action 
potential is completed in about 0.3 s (Fabczak S. et al. 
1993a, 1994b), while in Blepharisma the depolarizing 
phase lasts longer, from 2 to 2.5 s (Fabczak S. et al. 
1993b). In Stentor the peak of action potential is in-
fluenced by changes in concentration of extracellular 
Ca2+ ions more than by those of K+ ions (Wood 1982). 
However, the estimated slope of this dependence is 
about 12 mV/ 10-fold change in Ca2+ concentration 
between 0.1 and 2.5 mM and steeper at higher con-
centrations. The dependence of the peak of action 
potential in the related Blepharisma is higher; a 10-fold 
change in extracellular Ca2+ concentration elicits the 
shift in membrane peak potential by about 28 mV 
(Fabczak S. et al. 1994b). Photostimulation of the cells 
when the medium contained K+ ions at 8 mM or higher 
concentration, did not elicit any action potential al-
though the receptor potential continued to be evoked. 
The action potential does not appear under those con-
ditions presumably due to high depolarization of the 
cell membrane which increases membrane per-
meability to K+ ions and inactivates the mechanism 
responsible for generation of the action potential 
(Wood 1982, Fabczak S. et al. 1994b). These observa-
tions probably explain the reported inhibitory effect of 

high K+ ion level on the photophobic response in 
Stentor (Colombetti et al. 1982). 

The data obtained from direct measurements of ion 
fluxes across cellular membranes in Stentor cells under 
conditions of voltage-clamp, show that the depolarizing 
phase of the action potential is generated mainly by Ca2+ 

ion influx into the cell, whereas the delayed efflux of 
K+ ions is responsible for the cell membrane repolariza-
tion (Wood 1982). The measurements of ion fluxes in 
the Blepharisma membrane during generation of the 
action potential gave results identical to those observed 
in Stentor (Fabczak S. 1993, unpublished results). 

Stimulation of Blepharisma or Stentor cells with light 
pulses of a moderate intensity results in generation of a 
depolarizing receptor potential alone. In cells of 
Blepharisma the receptor potential is dependent, like the 
action potential, on the level of Ca2+ ions in the medium, 
although its dependence is lower, since the peak of 
receptor potential at Ca~+ concentration higher then 2 
mM is altered only by 20-22 mV on changing Ca2+ 

concentration by one order of magnitude (Fabczak S. et 
al. 1994b,c). Changes in the level of other ions, e.g. K+ 

or CI" in the external solution have no significant effect 
on the receptor potential peak. A depolarization of the 
membrane potential of Blepharisma, due to current in-
jection, decreases the amplitude of the receptor potential 
produced by the light stimulus, whereas hyperpolariza-
tion increases the amplitude. These observations suggest 
that the receptor potentials in Blepharisma elicited by 
increase in light intensity are generated primarily by a 
transient increase in the membrane conductance for Ca2+ 

ions, similarly to the receptor potential in Paramecium 
which appears in response to mechanical stimulation of 
the anterior part of the cell (Eckert et al. 1972). The 
reversal of polarity of the receptor potential is not ob-
served on membrane depolarization, presumably be-
cause a micromolar level of free Ca~+ in cell cytoplasm 
prevents efflux of these ions from the cell, irrespective 
of increased membrane conductance for Ca~+ (Fabczak 
S. et al. 1994b). The involvement of the membrane 
permeability to Na+ or K+ ions in the receptor potential 
changes can be excluded, since the intracellular con-
centrations of these ions are greater than their level in 
external solution, and the electrochemical equilibrium 
potential for Na+ or K+ ion is negative and below the 
resting membrane potential under the experimental con-
ditions used (Hilden 1970, Fabczak S. 1990, Fabczak S. 
et al. 1994b). 

Among other ciliate protozoa, similar depolarizing 
responses of membrane to light stimulation have been 
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reported for chlorella-free Paramecium bursaria only 
(Nakaoka et al. 1987). The photoreceptor potential in 
these cells is exclusively caused, as in the case of 
Blepharisma ciliates, by a transient increase in the 
membrane conductance to Ca2+ ions. In a variety of 
vertebrate photoreceptor cells, the hyperpolarizing 
receptor potential results mainly from the inhibition of 
the influx of Na+ and Ca2+ ions by light (Detwiler and 
Gray Keller 1992, Lagnado and Baylor 1992). Light 
stimulation of the photoreceptors in invertebrate, 
similarly as in protozoan ciliate cell, depolarizes the 
plasma membrane (Rayer et al. 1990). 

It is difficult, on the basis of the existing data, to 
define the nature of the photoreceptor potential in Sten-
tor cells. Some reports show that photostimulation in 
these cells generates a current directed towards the 
interior of the cells, maximally of the order of 1 nA, 
whereas mechanical stimulation, for comparison, 
generated a current of as much as 40 nA. Such a low 
current intensity observed on photoreception cannot ex-
plain the rather high value of the photoreceptor potential 
observed. Thus it seems reasonable to suggest that the 
light-induced receptor potential can be generated via 
stimulation of an active ion-transport mechanism. This 
mechanism would consist in the exchange of one H+ ion 
released during chromophore activation for one Ca"+ 

ion derived from the environment. Such ion fluxes 
would generate a resultant ion current directed towards 
the interior of the cell, and lead thereby to depolarization 
of the cell membrane (Wood 1991). Further detailed 
studies which would provide more experimental data are 
needed to elucidate the process of photoreceptor poten-
tial generation in Stentor cells. 

SENSORY TRANSDUCTION AND ELECTRO-
MOTOR COUPLING 

Analysis of the time-course of the photophobic 
response in the Stentor and Blepharisma cells studied at 
the same experimental conditions at which electro-
physiological experiments were performed, permitted to 
demonstrate a close relationship between generation of 
the action potential and ciliary beat reversal. It appears 
that the delay in generation of the action potential, and 
the latency period of the cell stop movement are similar; 
both the latency of an action potential and cell stop 
response decreases in the same manner with the increase 
in stimulus intensity (Fabczak S. et al. 1993a, b). The 
coupling between action potential generation and cell 

movement is evident also when the internal recordings 
were made on a Blepharisma cell with one recording 
microelectrode (i.e. without the use of a second stimulat-
ing electrode or suction micropipette), and the cell had 
the possibility of performing partial rotations around the 
microelectrode. Simultaneous videorecording of the cell 
behavior under such conditions revealed that the onset 
of the cell movement (ciliary reversal) was initiated at 
the end of the depolarization phase of an action potential 
(Fabczak S. et al. 1994b). Thus in both ciliates, Stentor 
and Blepharisma, there exists the same relationship 
between the membrane potential changes and the cell 
motile response elicited by light stimulation as reported 
for other ciliates (Machemer and Dietmer 1985). 

CONCLUDING REMARKS 

The transduction of light signals in the ciliates 
Blepharisma and Stentor initiated by cell photoreceptor 
activation leads, like in the photoreceptor cells of inver-
tebrates, to a transient membrane depolarization, that is 
to generation of the receptor potential. The step-up 
photophobic response occurs only when resultant 
amplitude of the receptor potential triggers the action 
potential which in turn elicits the ciliary reversal. The 
cells exposed to light stimulation eliciting the receptor 
potential alone, i.e. without an action potential, display 
distinct acceleration of the forward movement, i.e. under 
these conditions the photokinetic effect is observed 
(Fabczak S. et al. 1993a). 

On the basis of the presented results and other litera-
ture data it can be assumed that the light signal transduc-
tion, in the ciliates studied, proceeds in the following 
way: 

(1) light absorption by photoreceptor molecules con-
tained in the cell pigment granules leads to a rapid 
photochemical process within the chromophore 
(photoexcitation); 

(2) the photoexcited chromophore triggers some 
time-consuming biochemical process with participation, 
at least in Stentor, of G-protein (the duration of which 
corresponds to the delay in generation of the receptor 
potential); 

(3) this leads to generation of the receptor potential 
as a result of: 

(a) in Blepharisma, transient increase of the cell 
membrane permeability to Ca2+ ions, 

(b) in Stentor, transient activation of the ion exchange 
mechanism (e.g. of H+ for Ca2+); 
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(4) the receptor potential, when its amplitude is suf-
ficiently large, elicits the typical calcium response (an 
action potential); 

(5) the increase of Ca2+ concentration within the 
cytoplasmic or intraciliary spaces is accompanied by 
ciliary reversal; 

(6) this is followed by a subsequent stop of the cell 
backing and renewal of ciliary beating (the cell swims 
forward again in a new direction). 

The above-presented scheme of the phototransduc-
tion process in the protozoa studied, although it is much 
simplified due to scarcity of relevant experimental data, 
seems nevertheless to form a useful basis for further 
detailed investigations. 
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Summary. The effects of enhanced artificial UV-B radiation and simulated solar radiation on cell shape, motility, pigmentation, 
photosynthetic oxygen production, protein pattern and content of the D1 protein have been investigated in the flagellate Euglena gracilis. 
The experiments showed that a spherical cell shape, vacuolization and the impairment of motility occurred much earlier when the cells 
were irradiated with enhanced UV-B radiation, while photobleaching of photosynthetic pigments occurred earlier when the cells had been 
exposed to simulated solar radiation. The inhibition of photosynthetic oxygen production was reversible under simulated solar radiation 
and irreversible (after 60 h of recovery) after exposure to enhanced UV-B radiation. There was an initial increase in chlorophyll a 
fluorescence emission after irradiation with enhanced UV-B radiation which did not occur after irradiation with simulated solar radiation. 
The protein pattern did not change significantly after irradiation but the content of D1 protein decreased after short exposure times to 
both radiation sources. 

Key words. Absorption spectroscopy, artificial UV-B radiation, D1 protein, Euglena gracilis, fluorescence spectroscopy, gel 
electrophoresis, photosynthetic oxygen production, protein composition, phytoplankton, simulated solar radiation. 

INTRODUCTION 

Ozone depletion has been reported since the late 
sixties; an ozone hole over Antarctica was discovered in 
the eighties (Farman et al. 1985), and in the last years 
decreased levels of stratospheric ozone have occurred 
over the Northern hemisphere as well (Gleason et al. 
1993, Kerr 1993, Stone 1993). Even with strict interna-
tional controls on the use of CFCs, ozone depletion is 
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predicted to continue well into the next century (NASA 
Reference Publication 1990). In this context investiga-
tions on effects of enhanced UV-B radiation (due to 
ozone depletion) on individual organisms, populations 
and whole ecosystems appear to be of great importance. 

Marine and freshwater phytoplankton produce about 
half of the Earth's biomass (Houghton and Woodwell 
1989) and form the basis of aquatic food webs. Euglena 
gracilis is a green colored, unicellular flagellate found 
in eutrophic freshwater habitats. Photosynthetic 
phytoplankton organisms are faced with the dilemma 
that on the one hand they need to be close to the water 
surface in order to receive enough solar radiation for 
photosynthesis (Ignatiades 1990), but on the other hand 
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most species cannot tolerate the high visible and 
ultraviolet radiation found at the water surface (Hader 
et al. 1991, Raven 1991). Therefore many motile 
phytoplankton organisms accumulate at specific depths 
in the water column where they find favorable condi-
tions for their growth and survival. 

The basis for this vertical distribution is active move-
ment powered by flagella or cilia in swimming or-
ganisms and changes in buoyancy in others. The 
organisms are guided by external stimuli, the most im-
portant of which are light and gravity (Hader 1988). At 
its vertical position within the water column phyto-
plankton is exposed to considerable levels of solar UV-B 
radiation which has been shown to affect the percentage 
of motile organisms, the swimming velocity as well as 
photo- and gravitaxis (e.g. Hader and Hader 1990, Hader 
and Liu 1990). Furthermore, important enzymatic reac-
tions are impaired including nitrogen incorporation 
(Dohler and Alt 1989), and also photosynthetic capacity 
has been found to be reduced by UV-B radiation (e.g. 
Calkins and Thordardottir 1980). 

Field studies can be used to study the effects of 
naturally enhanced UV radiation (at higher altitudes or 
lower latitudes) as compared with ambient levels of UV 
radiation (Gerber and Hader 1993, Hader and Liu 1990). 
In contrast, laboratory studies with artificial radiation 
sources allow to investigate mechanisms of inhibition 
under quantitative conditions. The aim of the present 
study is to investigate the effects of artificial UV-B and 
simulated solar radiation on Euglena gracilis, in order 
to determine which effects are caused by UV-B alone 
and which by UV-B in combination with UV-A and 
visible radiation. 

Abbreviations 

BSA Bovine serum albumin 
BCIP 5-Br-4-Cl-3-indolylphosphate 
CAPS 3-[Cyclohexylamino]-1-propanesulfone acid 
NBT Nitrobluetetrazolium 
PS II Photosystem II 
SDS Sodium dodecyl sulfate 
TBS Tris-buffered saline 

MATERIALS AND METHODS 

Organisms and culture conditions 

The flagellate Euglena gracilis Klebs, strain Z, was cultivated in 
an organic medium (Starr 1964). For the experiments the cells were 
harvested by centrifugation (100 x g, 5 min, 20°C) and transferred to 

a mineral medium (Checcucci et al. 1976). The cells were grown in 
static cultures at 20°C in continuous white light (12 W m~2) from mixed 
daylight and warm tone fluorescent lamps (Osram L36 W/l 9 daylight 
5000 de luxe and Osram L36 W/3L warm white de luxe). The 
illuminance was measured with an RM-10 integrating filter meter 
(Grobel, Karlsruhe, FRG). 

Exposure to radiation 

The organisms were exposed either to artificial UV-B radiation 
produced from a transilluminator (Bachhofer, Reutlingen, FRG) or to 
simulated solar radiation from a solar lamp (Dr. Honle GmbH, 
Martinsried, FRG). The spectral irradiance was measured with a 
spectroradiometer (Optronic model 752, Optronic Laboratories Inc., 
Orlando, FL, USA). The emission spectra of both radiation sources in 
comparison to solar radiation are shown in Fig. 1 and integrated 
irradiance data are listed in Table 1. In addition to the pronounced 
peak at 540 nm, simulated solar radiation deviates from natural solar 
radiation by having a higher UV-A component. 

When the cells were exposed to simulated solar radiation the 
temperature was kept at 20°C in a thermostated room; there was no 
need to control the temperature when the cells were exposed to 
artificial UV-B radiation as the transilluminator does not emit in the 
infrared and hardly at visible wavelengths. 

In the experiments on cell motility the cells were exposed in glass 
Petri dishes (5 cm diameter) which could be covered with cut-off filters 
(WG and GG series, Schott & Gen., Mainz, FRG). The cell concen-
tration was 0.6 x 106 cells/ml and the volume was 10 ml. In order to 
compensate for energy losses due to the filter characteristics the 
samples were exposed at variable distances (45 to 60 cm) from the 
solar lamp, which had an irradiance of about 425 W m~2 (280-700 nm). 
In all other experiments, the distance to the lamps (60 cm for the solar 
lamp, 22 cm for the transilluminator), the optical density (0.9 O.D. at 
674 nm) and the volume of the cell suspensions (200 ml) were kept 
constant, in order to be able to compare the kinetics of the different 
parameters, which strongly depend on irradiance, optical density and 
volume of the cell suspensions. The cells were exposed in large Petri 
dishes (20 cm diameter) and samples were taken at regular intervals 
for determination of spectra, microscopical investigations and bioche-
mistry. For photosynthesis measurements, the cells were exposed for 
a predetermined time interval, then photosynthetic oxygen production 
was measured which took about 30 min, and then the samples were 
exposed again. 

Determination of cell number, motility and shape 

The cell number as well as the percentage of moving cells were 
determined microscopically with a hematocytometer (Brand, Wert-
heim, FRG) at a magnification of 160 x. Cell shape and vacuolization 
were determined visually at a magnification of 400 x. 

Absorption and fluorescence spectroscopy 

In vivo absorption spectra were measured with a DU 70 spectro-
photometer (Beckman, Palo Alto, CA, USA) supplied with a miniature 
Ulbricht sphere, which allows to measure absorption spectra of cell 
suspensions. Fluorescence emission spectra were measured with a 
Shimadzu RF 5000 spectrofluorometer (Shimadzu, Kyoto, Japan). 
The excitation wavelength was 434 nm (the in vivo Soret absorption 
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maximum of chlorophyll a). For the spectroscopical measurements 
the cells were transferred into optical glass cuvettes with an optical 
path length of 10 mm (Hellma, Miihlheim, FRG). 

Photosynthetic oxygen production 

Photosynthetic oxygen production was determined in a custom 
made Plexiglas cylinder with 20 mm inner diameter inside a water 
jacket which was connected to a thermostat (RMT6, Dr. Wobser 
GmbH. Lauda-Konigshofen, FRG). Temperature was kept constant at 
20°C. Aliquots of 7 ml cell suspension were filled into the Plexiglas 
cylinder and agitated with a magnetic stirrer during oxygen determi-
nation. A Clark electrode (EOT 196, WTW Weilheim, FRG) was 
inserted, taking care not to introduce air bubbles into the cell suspen-
sion and connected to a microprocessor (OXI 96, WTW, Weilheim, 
FRG) attached to an XY plotter. The sample was irradiated with white 
light produced from a 250-W slide projector with a 24-V quartz 
halogen bulb (Kindermann Universal, Wetzlar, FRG). Irradiance was 
controlled by inserting neutral density filters (Schott & Gen., Mainz, 
FRG) into the slide projector and measured inside the Plexiglas 
cylinder with a pindiode connected to a microvoltmeter (Keithley, type 
155). The pindiode was calibrated against the filter radiometer. 

For photosynthesis measurements the cells were kept in the dark 
for 10 min, then photosynthetic oxygen production was measured at 
4 different irradiances for 5 min each. For evaluation only the illumi-
nance (18 klx) was used which was most effective as determined by 
previously measured fluence rate-response curves. When photosynt-
hetic oxygen production had ceased after about 20 min of irradiation, 
the cells were kept under culture conditions and photosynthesis was 
measured again to study recovery. 

Gel electrophoresis 

For gel electrophoresis samples of 2 ml were taken, the cell number 
was determined, the cells were pelleted (5 min, 48 x g, 20°C), 
resuspended in 0.5 ml of the supernatant and mixed with 0.5 ml 
Laemmli buffer (containing 6 % SDS, 10 % 2-mercaptoethanol, 20 % 
glycerol in a 150 mM Tris buffer at a pH of 6.8). These samples were 
applied to the gel, the concentration was adjusted to an equivalent of 
3.1 x 105 cells/slot in all samples. 

SDS polyacrylamid gel electrophoresis was carried out in a 
vertical system (2001, LKB Pharmacia, Uppsala, Sweden) according 
to Laemmli (1970) with a resolving gel of 5-15 % acrylamide. The 
gels were Laeither silver stained (Merril et al. 1981, Gorg et al. 1988) 
or used for Western blotting. The gel size was 140 x 1 1 0 x 2 mm. 

Western blotting and immunostaining 

The gels were blotted for 3 h at 200 mA and 4°C on nitrocellulose 
using a semidry blotting technique (anode buffer: 50 mM CAPS, pH 
10.0; cathode buffer: 50 mM CAPS, 0.1 % SDS, pH 5.5). 

After saturation with 5 % BSA (peroxidase free) in TBS over night, 
the primary antibody was allowed to react in TBS/BSA for 1 h at room 
temperature. Then the blot was washed with TBS and TBS/Triton and 
the secondary antibody (alkaline phosphatase-conjugated) in 
TBS/BSA was allowed to react for 1 h. After washing with TBS and 
TBS/Triton the color was developed using NBT and BCIP. 

The primary antibody against the D1 protein was kindly supplied 
by Dr. U. Johanningmeier (Johanningmeier 1987). 

RESULTS 

Motility, cell shape and vacuolization 

After 10-15 min of exposure to enhanced artificial 
UV-B radiation from the transilluminator the percentage 
of motile cells decreased significantly; after 30-40 min 
of exposure all cells were immotile. The cells began to 
assume a round shape after 15 min of exposure; after 20 
min most of the organisms were spherical and had lost 
motility. Vacuolization occurred after 25 min, after 50 
min most of the cells had large additional vacuoles 
(Table 2). 

When the algae had been exposed to simulated solar 
radiation they remained motile for a much longer time 
of irradiation: up to about 60 min there was no sig-
nificant decrease in the percentage of motile cells; then, 
however, motility decreased rather rapidly, and all cells 
were immotile after 80 min. The cells became spherical 
after about 60 min of exposure, after 120 min of ex-
posure time nearly all cells had a round shape. 
Vacuolization occurred later compared to the samples 
irradiated with simulated solar radiation: small vacuoles 
occurred after 60 min in immotile cells; after 120 min 
all cells had large additional vacuoles (Table 2). 

Figure 2 shows the kinetics of the inhibition of 
motility in dependence of exposure time. In these ex-
periments the samples had been covered with different 
cut-off filters, in order to determine the significance of 
different wavelength bands (at a constant total ir-
radiance) for the inhibition of motility. 

In the samples which were covered with a WG225 
(and served as a control) motility decreased fastest; after 
50 min there was no more motility. A WG320 filter, 
which removes about 2/3 of the UV-B radiation 

Table 1 
2 

Integrated irradiance [in W m ] in the UV-B, UV-A and visible 
regions of the spectrum of the two radiation sources and the solar 
lamp with the cut-off filters 

Radiation source 280 - 315 nm 315 - 400 nm 400 - 700 nm 

Transilluminator 8.52 8.89 0 
Honle lamp 1.48 95.76 372.71 
Solar spectrum 1.02 50.66 485.36 

Filter 
(Hônle iamp) 280 - 315 nm 315 - 400 nm 400 - 700 nm 

WG 225 1.33 88.12 346.75 
WG 320 0.46 87.41 344.57 
WG 345 0.38 67.54 320.65 
GG400 0 1.61 455.85 
GG420 0 0 409.83 
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(Table 1), delays the impairment of motility: complete 
immotility of the cells occurred only after 90 min of 
irradiation. Under a WG345 filter, which cuts off most 
of the UV-B and about 20 % of the UV-A radiation the 
occurrence of complete immotility (120 min) was fur-
ther delayed. When the samples were covered with a 
GG400 filter (which cuts off all of the UV-B and most 
of the UV-A) the percentage of motile cells decreased 
during the first 50 min of irradiation and then increased 
again. The samples covered with a GG420 filter (which 
removes the whole UV-band) showed about the same 
percentage of motile cells before and after 120 min of 
irradiation. 

Absorption spectroscopy 

A slight decrease in chlorophyll a absorption occurred 
after 60 min of exposure to enhanced artificial UV-B 
radiation (Fig. 3), after 360 min there was still about 80 
% (0.7 O.D.) of the initial absorption and after 600 min 
about 60 % (0.5 O.D.). The suspension was still green, 
although the color had changed from light green to olive. 
When the cells were irradiated with simulated solar radia-
tion photobleaching occurred much earlier: after 120 min 
the absorption had decreased to 50 % (0.4 O.D.) of the 
initial value. After 300 min there was no more absorption 
of chlorophyll a, and the cell suspension was white. 

Fluorescence spectroscopy 

In the suspensions which had been exposed to enhanced 
artificial UV-B radiation (Fig. 4A) there was an increase 
of chlorophyll a fluorescence at 690 nm after the first 30 
min of exposure, then fluorescence decreased. After 90 
min of exposure the relative fluorescence was lower than 
the initial value. After 240 min of exposure a shoulder at 
a shorter wavelength occurred which became a peak at 
673 nm after 360 min of exposure. 

In contrast, there was no fluorescence increase in the 
samples which had been exposed to simulated solar 
radiation (Fig. 4B); even after 5 min of exposure fluores-
cence was lower than in the control. Up to 120 min of 
exposure the chlorophyll a fluorescence maximum was 
at 690 nm, then it shifted to 673 nm and decreased 
further. After 360 min of exposure, when there was 
nearly no chlorophyll a (or any other) absorption, new 
peaks at 690 and 712 nm occurred. 

Summarizing one can say that in the samples irradiated 
with UV-B alone as well as in the samples irradiated with 
simulated solar radiation chlorophyll a fluorescence 
changed before absorption changed. After irradiation the 
initial chlorophyll a fluorescence decreased and the 

Wave leng th [nm] 

Fig. 1. Emission spectra of the sun (measured in Erlangen at local 
noon on 28 May 1993), a solar simulator lamp (Hönle) and a trans-
illuminator as measured with an Optronic spectroradiometer 

Exposure t ime [min] 

Fig. 2. Effects of filtered (WG225: squares, WG320: triangles, 
WG345 : diamonds, GG400: stars, GG420: hexagons) simulated solar 
radiation on the motility (percentage of motile cells) of Euglena 
gracilis in dépendance of the exposure time 

fluorescence maximum shifted from 690 nm to 673 nm. 
After extensive times of irradiation an additional peak at 
712 nm occurred, which lates vanished in the samples 
irradiated with simulated solar radiation. An initial in-
crease of chlorophyll a fluorescence occurred only in the 
samples irradiated with artificial UV-B radiation alone. 

Photosynthetic oxygen production 

After 20 min of irradiation both with enhanced UV-B 
and with simulated solar radiation, photosynthetic 
oxygen production had ceased (Fig. 5). Oxygen produc-
tion was slightly lower in the samples irradiated with 
enhanced UV-B radiation. Recovery, however, differed 
very much: there was no recovery even after 60 h in the 
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Fig. 5. Photosynthetic oxygen production of E. gracilis after different 
times of exposure to simulated solar radiation (squares) and enhanced 
UV-B radiation (triangles) and after recovery in dim light 
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Fig. 3. Absorption of chlorophyll a at 673 nm after various times of 
exposure to enhanced UV-B radiation (circles) and simulated solar 
radiation (diamonds) 
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Fig. 4. Fluorescence emission spectra of chlorophyll a (excitation at 
434 nm) after different times of exposure to enhanced UV-B radiation 
(A) and simulated solar radiation (B) 

samples which had previously been irradiated with en-
hanced UV-B radiation, in contrast to the samples which 
had been irradiated with simulated solar radiation which 
recovered partially after 1 h and almost completely after 
2 h under culture conditions. 

Biochemistry 

The protein pattern of the samples which had been 
irradiated with enhanced UV-B radiation did not change 
much during exposure (Fig. 6). In the samples which 
had been irradiated with simulated solar radiation the 
protein pattern did not change, but unspecific protein 
destruction occurred after 4 h of exposure. 

The Western blots (Fig. 7) which had been immuno 
stained with a polyclonal antibody against the D1 protein 
however showed a reduction of the binding of the D1 
protein after 30 min of irradiation with either artificial 
UV-B radiation or simulated solar radiation. After 4 h 
of irradiation there was little D1 protein left, a faint band 
was still visible. 

DISCUSSION 

In the present study it is shown that the cell shape of 
Euglena gracilis alters from spindle shaped to spherical 
after the cells had been irradiated either with enhanced 
artificial UV-B radiation or with simulated solar radiation. 
Simultaneously, vacuoles occur in the cells which possibly 
indicate changes in the permeability of the cytoplasmic 
membrane which lead to an influx of water into the cells. 

60 min 

0 min 

30 min 

90 min 

120 min 
180 min 

2 4 0 min 
3 6 0 min 

4 8 0 min 

6 0 0 min 
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Table 2 

Percentage of motile cells, cell shape and vacuolization in depen-
dence of the exposure time to simulated solar radiation (Hônle) and 
enhanced UV-B radiation (transilluminator) 

E.t. Motile cells 
(min) [%] 

Cell shape Vacuoles 

TI Hönle T1 Hönle TI Hönle 

0 64.8 55 ± 2 0 spindle spindle 
shaped shaped 

5 70.0 48 ± 10 spindle spindle 
shaped shaped 

10 41.1 53 + 23 spindle spindle 
shaped shaped 

15 20.5 52 ± 7 spindle shaped spindle 
some rounded shaped 

20 9.2 54 ± 11 round spindle 
some spindle shaped 

shaped 

25 3.6 57 

30 1.9 54 ± 4 

round 

round 

40 0 34 ± 1 6 round 

50 0 62 ± 10 round 

spindle 
shaped 

spindle 
shaped 

spindle 
shaped 

2) 
spindle + ' 
shaped 

60 0 40 ± 5 

70 0 11 ± 6 

80 0 1 ± 1 

90 0 0 

120 0 0 

>120 0 

round spindle shaped + 
some rounded 

round few spindle + 
shaped 

many round 

round few spindle + 
shaped 

many round 

round few spindle + 
shaped 

most round 

round most round + 

round round 

E.t.- Exposure time 
11 - very small vacuoles 
2) - in most cells 
3) - small vacuoles in immotile cells 
4) - in immotile cells 

Murphy (1983) has shown that non-photosynthetic 
membranes are targets of UV-radiation and that changes 
in the transport across membranes occur quickly after 
exposure to a relative low fluence of UV-radiation. Cell 
shape changes and vacuolization occur much earlier under 
enhanced UV-B radiation than under simulated solar 
radiation, indicating that these are mainly UV-B effects. 

Enhanced UV-B radiation from the transilluminator 
impairs motility much faster than simulated solar radia-
tion, and reducing UV radiation by cut-off filters delays 
the inhibition significantly. These results indicate that 
the impairment of motility is mainly a UV-B and not a 
white light effect. Similar results are reported for Cryp-
tomonas maculata (Hader and Hader 1991), marine 
dinoflagellates (Ekelund 1991, Schafer et al. 1993) and 
marine diatoms (Ekelund 1990). Ekelund (1991) discus-
ses cytoskeletal proteins as possible targets responsible 
for the inhibition of motility since the maximum of the 
response occurred at 280 nm which corresponds with 
the absorption of most proteins. 

Euglena gracilis orientates in its habitat using positive 
and negative phototaxis as well as negative gravitaxis and 
accumulates at bands of moderate light intensities of about 
30 W m which change their position in the water column 
according to changing daylight (Hader and Griebenow 
1988). An increase of UV-B radiation would impair 
motility in Euglena, thus affecting the cells' orientation 
mechanisms which help them to escape from unsuitable 
light conditions. As Euglena does not produce sunscreen-
ing pigments (data not shown) like dinoflagellates (e.g. 
Carreto et al. 1990) or cyanobacteria (Garcia-Pichel and 
Castenholz 1991) their orientation mechanisms and 
motility are a very important strategy for the organisms to 
escape from deleterious (UV) radiation. 

Chlorophyll a absorption at 673 nm decreases much 
faster when the cells are irradiated with simulated solar 
radiation compared to enhanced UV-B radiation, in-
dicating that UV-B is not the only component of solar 
radiation, which causes photobleaching. In field experi-
ments with cut-off filters (Gerber and Hader 1993), 
however, photobleaching was delayed by cutting-off 
UV-B radiation, so UV-B seems to be at least one 
component involved in photobleaching. 

There is an increase in chlorophyll a fluorescence after 
30 min of exposure to enhanced UV-B radiation, which 
might be due to an accumulation of excitation energy in 
the antenna pigments caused by a decrease of PS II activity 
(e.g. Lawlor 1987). This increase of chlorophyll a fluores-
cence emission was not observed in the samples exposed 
to simulated solar radiation or in samples (of Euglena and 
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other phytoplankton organisms, data not published) ex-
posed to natural solar radiation. 

The decrease of fluorescence emission which takes 
place in both samples has to be correlated to quenching 
processes, as accumulated energy cannot be used for 
photochemistry (since photosynthetic oxygen produc-
tion has ceased after only 25 min of irradiation) and it 
is not released by fluorescence (which decreases). A 
possible mechanism for relaxation is the xanthophyll 
cycle in which excess energy from chlorophyll a is 
transferred to carotenoids which relax radiationless by 
internal conversion (e.g. Tevini and Hader 1985). 
Barenyi and Krause (1985) reports a decrease of low-
temperature fluorescence emission of PS II at 685 nm 
in photoinhibited broken spinach chloroplasts which she 
correlates to a decrease of variable fluorescence. 

After longer irradiation times a fluorescence maximum 
at a shorter wavelength occurs in both samples (in the 
samples irradiated with simulated solar radiation the peak 
occurs earlier and is more pronounced). This shift seems 
to be due to a decrease of fluorescence of chlorophyll 
molecules which emit at longer wavelengths and an in-
crease of fluorescence of species which emit at shorter 
wavelengths (e.g. the antenna pigments or pigments from 
the core complex). 

Finally, peaks at wavelengths longer than 700 nm 
occurred in both samples, which are more pronounced 
in the samples irradiated with simulated solar radiation. 
The nature of the long wavelength species is unknown 
and currently under discussion. 

Photosynthetic oxygen production was completely in-
hibited after 25 min of exposure to either radiation source. 
In the samples which had been irradiated with simulated 
solar radiation, an increase in photosynthetic oxygen 
production occurred after the cells had been kept in dim 
light for 1 h. This rather short recovery time indicates that 
the measured photoinhibition is caused by a degradation 
of the D1/D2 proteins to which the oxygen evolving 
system and the electron carriers of PS II are bound. The 
damage of the D1 protein which seems to be the major 
target is repaired by the "photoinhibition repair cycle" 
within hours (Andersson et al. 1992). In the samples 
irradiated with enhanced UV-B radiation, there was no 
recovery even after 60 h. Thus, simulated solar radiation 
leads to (reversible) photoinhibition which is assumed to 
be a protection mechanism (Trebst 1991, Krause and Weis 
1991), while enhanced UV-B radiation leads to (irre-
versible) photodestruction. 

The protein pattern of the crude extracts did not change 
significantly after irradiation of the cells, which is in 

Fig. 6. Protein bands after SDS gel electrophoresis and silver staining 
of crude extracts of Euglena gracilis cells. From left to right: 4 h, 2 
h, 1 h, 0.5 h of exposure to enhanced UV-B radiation, control, 0.5 h, 
1 h, 2 h, 4 h of exposure to simulated solar radiation, marker 

4- » 

wBr. «-D1 

" f - « J - : . , : 

4 h 2 h l h 0.5 h Oh 0.5 h 1 h 2 h 4 b Marker 

Transi l luminator Solar simulation 

Fig. 7. Immunoblot with an antibody against the D1 protein after gel 
electrophoresis of the crude extract. From left to right: 4 h, 2 h, 1 h, 
0.5 h of exposure to enhanced UV-B radiation, control, 0.5 h , 1 h, 2 
h, 4 h of exposure to simulated solar radiation 

accordance with the results obtained in spinach thylakoids 
(Renger et al. 1988, Trebst and Depka 1990), who found 
the polypeptide pattern hardly affected by UV-B radiation. 
The binding of the antibody against the D1 protein in both 
samples, however, decreased essentially after 30 min 
(when there was no longer photosynthetic oxygen produc-
tion), indicating that photoinhibition (and photodestruc-
tion) lead to a decline of the D1 protein (for a recent review 
see Barber and Anderson 1992) in Euglena as well. 
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The loss of proteins in the sample which occurred after 
4 h (simulated solar radiation) or 8-10 h (enhanced UV-B 
radiation, data not shown) in E. gracilis is consistent with 
the results reported by Döhler (1984) who measured a 
decrease in protein content with increasing UV dose and 
a simultaneous increase of free amino acids in the cells. 

Summarizing it can be said that UV-B radiation (alone 
or in combination with UV-A and visible radiation) affects 
cell shape, vacuolization, motility, chlorophyll absorption 
and fluorescence, as well as photosynthetic oxygen 
production and the content of the D1 protein in Euglena 
gracilis. Some effects (inhibition of motility and destruc-
tion of the photosynthetic oxygen production) are 
predominantly or exclusively due to UV-B radiation, while 
other effects (photobleaching) are not or only partially due 
to UV-B radiation. 
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Fine Structure and Systematic Position of Enchelyomorpha vermicularis 
(Smith, 1899) Kahl, 1930, an Anaerobic Ciliate (Protozoa, Ciliophora) 
from Domestic Sewage 

Wilhelm FOISSNER and Ilse FOISSNER 

Universität Salzburg, Institute für Zoologie und Pf lanzenphysiologie , Salzburg, Austria 

Summary. Enchelyomorpha vermicularis is a pouch-like ciliate having not only a holotrichous ciliature but also many short, tentacle-like 
processes on the cell surface. Its systematic position thus varied, depending on the characters used, between the suctorians and the haptorid 
gymnostomes, and a recent investigation using refined light microscopic methods could also not clarify the situation. We thus examined 
some stages of the life cycle of E. vermicularis and studied its fine structure with the transmission electron microscope. The results definitely 
show that E. vermicularis is the swarmer of a small, globular suctorian with tentacles irregularly distributed on the anterior body half. The 
tentacles, which are not associated with barren basal bodies, contain the barrel-shaped haptocysts and the two concentric microtubule cores 
typical of "good" suctorians. Furthermore, the cortex possesses small pits and the fine structure of the somatic kinetids is also very similar 
to that known from other suctorian swarmers, although the kinetodesmal fibre is anchored to the epiplasm and subkinetal microtubules are 
probably absent. The kinetids are rotated 90 0 counter-clockwise with respect to the longitudinal body axis causing the ciliary rows to extend 
transversely. Usually, two swarmers are produced simultaneously by endogenous budding. Enchelyomorpha vermicularis lacks a scopuloid 
and mitochondria but possesses cytoplasmic inclusions resembling hydrogenosomes, indicating that it is a true anaerobic ciliate, which is 
in accordance with most faunistic data. The mode of swarmer production, the organization of the swarmer, and the fine structure of the 
tentacles show that Enchelyomorpha is an entotropid suctorian, belonging to the suborders Acinetina or Discophryina. Acinetid affinities 
are indicated by the fine structure of the tentacles and the general organization of the swarmer, whereas swarmer production resembles 
Cyathodinium in the suborder Discophryina. Obviously, Enchelyomorpha has a highly distinct combination of characters which suggests at 
least separation at family level, i.e. maintenance of the family Enchelyomorphidae Augustin and Foissner, 1992. 

Key words. Anaerobic protists, Ciliophora, Enchelyomorpha vermicularis, sewage, Suctorida, ultrastructure. 

INTRODUCTION 

Enchelyomorpha vermicularis is a peculiar ciliate 
which has not only cilia but also many tentacle-like 
processes described by Smith (1899) as "fairly stout 

Address for correspondence: W. Foissner, Universität Salzburg, 
Institut für Zoologie, Hellbrunnerstrasse 34, A - 5020 Salzburg, 
Austria; Tel. (0662) 8044-5615; FAX (0662) 8044-5698 

hispid setae". Smith (1899) assigned the organism to the 
genus Enchelys without, however, discussing his clas-
sification. In 1926 Kahl described the same organism as 
a "swarmer of an unknown suctorian". Later, Kahl 
(1930, 1931) recognized identity with Enchelys ver-
micularis Smith and put the species in a new genus, 
Enchelyomorpha, which he provisionally assigned to the 
family Actinobolinidae, together with Actinobolina and 
Dactylochlamys, which also possess tentacle-like struc-
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tures on the cell surface. A few years later, Liebmann 
(1936) observed E. vermicularis feeding on bacteria by 
its anterior end, seemingly confirming the "simple apical 
oral aperture" mentioned by Smith (1899). More recent-
ly, Corliss (1979) definitely assigned Enchelyomorpha 
to the Actinobolinidae, a family of tentacle-bearing hap-
torids originally established by Kent (1881) and later 
nomenclaturally corrected by Kahl (1930). A light 
microscopic reinvestigation of E. vermicularis by 
Augustin and Foissner (1992) revealed sufficient details 
to establish a new family, Enchelyomorphidae, but could 
also not clarify its systematic position. We thus studied 
the fine structure of E. vermicularis with the transmis-
sion electron microscope and re-examined the protargol 
slides of Augustin and Foissner (1992) for developmen-
tal stages. The results definitely show that E. ver-
micularis is the swarmer of a globular suctorian with 
tentacles irregularly distributed on the anterior body 
half. 

MATERIALS AND METHODS 

The material used is the same as described in Augustin and 
Foissner (1992), viz. sewage from a trickling filter near Salzburg, 
where E. vermicularis was fairly abundant. Some sewage containing 
E. vermicularis was fixed in toto for the light and electron microsco-
pical preparations. Most light microscopical data mentioned in this 
study are from Augustin and Foissner (1992), who used various light 
microscopical and silver impregnation techniques to reveal the infra-
ciliature and other details. The protargol slides prepared at that time 
were re-examined for adult and budding stages. These were indeed 
found, but were difficult to recognize among the sludge masses which 
might explain why Augustin did not find them. 

Transmission electron microscopy was performed as described in 
Foissner et al. (1988). 

RESULTS 

We shall show in our study that Enchelyomorpha 
vermicularis is the swarmer of a globular suctorian. 
This causes some problems with the orientation of the 
cell, which must thus be defined before the results are 
described and discussed. Generally, the orientation of 
suctorian swarmers is a complicated and controversial 
matter (Batisse 1994, Kormos and Kormos 1957), 
which has been almost completely ignored in the 
electron microscopic literature. It is, however, essential 
to understand the orientation of the kinetids and ciliary 

rows as well as the ontogeny and phylogeny of ciliates 
in general (Bardele 1989, Kormos and Kormos 1957). 

Enchelyomorpha vermicularis has a distinct lon-
gitudinal body axis and swims with the narrowed end 
ahead (Figs. 1, 6). Thus, this end has been considered 
as anterior and the opposite one, which contains the 
contractile vacuole, as posterior (Augustin and Foissner 
1992). However, the electron microscopic investigations 
indicate just the opposite, because the postciliary 
microtubules extend to the narrowed end. Thus, this 
region is very likely the morphologic posterior, as 
postciliary microtubules ususally extend rearward (Lynn 
1981 ). Furthermore, the kinetid pattern suggests that the 
ciliary rows extend transversely, i.e. at right angles to 
the longitudinal body axis. 

We thus use the following orientation in the descrip-
tion and figures: the broadened end of the cell is anterior, 
the narrowed is posterior; the right side of the kinetid is 
defined, as usual, by the kinetodesmal fibre, the posterior 
by the distal portion of the postciliary microtubules. 

Light microscopic description of E. vermicularis 

A detailed light microscopic characterization of E. 
vermicularis and a review of the older literature have 
been published by Augustin and Foissner (1992). Thus, 
only a brief description and some figures will be given 
here for orientation purposes. 

Size in vivo 25-45 x 10-17 |J.m, pouch-like and slight-
ly asymmetric, gradually narrowed from broadly 
rounded anterior end to short-truncate posterior end 
(Figs. 1-3, 6). Macronucleus about 7 |im in diameter, in 
anterior half of cell (Fig. 3). Contractile vacuole in 
anterior end, with single excretory pore (Figs. 2, 3). 
Cortex distinctly furrowed transversely by somatic 
kineties (Figs. 1, 2). On posterior half about 15-20 
acontractile processes (tentacles) 2-3 \xm long with distal 
end inconspicuously knobbed (Figs. 1-4, 6, 7). Moves 
slowly and clumsily with narrowed posterior end ahead. 
About 13 transverse ciliary girdles, forming about 17 
longitudinal ciliary rows, commence at posterior end of 
body and extend anteriorly leaving pole region free of 
cilia (Figs. 5, 7). Silverline system finely and irregularly 
meshed (Fig. 5). 

Adult cells, not described by Augustin and Foissner 
(1992), were recognized in protargol stains only. They 
are globular with a diameter of 15-20 )J.m and have 
short tentacles in the body half opposed to the contrac-
tile vacuole (Fig. 29). No stalk is recognizable in the 
stained cells and may in fact be absent as no scopuloid 
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Figs. 1 - 7. Enchelyomorpha vermicularis from life (1-4, 6) and after 
dry silver nitrate (5) and protargol (7) impregnation. Figures 3-7 are 
from Augustin and Foissner ( 1992). 1 , 2 , 3 , 4 - bright field (1,2) and 
interference contrast (3, 4) light micrographs of typical specimens 
with many small tentacles (arrows) and distinctly furrowed body; 5,7 
- the ciliary rows form a longitudinal and circular pattern, and a very 
fine-meshed silverline system extends throughout the cortex; 6 -
slightly schematic drawing showing general organization of cell. 
C - cilia, CV - contractile vacuole, Ep - excretory pore of contractile 
vacuole, Ma - macronucleus, R - ciliary rows, T - tentacles. Bars 
15 (im 

could be identified in the swarmer, i.e. in E. ver-
micularis. 

Electron microscopic description of E. vermicularis 

Morphometric data shown in Table 1 are not repeated 
in this section. 

Cortex: The cortex of E. vermicularis is about 54 nm 
thick and of usual structure, i.e. has a cell membrane 
followed by alveoli, which are very flat and small, and 
a thin layer of finely granular epiplasm (Fig. 23). The 

5 

alveolar content is strongly osmiophilic and slightly 
thickened at the triangular alveolar junctions, which 
contain finely granular material, possibly epiplasm or a 
substance to which silver nitrate adheres, producing the 
silverline system (Fig. 5). As in other suctorians, there 
are small (about 160 x 130 nm) pits in the cortex covered 
only by the cell membrane and some epiplasm (Fig. 
10). These pores strongly resemble the parasomal sacs 
around the cilia and are distinguishable from these only 
in the anterior pole region of the cell where no cilia 
occur. 

Tentacles: The short cortical processes in the 
posterior half of the body each contain a slightly ellip-
tical axoneme composed of two concentric microtubule 
cores (Figs. 1, 3, 6, 13; Table 1). The axonemes, which 
are not associated with barren basal bodies but often 
located near somatic cilia, originate deep in the 
cytoplasm and extend almost to the distal end of the 
tentacles where haptocysts are anchored (Figs. 16, 18). 
The microtubules of the outer core are linked to each 
other and to those of the inner core by strands of 
fibrogranular material. The microtubules of the inner 
core are very close together and carry distinct projec-
tions (arms) on the concave side of the axoneme, facing 
the lumen of the tentacle which is filled with cytoplasm 
containing dumb-bell shaped membranous structures 
(Figs. 12-16). The distal end of the tentacles, the knob, 
is covered by the cell membrane and the cortical alveoli 
which becomes evident in transverse sections (Fig. 11). 

Three regions can be distinguished along the 
axoneme. Its distal portion is slightly conically dilated 
and shows five widely separate microtubule lamellae 
each in the outer and inner core (Fig. 12). In the middle 
region of the axoneme the number of microtubules 
increases slightly and those of the outer core become 
fairly evenly spaced. Those of the inner core remain 
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grouped to five lamellae, each composed of seven 
microtubules and parallel to the outer core (Figs. 13, 14; 
Table 1 ). However, their lamellar arrangement becomes 
inconspicuous in the proximal region of the axoneme, 
where the microtubules are almost as evenly spaced as 
those of the outer core (Fig. 15). No specializations were 
found around and at the base of the axoneme. 

Haptocysts: These organelles are found mainly in 
the distalmost portion of the tentacles (Figs. 11-13, 18) 
but also within the axoneme (Fig. 19) and in the 
cytoplasm (Fig. 17). The cylindroid shaft is rounded 
anteriorly and composed of a finely granular coat, 
which is apparently continuous with the granular sub-
stance composing the barrel-shaped posterior bulb, and 
a heavily osmiophilic tube separated from the bulb by 
a strongly osmiophilic granulum (Figs. 17-19, Table 
1). Very likely, radial structures project from the shaft 
and the bulb into the cytoplasm (arrows in Figs. 11, 
17, 19), as described by Mogensen and Butler (1984) 
in Trichophrya rotunda. 

Kinetids: In contrast to the tentacle axonemes, which 
were well preserved by the method used, the basal 
bodies and their fibrillar associates were not. However, 
the quality of the material was sufficient to analyze the 
kinetids in some detail. They are rotated 90° counter-
clockwise to the kinety axis (see discussion), i.e. the 
ciliary rows extend transversely to the longitudinal body 

axis, which must be taken into account in the following 
description. 

The cilia and basal bodies are of usual structure and 
size (Figs. 20, 21; Table 1). Each kinetid has associated 
2-3 postciliary microtubules at triplet 9, a kinetodesmal 
fibre at triplets 6 and 5, a transverse fibre at triplet 3, 
and 2 parasomal sacs (Figs. 20-22, 24). 

The postciliary microtubules are slightly convergent 
and extend horizontally into the intrakinetal ridge, where 
they curve sharply backwards to the narrowed posterior 
end of the cell. They are rather long and several bundles 
thus overlap to form a loose array of 8-19 microtubules 
bridging 3-6 ciliary rows (Figs. 21, 22, 24; Table 1). 
Those of the last kinetids extend on the posterior pole 
area, where they form a dense, rather irregular sheet. 
The flattened kinetodesmal fibre is of usual structure 
and extends steeply upward to the centre of the inter-
kinetal ridge, where its distal end becomes frayed and 
anchored to the epiplasm (Fig. 20). The kinetodesmal 
fibre is about 1300 nm long and extends anteriorly, 
seemingly connecting the kinetids of neighbouring rows 
(Fig. 22), as does the inconspicuous transverse fibre, 
however, in posterior direction. The parasomal sacs are 
at the posterior end of the kinetid, rather distant from 
the basal body and slightly oblique to the transverse 
body axis. The anterior sac is near the kinetodesmal 
fibre, while the posterior sac is between the postciliary 

Table 1 
* 

Electron microscopic morphometric characteristics of Enchelyomorpha vermicularis 

Character X M SD SDx CV Min Max n 

Axoneme, diameter long axis 452.6 469.0 40.6 9.8 9.0 375 500 17 
Axoneme, diameter short axis 413.7 417.0 40.2 9.8 9.7 344 469 17 
Axoneme, number of microtubules in outer core 30.0 30.0 0.0 0.0 0.0 30 30 16 
Axoneme, number of microtubules in inner core 35.0 35.0 - - - 34 35 18 
Axoneme, number of microtubule ribbons in inner core 5.0 5.0 0.0 0.0 0.0 5 5 16 
Axoneme, number of microtubules in ribbon of inner core 7.0 7.0 - - - 6 7 18 
Cortex, thickness (with epiplasm) 52.0 54.0 9.0 2.7 17.4 31 63 11 
Epiplasm, thickness 14.5 13.0 2.3 0.7 16.1 12 20 11 
Basal body, length 334.8 344.0 17.8 5.4 5.3 313 366 11 
Basal body, diameter 198.3 195.0 12.1 3.6 6.1 188 218 11 
Parasomal sac, deepness 178.2 187.0 39.6 13.2 22.2 122 250 9 
Parasomal sac, diameter 144.2 150.0 20.0 6.7 13.9 122 172 9 
Postciliary microtubules, number per bundle in cortical ridges 12.9 12.0 3.7 1.4 28.8 8 19 7 
Haptocyst, length 327.4 322.0 13.7 4.8 4.2 312 346 8 
Haptocyst, width 135.4 135.5 13.8 4.9 10.2 122 154 8 
Hydrogenosome, long axis 1249.0 1109.5 523.9 102.7 41.9 667 2688 26 
Hydrogenosome, short axis 937.8 938.0 265.5 52.1 28.3 437 1344 26 
Autophagous vacuole, long axis 743.7 703.0 214.1 36.7 28.8 437 1437 34 
Autophagous vacuole, short axis 690.6 640.5 203.9 35.0 29.5 406 1437 34 

* All data based on ultrathin sections of 4 cells fixed with glutaraldehyde and osmium tetroxide. Measurements in nm. Abbreviations: CV -
coefficient of variation in %, M - median, Max - maximum, Min - minimum, SD - standard deviation, SDx- standard deviation of the mean, 
x - arithmetic mean 
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Figs. 8 - 1 0 . Electron micrographs of the general organization and the contractile vacuole of E. vermicularis. 8 - longitudinal section showing 
the macronucleus (Ma) with a distinct microtubule bundle (Mt) inside, the contractile vacuole (CV) in the anterior end, transversely extending 
ciliary rows (R), tentacle axonemes (T), hydrogenosomes (Hy) and autophagous vacuoles (AV); 9,10 - longitudinal sections through the anterior 
end showing a cortical pit (CP) and many microtubule bundles (arrows) originating at the excretory pore (Ep) and surrounding the contractile 
vacuole (CV) which is embeded in spongious cytoplasm. Bars - 10 (im (Fig. 8), 200 nm (Fig. 9), 1 fim (Fig. 10) 
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Figs. 11 -19. Electron micrographs of the tentacles and haptocysts of E. vermicularis. 11,12,13,14,15-transverse sections of tentacles arranged 
from the distal to the proximal end. The tentacles contain haptocysts (H) with radial projections (arrows) and a conspicuous axoneme composed 
of two concentric microtubule cores (Bars - 500 nm); 16 - longitudinal section of a tentacle filled with granular and membranous material. Some 
dark-stained autophagous vacuoles (AV) are recognizable in the cytoplasm (Bar - 1500 nm); 17, 18, 19 - haptocysts (H) occur in the cytoplasm 
and axoneme (A) and have a barrel-shaped posterior bulb. The arrows mark radial projections of the haptocysts, the arrowhead points to the 
distal end of the axoneme, and the asterisk marks transversely sectioned postciliary microtubules of the somatic kinetids. Bars 250 nm 
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Figs. 20 - 24. Electron micrographs of the somatic kinetids and the cortex of E. vermicularis. 20 - longitudinal section of a kinetid showing 
the frayed distal end of the kinetodesmal fibre (Kd) anchored to the epiplasm (arrow); 21 - oblique section showing postciliary microtubule 
ribbons (PMt) extending into an interkinetal ridge; 22,24 - transverse sections of somatic kinetids showing kinetodesmal fibers (Kd), a transverse 
fibre (Tf), postciliary microtubule ribbons (arrows) extending between the parasomal sacs (PS), hydrogenosomes (Hy) and autophagous 
vacuoles (AV); 23 - transverse section showing alveolar junctions in the cortex (arrows). Bars - 500 nm 
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Figs. 25 - 28. Electron micrographs of E. vermicularis showing cytoplasmic inclusions, viz. the macronucleus (Ma), micronucleus (Mi), a 
tentacle axoneme (T), autophagous vacuoles (AV) and hydrogenosomes (Hy) which sometimes have crystalline inclusions (Fig. 26). 
Bars 1000 nm 
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ribbon and the transverse fibre. Thus, the proximal 
portion of the postciliary microtubule ribbon extends 
between the parasomal sacs, causing a characteristic 
kinetid pattern (Figs. 22, 24). 

No subkinetal microtubules or barren basal bodies 
were found. 

Nuclear apparatus: E. vermicularis has a roundish 
macronucleus (Figs. 1, 2, 6, 7) and an ellipsoid 
micronucleus which is difficult to recognize in the light 
microscope but prominent in the electron microscope 
due to many loosely arranged microtubules extending 
in its main axis (Fig. 25). Likewise, the macronucleus 
contains microtubules which are, however, more den-
sely packed than those in the micronucleus (Figs. 8, 
25). Both nuclei are surrounded by about four layers 
of rough endoplasmic reticulum and their ultrastructure 
appears similar to that known from other suctorian 
swarmers (e.g. Bardele 1969, Hauser 1970). 

Contractile vacuole: E. vermicularis has a single 
contractile vacuole with a prominent excretory pore 
near the centre of the anterior pole (Figs. 2, 3, 6, 8-10). 
The vacuole is surrounded by spongious cytoplasm and 
a basket of microtubules which originate at the ex-
cretory pore and form distinct posteriorly extending 
ribbons (Figs. 9, 10). 

Cytoplasmic inclusions: Two types of cytoplasmic 
inclusions were found which clearly differ in size and 
structure. The first type, probably hydrogenosomes, is 
rather irregularly shaped and has an average size of 
1109 x 938 nm (Table 1). It is surrounded by at least 
one unit membrane and contains lightly stained, 

homogenously distributed, finely granular material 
(Figs. 24, 25). In two cells some of these bodies 
contained highly ordered inclusions, possibly protein 
crystals or virus particles (Fig. 26). 

The second type of inclusion is more regularely 
shaped and smaller than type one, viz. has an average 
size of 703 x 640 nm (Table 1). These bodies are 
heavily stained and often contain a variety of in-
clusions, some of which are highly reminiscent of 
bacteria (Figs. 16, 24, 25, 27). Several stages of con-
densation can be clearly recognized in Fig. 25, sug-
gesting that these inclusions are degenerating food 
vacuoles and/or autophagous vacuoles. 

Morphogenesis 

Swarmer formation commences by proliferation of 
basal bodies in small areas, one each to the right and 
left of the contractile vacuole (Fig. 29). These fields 
enlarge and become convex, while a distinct bundle of 
microtubules (?) appears in the centre of the macro-
nucleus (Fig. 30). By continued growth and enfolding 
the distances between the basal bodies are increased 
and the margins of each ciliary field become con-
nected, producing two ellipsoid swarmers within an 
adult (Fig. 31). Only one swarmer was observed in 
about 10% of the morphogenetic active cells. 

Unfortunately, the slides did not contain stages 
showing either the division of the macronucleus, which 
is one of the latest events in embryogenesis (Bardele 
1970), or the release of the swarmers. 

Figs. 29 - 31. Early and middle stages of swarmer formation in E. vermicularis. Usually, two swarmers (arrows) are produced, one each to the 
right and left of the contractile vacuole. CV - contractile vacuole, Ma - macronucleus, T - tentacles. Bar - 10 |im 
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DISCUSSION 

Enchelyomorpha, a "good" suctorian 

Lynn and Foissner (1994) reviewed the distribution of 
tentacle and tentacle-like structures in ciliates. This com-
pilation shows that suctorians are unique in having two 
concentric microtubule cores in their tentacles. The outer 
core may or may not be complete and the inner core is 
always composed of ribbons of arm-bearing microtubules. 
The axonemes of E. vermicularis match this pattern per-
fectly (Figs. 12-16), leaving no doubt as to its suctorian 
relationship. This is supported by the occurrence of hap-
tocysts, a type of extrusome as yet found only in this group 
of ciliates (Batisse 1994), and also by its mode of 
reproduction, viz. endogenous budding. 

The position of Enchelyomorpha within the Suctoria 

Classification of taxa within the suctorians is mainly 
according to the mode of swarmer production, which is 
polygemmic and internal in Enchelyomorpha (Figs. 29-
31). Thus, Enchelyomorpha belongs to the Entotropida 
or Endogenina, depending on the classification preferred 
(Batisse 1994, Corliss 1979). It is just this order which 
contains two other peculiar suctorians, viz. Allantosoma, 
living in the cecum and colon of horses, and 
Cyathodinium, inhabiting the cecum of domestic pigs 
(Batisse 1994). Batisse (1994) uses details of the 
swarmer formation for subordinal classification. Unfor-
tunately, such details are not known for Enchelyomor-
pha. However, data are sufficient to discuss some af-

S 

Fig. 32. The enchelyomorphid swarmer can be derived from a toko-
phryid bud simply by increasing the number and spreading of its 
circular-transverse ciliary rows. The arrow marks a short, oblique 
ciliary row lacking in E. vermicularis. CV - contractile vacuole, S -
scopuloid. Based on figures by Augustin and Foissner (1989, 1992) 

finities. A relationship of Enchelyomorpha with the 
Acinetina is indicated by the fine structure of the ten-
tacles and the general organization and ciliature of the 
swarmer, whereas swarmer production resembles 
Cyathodinium in the suborder Discophryina. 

As concerns the tentacle axonemes, those of Acineta 
(Bardele and Grell 1967), Tokophrya (Rudzinska 1967, 
1970), Cyathodinium (Paulin and Corliss 1969) and 
Enchelyomorpha (Figs. 12-16) are extremely similar 
not only in the number of microtubules comprising the 
axonemes but also in that the lamellae of the inner core 
are only slightly curved and thus almost parallel to the 
outer microtubule core. Unfortunately, other members 
of the Acinetidae and Tokophryidae have tentacle 
axonemes which look rather dissimilar to those of 
Enchelyomorpha. Their lamellae are distinctly curved 
and often composed of hundreds of microtubules, e.g. 
in Acinetopsis (Grell and Meister 1982a), 
Trematosoma (Batisse 1972), Choanophrya (Hitchen 
and Butler 1973a), and Rhyncheta (Hitchen and Butler 
1974). The fine structure of the tentacle axoneme is 
thus very likely a weak character for establishing 
phylogenetic relationships. 

We thus place more weight on the symmetry and 
ciliature of the swarmer. Both Tokophrya and 
Enchelyomorpha have monaxone, oblong swarmers and 
possess circular-transverse ciliary rows. It is easy to 
imagine how an enchelyomorphid swarmer originates 
from a tokophryid swarmer simply by increasing the 
number of ciliary rows (Fig. 32). Unfortunately, this 
attractive hypothesis has some shortcomings. In contrast 
to Enchelyomorpha, Tokophrya and Acineta swarmers 
typically have a short, oblique ciliary row near the 
inflated anterior end and lack tentacles in the free-swim-
ming (larval) stage. Furthermore, the typical brood 
pouch of the Acinetina is apparently lacking in 
Enchelyomorpha (Figs. 29-31). 

There is a striking similarity between Enchelyomor-
pha and Cyathodinium during the early and middle 
stages of swarmer production: both develop two 
swarmer anlagen at opposite sites of the adult (Figs. 
29-3 l;Cunha and Freitas 1940, Lucas 1932, Nie 1950). 
Unfortunately, we did not find late dividers of 
Enchelyomorpha, but there is a fair probability that 
they look similar to those of Cyathodinium, i.e. that 
budding is evaginative and Enchelyomorpha thus 
belongs to the Discophryina. 

Enchelyomorpha obviously has a highly distinct 
combination of characters which suggests maintenance 
of the family Enchelyomorphidae Augustin and 
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Figs. 33 - 35. Schemes of the cortical fine structure of E. vermicularis (33, 35) and Trithigmostoma steini [34; from Hofmann and Bardele 
(1987), subkinetal microtubules omitted]. The typical kinetid pattern of Enchelyomorpha can be modelled by a 90° rotation of the 
Trithigmostoma kinetid, if it is assumed that the narrowed portion of Enchelyomorpha is its posterior end. Kd - kinetodesmal fibre, PMt -
postciliary microtubule ribbon, PS - parasomal sac, TMt - transverse microtubule ribbon, Tf - transverse fibre. Numbers designate triplets of 
basal body 

Foissner, 1992. This is strengthened by the lack of 
mitochondria, i.e. its anaerobic mode of life. 

Fine structural comparison 

Having shown that E. vermicularis is a suctorian 
swarmer, a more detailed comparison of its structure with 
related taxa seems appropriate. However, most electron 
microscopic data on suctoria are from adult cells (Batisse 
1994), while our investigations on Enchelyomorpha con-
cern the swarmer only. This limits a fruitful comparison 
considerably and it is quite possible that, for instance, the 
simple tentacle structure of Enchelyomorpha is a juvenile 
character. We thus restrict the comparison to a few main 
structures, namely the tentacles, the somatic kinetids and 
the cytoplasmic inclusions. 

Tentacles and haptocysts: The tentacles of 
Enchelyomorpha appear simple when compared to those 

of many other suctorians, e.g. Trichophrya rotunda 
(Mogensen and Butler 1984), Rhyncheta cyclopum 
(Hitchen and Butler 1974), Discophrya (Curry and But-
ler 1976), Acinetopsis rara (Grell and Meister 1982a), 
and Ephelota gemmipara (Grell and Benwitz 1984a). 
The most remarkable feature concerns the distal end, i.e. 
the tip containing the haptocysts, which is very likely 
sealed by the full set of cortical membranes, whereas it 
is covered solely by the cell membrane in other species. 
However, this might be a juvenile feature, because the 
tip of the growing tentacles of Choanophrya infun-
dibulifera is also covered by the cell membrane and the 
cortical alveoli (Hitchen and Butler 1973b). Growing 
suctorian tentacles are usually associated with a non-
ciliated basal body which possibly acts as an organizing 
centre for the microtubules of the axoneme [see Hitchen 
and Butler (1973b) for short review]. No barren basal 
bodies have been observed in E. vermicularis which 
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matches results by Grell and Benwitz (1984b) on 
Ephelota gemmipara and E. plana. 

The haptocysts of E. vermicularis look rather simple 
compared with those of other suctorians (Batisse 1994, 
Jurand and Bomford 1965, Mogensen and Butler 1984). 
Specifically, the proximal portion of the shaft is not 
dilated and the granular material in the bulb appears 
homogenous. Furthermore, the bulb is not globular, as 
is usual, but barrel-shaped. Similar haptocysts occur in 
Ephelota spp. according to the micrographs in Grell and 
Benwitz (1984a). 

Somatic kinetids: The pioneering study of Batisse 
(1972) showed a basic similarity between the suctorian, 
cyrtophorid and rhynchodid kinetids. It provided a 
strong argument for uniting these groups in a 
monophyletic taxon, the class Phyllopharyngea 
(Puytorac et al. 1974), which is still recognized (Lynn 
1991, Puytorac et al. 1993). This view has not been 
contradicted by later studies (Grell and Benwitz 1984a, 
b, Mogensen and Butler 1984) and is also supported by 
our investigations. In fact, the enchelyomorphid kinetid 
pattern can be easily modelled by a simple rotation of 
the cyrtophorid kinetid (Figs. 33-35). However, detailed 
studies on the fine structure of the suctorian kinetids are 
not available, and our own study also has shortcomings. 
Thus a substantial comparison is difficult and should 
await more detailed investigations. 

Enchelyomorpha vermicularis has a holotrichous 
ciliature with basal bodies so regularly arranged that the 
ciliary rows can be interpreted as extending lon-
gitudinally or transversely with respect to the swarmer 
axes (Figs. 5, 7). The electron microscopic investiga-
tions showed that the proximal portion of the postciliary 
microtubule ribbon extends in the transverse axis of the 
swarmer, while the longer distal portion curves back-
wards to the narrowed end of the cell. Accordingly, the 
kinetodesmal and transverse fibres extend along the 
main body axis. If it is accepted that the postciliary 
microtubules and the kinetodesmal fibres define the 
orientation of the kinetid, then the ciliary rows extend 
transversely and the kinetids are rotated 90° counter-
clockwise with respect to the longitudinal body axis and 
the cyrtophorid kinetid pattern. This interpretation ap-
pears reasonable because most suctorian swarmers, 
especially those of the Acinetina to which Enchelyomor-
pha possibly belongs, have circular-transverse ciliary 
rows with ends almost touching each other (Batisse 
1994, Grell and Benwitz 1984b, Guilcher 1951). 

In Trematosoma hocqueti two parasomal sacs occur 
in the posterior area of the kinetid (Batisse 1972), 

whereas Acinetopsis rara has only one sac at the right 
side of the basal body near the kinetodesmal fibre (Grell 
and Meister 1982b). In Trichophrya rotunda a parasomal 
sac occurs on either side of the kinetid (Mogensen and 
Butler 1984). The parasomal sacs of E. vermicularis are 
located as in T. bocqueti, if it is taken into account that 
the ciliary rows extend transversely to the longitudinal 
body axis (Figs. 22, 24, 33, 35). 

A remarkable difference between E. vermicularis 
and other suctorians concerns the kinetodesmal fibre 
which not only extends close beneath the epiplasm but 
definitely contacts it via the frayed distal end (Fig. 20). 
This resembles some colpodid ciliates (Lynn 1976). 

Whether subkinetal microtubules are really lacking 
in E. vermicularis needs confirmation from better fixed 
material. 

Cytoplasmic inclusions: Enchelyomorpha ver-
micularis definitely lacks structures which could be 
interpreted as mitochondria. This is in accordance with 
most faunistic records, showing it to be restricted to 
microaerobic or anaerobic biotopes (Augustin and 
Foissner 1992). Thus, E. vermicularis should possess 
hydrogenosomes and endosymbiotic (methanogenic) 
bacteria like other anaerobic ciliates [for review see 
Fenchel and Finlay (1991)]. We could not identify such 
organelles unequivocally in the sections. However, the 
lightly stained, rather irregular bodies distributed 
throughout the cytoplasm closely resemble 
hydrogenosomes known from, e.g. Trimyema (Finlay 
et al. 1993), Plagiopyla (Berger and Lynn 1992) and 
an anaerobic suctorian, Cyathodinium (Paulin 1973), 
living in the cecum of pigs, although we could not 
identify a double membrane surrounding them which 
might, however, be due to inadequate fixation (Paul et 
al. 1990). 

Structures resembling bacteria (methanogens) were not 
found in the cytoplasm but often in the dark globules 
interpreted as autophagosomes (Figs. 25, 27, 28). 
Likewise, stalk (scopuloid) granules and scopular pores 
as described in several suctorian swarmers (Bardele 1970, 
Grell and Benwitz 1984b, Grell and Meister 1982b, Has-
call and Rudzinska 1970, Mignot and Puytorac 1968) are 
apparently lacking in E. vermicularis. In fact, we could 
not identify any structure reminiscent of a scopuloid. The 
adult of E. vermicularis is thus very likely stalkless. 
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Summary. Recent research indicates that bacteriophages are abundant and important for controlling populations in prokaryote microbial 
communities. The number and role of viruses in eukaryotic microbial communities is less well known. This report demonstrates the 
presence of polyhedral virus-like particles infecting a free-living, marine rhizopod. The virus-like particle appears to cause cell damage 
and possibly death. It is able to replicate within the protist and may be able to spread to other members of the population. A survey of 
the literature indicates that viruses and virus-like particles are present in other protists, perhaps more commonly than usually reported. If 
viruses are widely dispersed in eukaryote microbial populations, they could contribute significantly to cycling in aquatic food webs and 
have implications for gene transfer between marine organisms. 

Key words. Viruses of protists, Corythionella, marine microbiology, electron microscopy. 

INTRODUCTION 

Within the last few years it has become apparent that 
bacteriophages are abundant in aquatic habitats (Bergh 
et al. 1989, B0rsheim et al. 1990) where they play an 
important role in microbial food webs both as prey 
(Gonzalez and Suttle 1993) and in releasing significant 
amounts of bacterial carbon to the dissolved organic 
carbon pool by lysing bacterial cells (Bratbak et al. 1990, 
Thingstad et al. 1993). Furthermore, viruses play a 
significant role in regulating bacteria and cyanobacteria 
populations (Proctor and Fuhrman 1990, Suttle et al. 
1990). Although reports of viruses infecting protists are 
relatively rare, because they are also subject to infection 
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20052, USA; Fax (202) 994-6100; E-mail :biodl @gwuvm.gwu.edu 

and lysis it is likely that viral parasitism plays an impor-
tant, but poorly understood, ecological role in eukaryotic 
microbial communities (Laybourn-Parry 1992). 

This study documents the presence of a virus-like 
particle (VLP) similar in morphology to a herpes virus 
in a marine rhizopod and reviews what is known about 
viral infection in protists. 

MATERIALS AND METHODS 

The rhizopod, Corythionella sp. Golemansky, 1974 (Euglyphidae, 
Gromiida), was collected from the upper 5 mm layer of sand from 
marine water of Rehoboth Bay, Delaware. For electron microscopy, 
the amoebae were transferred to beem capsule baskets (Hayunga 1977) 
in petri dishes containing 2.5% v/v glutaraldehyde in 0.05M sodium 
cacodylate buffer with 0.7M sucrose and 2mM MgCl. They were fixed 
at room temperature for one hour, rinsed with the buffer solution and 
postfixed in 2% buffered 0s04 for 30 min. Cells were dehydrated and 
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embedded in Epon 812. Ultrathin sections were stained with 4% urany 1 
acetate followed by 0.2% lead citrate. The sections were examined 
and photographed with a Zeiss-10 electron microscope. It was not 
possible to establish a culture of Corythionella in the laboratory and, 
therefore, not possible to examine the molecular biology or transmis-
sion of the virus-like particles. 

cells. The organelles of the cytoplasm do not appear 
healthy: the endoplasmic reticulum is swollen and the 
mitochondrial cristae have degenerated (Figs. 1, 4). The 
mode of infection of the amoeba by the VLP is unknown. 
A ciliate, Chaenea teres, that was isolated from the same 
habitat was not infected (Lipscomb and Riordan 1990). 

RESULTS 

Virus-like particles (VLPs) are seen within the 
nucleus and cytoplasm of Corythionella (Fig. 1). Un-
like some other viruses or VLPs reported from protists, 
none were seen in any of the other cytoplasmic or-
ganelles or food vacuoles. Profiles of the VLPs were 
either hexagonal or pentagonal in section (Fig. 2). In 
an icosahedron, a section perpendicular to the 3-fold 
axis of rotational symmetry is hexagonal and, if per-
pendicular to the 5-fold axes, is pentagonal. Therefore, 
the VLPs of Corythionella are probably icosahedral. 
The VLPs are 80±5 nm in diameter with the wall of 
the capsid measuring approximately 5 nm thick and 
the core 70-75 nm in diameter. No tail, filaments, or 
injection tubes were seen in thin sections. 

Within the nucleus, the VLPs are evenly distributed 
and not packed into paracrystalline arrays (Figs. 1, 2, 
4). Depending on the plane of section, the core varies 
in density from apparently empty particles, to those 
containing a peripheral ring of electron dense material, 
to those filled with darkly staining material (Fig. 2). 
The cytoplasmic VLPs are in a localized area of 
ribosome-free cytoplasm adjacent to the nucleus (Fig. 
3). The core of the cytoplasmic VLPs are filled with 
darkly staining material and each is surrounded by a 
membrane. The cytoplasmic VLPs are not packed into 
paracrystalline arrays nor surrounded by a common 
membrane. The morphology of the VLPs is thus con-
sistent with those viruses that replicate and are encap-
sulated in the nucleus, then bud through the nuclear 
membrane (acquiring individual membranes), and ac-
cumulating in the cytoplasm of their host cells. 

The cell organelles of the infected rhizopod show 
some cytopathenogenic characteristics. The nucleus of 
the rhizopod is normally spherical with evenly dis-
tributed chromatin. In infected cells, the nucleus shows 
some lobulation and the chromatin is found around the 
peripheral margin under the nuclear envelope (Fig. 4). 
The nucleus otherwise appears normal - there are no 
multiple lamellae of the nuclear membrane nor granular 
or fibrillar inclusions as are seen in some virally infected 

DISCUSSION 

Comparison of the Virus-like Particles from 
Corythionella to Known Viruses 

Ultrastructural examination of cells is often used as 
a direct and accurate means for diagnosing many virus 
infections (Doane and Anderson 1987, Grimley and 
Henson 1981). Based on morphological criteria, we 
believe the VLPs found in Corythionella are most like 
herpes viruses, although transmissibility has not been 
demonstrated. This assumption is based on their 
general appearance, size, geometry, and their location 
in both the nucleus and cytoplasm. Furthermore, the 
cytopathogenic effects on Corythionella are charac-
teristic of viral infection. The reasons for this con-
clusion are explained here in more detail. Using 
ultrastructural examination, virus families can be dis-
tinguished in part by shape and size of the capsid and 
the presence or absence of an envelope (Doane and 
Anderson 1987, Grimley and Henson 1981). The cap-
someres of eukaryote viruses have either a rod-like, 
spherical or polyhedral geometry. Polyhedral cap-
someres, such as are seen in the VLP described here, 
may be packed together so that the resulting capsid is 
an icosahedron. There are four DNA virus families 
with icosahedral capsids that infect eukaryotes: par-
vovirus, papovavirus, adenovirus, and herpes virus. 
There are three RNA virus families with icosahedral 
capsids that infect eukaryotes: reovirus, picornavirus, 
and togavirus. The rhizopod virus described here has 
an icosahedral capsid and, unless it is a previously 
undescribed type of virus, must belong to one of these 
seven groups. 

The size of any virion is relatively uniform 
throughout each family. The VLP described here is 805 
nm in diameter. This means it is far too large to be a 
parvovirus, papovavirus, picornavirus, or togavirus. Its 
size is compatible with that reported for adenovirus, 
herpes virus, and reovirus. The rhizopod VLPs in the 
cytoplasm of the host cell are surrounded by individual 
membrane envelopes. Adenoviruses and reoviruses 
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Fig. 1-4. 1 - the virus particles infecting the nucleus and cytoplasm (arrows) are clearly seen in thin sections. In the nucleus, the 
chromatin (C) is marginally displaced. In the cytoplasm, the mitochondria (m) are degenerating. The amoeba is within a flexible 
test. Bar -1 |im. 2 - virus particles are evenly distributed in the nucleus. Bar - 0.1 |im. 3 - viruses in the cytoplasm are not surrounded 
by a single common membrane but are individually surrounded by a membrane. Bar - 0.1 |im. 4 - the nucleus of Corythionella 
shows lobulation (arrow) and the endoplasmic reticulum (er) is swollen. Bar - 1 (im 
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Table 1 

Viruses and virus-like particles (VLPs) of unicellular protists 

Host Location Type or morphological Habitat of 
[Cytoplasmic (C), features host 

Nuclear (N)] 

Reference 

CILIOPHORA 
Ignotocoma sabellarium 50 X 75 nm tubes 

Ichthyophthirius multifilis food vacuole 30 nm polyhedron 

peristome of 
polychaetes 

goldfish 
(Carassius 

auratus) 

Tetrahymena pyriformis 

Onchodromus acuminatus 

Hyalophysa chattoni 

vaccina virus 

food vacuole vaccina virus 

food vacuole 90 nm spheres grass shrimp 

Lom and Kozloff (1969) 

Lobo-da-Cunha and 
Azevedo (1992) 

Perez-Prieto and 
Garcia-Gancedo (1981) 

Jareno (1987) 

Kucera (1992) 

ACRASEA 
Guttulinopsis vulgaris N 55-65 nm polyhedron moist dung Erdos (1981) 

RHIZOPODEA 
Entamoeba histolytica 

E. invadens 
Pelomyxa sp. 

Naegleria gruberi 

Corythionella sp. 

1.C 

2. C 
3. N 
4. N 

C 
N 

N and C 

1. 40 nm 

2. 75-80 nm polyhedron 
3. 7 nm filaments 
4. 17 nm spheres 

Rhabdovirus 
50 nm spheres 

70 nm polyhedron 

80 nm polyhedron 

intestine of 
humans 

mammal 
anaerobic F 

soil 

M 

1. Miller and 
Schwartzwelder (1960) 
2. Diamond et al. (1972) 
3. Mattern et al. (1972) 
4. Mattern et al. (1974) 

Bird and McCaul (1976) 
Daniels and Breyer (1973) 

Dunnebacke and Schuster(1971); 
Schuster (1969); Schuster and 
Dunnebacke(1971) 

Lipscomb and Riordan 
(this study) 

GRANULORETICULOSEA 
Elphidium excavatum clavatum 100 nm microcrystalline 

arrays 
M Heeger (1988) 

APICOMPLEXA 
Plasmodium gallinaceum 

Eimeria necatrix 

Eimeria tenella 

Eimeria stiedae 

Babesia bovis 

35-55 nm 

Newcastle disease 

Newcastle disease 

35 nm RNA virus 
(icosahedral) 

35 nm RNA virus 
(icosahedral) 

Gallus gall us 

Gallus gallus 

Gallus gallus 

Gallus gallus 

Terzakis (1969) 

Ellis and Revets (1990); 
Mihajlovic et al. (1980) 

Sibalic et al. (1980) 

Revets et al. (1989) 

Johnston et al.(1990) 

Perkinsus atlanticus polyhedron mollusca Azevedo (1990) 
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Table 1 (cont.) 

M I C R O S P O R I A 
Noesema apis 

Thelohaniidae sp. 

isomeric virus 

isomeric virus 

Apis mellifera (bee) 

diptera 

Liu (1984) 

Larsson (1988) 

DIPLOMONADIDA 
Giardia muris 

G. lamblia 

Giardia sp. 

60 nm polyhedron 

double-stranded RNA 

double-stranded RNA 

mammal 

mammal 

Cavia porcellus 
and Felis catus 

Feely et al. (1988) 

Wang and Wang (1986b); 
Miller et al.(1988a,b); 
Teras and Kesa (1988) 

De Jonckheere and 
Gordts (1987) 

TRICHOMONADIDA 
Trichomonas vaginalis double-stranded RNA reproductive tract of 

mammals 
Wang and Wang( 1985,1986a); 
Flegr et al. (1988) 

KINETOPLASTIDA 
Trypanosoma melaophagium 
Leishmania hertigi 

L braziliensis 

55-60 nm clustered in 
paracrystals 

32 nm spheres mammals 

Molyneux and Hey wood (1984) 

Croft and Molyneux (1979); 
Eley et al. (1987) 

Molyneux (1974); 
Tarr et al. (1988); 
Widmeret al. (1989, 1990) 

DINOFLAGELLIDA 

Blastodinium sp. 

Gyrodinium resplendens 

Gymnodinium uberrium 

N 20 nm spheres 

C 30 nm tubes 

C 385 nm polyhedron 

intestine of crustacea Soyer (1978) 

M Franca (1976) 

F Sicko-Goad and Walker ( 1979) 

CRYPTOMONADIDAE 
Cryptomonas sp. N and C 1. 99 nm polyhedron 

2. 120 nm with stalk and 
surrounded by membrane 

M Pienaar (1976) 

PRYMNESIIDA 
Chrysochromulina sp. 

Hymenomonas carterae 

unknown 22 nm polyhedron 

1. N 1. 63 nm polyhedron 
2. C 2. 400 nm polyhedron 

M 

M 

Manton and Leadbeater ( 1974) 

1. Pienaar (1976) 
2. Sherman and Brown (1978) 

CHRYSOMONADIDA 

Dinobryon sp. 

Hydrurus foetiolus 

Chromophysomes cornuta 

Paraphysomas bourrelli 

C 100 nm polyhedron 

C 52-59 nm polyhedron 

C 1. 50-60 nm polyhedron 
2. 150-180 nm polyhedron 

C 1. 50-60 nm polyhedron 
2. 150-180 nm polyhedron 

Sherman and Brown (1978) 

Hoffman (1978) 

Preisig and Hibberd (1984) 

Preisig and Hibberd (1984) 

P. caelifrica 150-180 nm polyhedron Preisig and Hibberd (1984) 
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Table 1 (cont.) 

P. corynephora C 1. 50-60 nm polyhedron 
2. 150-180 nm polyhedron 
3. 270-300 polyhedron 

F Preisig and Hibberd (1984) 

Aureococcus anofagefferens C polyhedron M Sieburth et al. (1988) 

Mallomonas sp. c 385 nm polyhedron F Sicko-Goad and Walker (1979) 

EUSTIGMATOPHYCEAE 
Monodus sp. N 400 nm polyhedron F Sherman and Brown (1978) 

CHLOROMONADIDA 
Chlorella pyrenoidosa c 41-42 nm polyhedron with 

short tail 
F Kawakami and Kawakami 

(1978) 

Chlorella sp. c several types Paramecium 
bursaria 

See review in Van Etten 
et al. (1987, 1988, 1991) 

Aulacomonas sp. c 200-230 nm polyhedron 
with 150-200 nm tail 

F Swale and Belcher (1973) 

PRASINOMONADIDA 
Platymonas sp. N 51-58 nm polyhedron M Pearson and Norris (1974) 

Micromonas pusilla c 130-135 nm polyhedron Mayer (1979), Mayer and 
Taylor (1979), Pienaar (1976), 
Waters and Chan (1982) 

Pyraminomonas orientalis 

Heteromastix sp. 

1. N 
2. N 

N 

1. 60 nm polyhedron 
2. 200 nm polyhedron 
320 nm polyhedron 

F 

M 

Moestrup 
and Thomsen (1974) 

Mesostigma viridae C 130 nm polyhedron F Melkonian (1982) 

RHODOPHYTA 
Porphyridium N and C 40 nm polyhedron F Chapman and Lang (1973) 

CHYTRIDIOMYCOTA 
Allomyces arbuscula C 40 nm spheres soil Khandjian et al. (1974) 

Aphelidium sp. C 200 nm polyhedron fin green algae 
(Acenedesmus annatus) 

Schnepfet al. (1970) 

LABYRINTHOMORPHA 
Labyrinthomyxa manna 
(=Dermocystidium marinum) 

N and C 46-53 polyhedron M Perkins (1969) 

Thraustochytrium sp. N and C 110 nm polyhedron with 
envelope (herpes-like virus) 

M Kazama and Schornstein 
(1972, 1973) 

Schizochytrium aggregatum N and C 110 nm polyhedron with 
envelope (herpes-like virus) 

M Perkins (1976) 

lack an envelope, but herpes viruses in the cytoplasm 
of host cells are surrounded by individual membrane 
envelopes. Furthermore, a fiber is found attached to 
pentons of the adenovirus capsid and this is not seen 
in the rhizopod VLP described here. Based on all of 
these features we have concluded that this rhizopod 
VLP is most like the viruses of the herpes virus family. 

Information on the VLP replication in Corythionella 
provides additional evidence supporting this conclusion. 
Icosahedral DNA viruses replicate within the nucleus, 
while icosahedral RNA viruses replicate in the cy-
toplasm. After replication, viral nucleic acid becomes 
tightly coiled and enclosed in a capsid. Encapsidation 
typically occurs in the same location as the virus nucleic 
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acid replication (Grimley and Henson 1981). The 
rhizopod VLP capsid is seen in the nucleus, thus sug-
gesting that it replicated there and is a DNA virus. Of 
the DNA isocohedral viruses, most nucleocapsids as-
sembled in the nucleus accumulate there and are 
liberated by cell lysis. The exception is the herpes virus 
in which nucleocapsids condense in the nucleoplasm but 
bud through the nuclear membrane, thus acquiring an 
envelope, and accumulate in the cytoplasm. This appears 
to be the case in the rhizopod VLP: virus capsids are 
seen in the nucleus and also in the cytoplasm where they 
are surrounded by an individual membrane envelope. 

The final similarity between the VLP and a herpes 
virus comes from the cytopathogenic affect of the virus 
on the protist. Although non-infected cells have spheri-
cal nuclei with evenly distributed chromatin, 
Corythionella infected with VLPs have distorted nuclei 
with the chromatin just under the nuclear membrane. 
Nuclear shape changes and nucleochromatin margina-
tion are characteristic effects of herpes viruses on their 
host cell (Doane and Anderson 1987, Grimley and Hen-
son 1981). 

Confirmation that the VLP from Corythionella is a 
herpes virus and its exact classification must be based on 
a combination of growth characteristics in culture, im-
munogenic specificities, vectors of transmission, peptide 
analysis, oligotide fingerprinting, and heteroduplex map-
ping. These molecular analyses were not possible at this 
time because pure preparations of virions could not be 
obtained. Nevertheless, strong circumstantial evidence 
exists that the VLP in Corythionella is a herpes-like virus. 

The only other instance of herpes-like viruses found 
in unicellular eukaryotes occurs in the labyrinthulids 
(slime nets) (Kazama and Schornstein 1972, 1973; 
Perkins 1969, 1976). These viruses are similar to the 
VLP from Corythionella except that they are slightly 
larger and cytoplasmic particles are surrounded by two, 
not one, membrane envelopes. 

Viruses in Unicellular Protists 

The presence of prokaryotic and eukaryotic sym-
bionts living within single-celled protists is well docu-
mented and has been reviewed many times (e.g., Corliss 
1985, Görtz 1983, Taylor 1990). The occurrence of 
viruses in unicellular eukaryotes, on the other hand, has 
only rarely been mentioned in such reviews despite the 
fact that there are actually a variety of viruses and 
virus-like particles in unicellular eukaryotes (Lemke 
1976, Table 1). Therefore, we offer here a brief review 
of viruses and VLPs in protists. 

Viruses from protists which are themselves sym-
bionts in other organisms are best known. The molecular 
characterization of various RNA viruses in parasitic 
protozoa, for example, are some of the most thorough 
studies of viral systems in protists (see reviews by 
Patterson 1990; Wang and Wang 1988, 1990, 1991). 
Interestingly, the viruses of Babesia bovis (Johnston et 
al. 1990), Eimeria stiedae (Revets et al. 1989), Giardia 
lamblia (Wang and Wang 1986a), Leishmania brazilien-
sis (Tarr et al. 1988, Widmer et al. 1989), and 
Trichomonas vaginalis (Khoshman and Alderete 1994; 
Wang and Wang 1985, 1986b) share many features with 
yeast dsRNA killer viruses. All are double-stranded 
RNA viruses with nonsegmented genomes approximate-
ly 5-7 kb in length. All appear to be either spherical or 
icosahedral and usually 30-40 nm in diameter (Patterson 
1990, Wang and Wang 1991). 

Viruses that infect Chlorella-like green algae that 
reside in Paramecium bursaria have also been well 
characterized (see review by Van Etten et al. 1987,1988, 
1991). Over 30 types of viruses have been isolated from 
Chlorella species of North America. These are large 
(150-190 nm in diameter) polyhedral, dsDNA contain-
ing (at least 300 kb), plaque-forming viruses (Schuster 
et al. 1986; Van Etten et al. 1987, 1988, 1991). These 
viruses were placed into 11 groups on the basis of plaque 
size, reaction with an antibody, resistance of the virus 
DNAs to restriction endonucleases, and the nature and 
abundance of methylated bases (Schuster et al. 1986). 
Viruses from Chlorella from Europe are similar in size, 
genome size, presence of methylated bases, structural 
proteins, and sensitivity to chloroform. Because they do 
not react with the same antibody and their DNA 
hybridizes poorly with that from the North American 
strains, they have been placed in a closely related, but 
different, taxon. 

Viruses and VLPs of other symbiotic protists are 
known primarily from electron microscopy (e.g., En-
tamoeba - Bird and McCaul 1976; Diamond et al. 1972; 
Mattern et al. 1972, 1974; Miller and Schwartzwelder 
1960; Noesema - Lui 1984; Thelohaniidae - Larsson 
1988; Blastodinium - Soyer 1978; Ignotocoma - Lom 
and Kozloff 1969; Hyalophysa - Kucera 1992). These 
viruses and VLPs include a variety of forms with dif-
ferent shapes, sizes, and locations within the host cell 
(Table 1). The reason viruses are often found in protists 
that are themselves obligatory symbionts is not clear. 
Possibly these viruses play a pivotal role in the delicate 
balance of the host-parasite interaction (Wang and Wang 
1991). Or it may simply be due to the fact that parasitic 
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protozoa are the subject of more research attention than 
free-living forms. It may only be a matter of time before 
viruses are discovered in all protist groups. 

Viruses or VLPs have not been reported from the 
Euglenida (=Euglenophyceaae), Bacillariophyta 
(diatoms), bicoecids, choanoflagellates, Opalinata, 
Proteromonadida, Parabasilia, Retortamonadida, or Ac-
tinopoda, but many types of free-living protists can have 
viruses (Table 1). The consequences of the presence of 
viruses in free-living protists is not clear. Some authors 
have suggested that protists act as vectors or reservoir 
hosts of viruses that attack multicellular plants and animals 
(Porter 1990, Teras et al. 1981). Although there is some 
evidence that parasitic protists may serve as vectors of 
viruses (Mihajlovic et al. 1980, Sibalic et al. 1980), trans-
mission of particles from free-living protists to other 
eukaryotes has not been observed. Other authors have 
hypothesized that the pathogenicity of some free-living 
rhizopods that have pathogenic and nonpathogenic forms 
may be triggered by the presence of viruses (Teras and 
Kesa 1988, but see Olivier et al. 1984). 

The role of naturally occurring virus infections in 
regulating aquatic populations is just beginning to be 
investigated, but most of these studies are confined to 
examination of bacteriophages, not the viruses of 
eukaryotes (e.g., see Baross et al. 1978, Bergh et al. 
1989, B0rsheim et al. 1990, Procter and Fuhrman 1990, 
Sherr 1989). These studies suggest that predation pres-
sure from protozoan grazing may not be the major cause 
of bacterial mortality. Using improved ultracentrifuga-
tion and transmission electron microscopy counting 
techniques, we now know that viruses are more 
numerous than earlier estimates suggested. In marine 

3 9 1 
waters densities range from 10 to 10 ml (Bergh et al. 
1989, B0rsheim et al. 1990, Suttle et al. 1990), while in 
fresh water lake abundances as high as 254xl06ml"1 

have been recorded (Bergh et al. 1989). Because as much 
as one-third of bacterial or cyanobacterial population 
may be attacked or infected, phages have a quantitatively 
important impact on prokaryote population size (Procter 
and Fuhrman 1990, Bergh et al. 1989). Bacteriophages 
impact their host's environment in another way. The 
bacterial cytoplasm and cellular material released during 
viral-induced cell lysis enters the pool of dissolved 
organic matter and thus becomes available as a substrate 
for new bacterial production. Bratbak et al. (1990) sug-
gests that by recycling organic matter in a bacteria-
phage-dissolved organic material loop, bacterial produc-
tion may become very high and even exceed primary 
production. 

Although populations of protists are generally 
thought to be regulated by predation from larger 
protozoa and microinvertebrates, and by food supply 
(Fenchel 1987), viral infection is common enough to 
suggest it may also play a role in maintaining population 
levels. Furthermore, it is likely that the release of cellular 
material by cell lysis due to viral infection may dump 
significant amounts of dissolved carbon by 
heterotrophic and autotrophic prokaryotes (Laybourn-
Parry 1992). These suggestions are strengthened by the 
observed lysis of the phytoflagellata Micromonas pusil-
la, an important member of the marine nanoplankton, 
by an iridovirus (Mayer and Taylor 1979) and by the 
observation of viruses and VLPs in numerous free-living 
protists (Table 1). 

The role of viruses in microbial communities is only 
beginning to be studied. The discoveries of viruses and 
VLPs in symbiotic and free-living protists seems to be 
sufficient evidence that they may be more important in 
eukaryotic microbial ecosystems than has been previously 
realized. The role of phages in food webs, in controlling 
populations and even in facilitating the exchange of 
genetic material among marine prokaryotes is being ex-
amined by ecologists (Sherr 1989). It is necessary to begin 
to look at whether the viruses infecting eukaryotes play 
an equally important role. It is hoped that biologists in 
other fields, whether the intent of their study is morphol-
ogy, physiology, etc., should take the time to note the 
presence of virus particles infecting marine microor-
ganisms when they are encountered. 
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A Light Microscopic and Ultrastructural Study of Gurleya legeri 
sensu Mackinnon (1911) - with Establishment of the New Species 
Gurleya dorisae sp. n. (Microspora, Gurleyidae) 
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Summary. The microsporidium Gurleya dorisae sp. n., a parasite of caddis fly larvae of the species Anabolia nervosa and Micropterna 
lateralis, is described based on light microscopic and ultrastructural characteristics. All life cycle stages have isolated nuclei. The merogonial 
reproduction was revealed by small groups of merozoites. The dominant sporogony yields four sporoblasts by rosette-like budding, enclosed 
in a sporophorous vesicle produced by the sporont. Together with the tetrasporous sporogony production of macrospores in 3-, 2- or 
1-sporous vesicles occurs. Spores are pyriform, with pointed anterior pole. Fixed tetraspores from A. nervosa measure 3.0-3.5 x 4.6-5.2 
pm. The greatest fixed macrospores observed were 10.4 pm long. The spore wall has the normal three subdivisions, including a layered, 
ca 43 nm wide exospore, where the intermediate layer is a double-layer. The polaroplast has two lamellar parts, with the anterior lamellae 
more closely packed. The polar filament is isofilar, with 20-25 coils in tetraspores, up to 34 coils in macrospores. The coils have 
approximately identical diameter in tetraspores and macrospores. Granular and tubular inclusions of two kinds appear in the episporontal 
space. Wide, septate tubules of exospore nature disappear when the spores mature. Narrow, thin-walled tubules persist. Macrospores often 
exhibit aberrant cytology. In A. nervosa the adipose tissue is more or less completely invaded by the parasite. The fat body lobes are not 
transformed into syncytia. Defense reactions were not observed in this host. Infection in M. lateralis was visible as local herds, and nodule 
formation with incorporation of dark pigment was observed. The species is compared to previously described microsporidia of caddis 
flies and the generic position is discussed. It is obviously identical to the microsporidium Mackinnon (1911) reported under the name 
Gurleya legeri Hesse, 1903. 

Key words. Microspora, Gurleya dorisae sp. n., ultrastructure, taxonomy, Trichoptera larvae. 

INTRODUCTION 

During the years 1909 and 1910 Dr. Doris L. Mack-
innon collected parasites from caddis fly larvae, mainly 
of the genera Limnephilus and Anabolia, in the neigh-
bourhood of Aberdeen (Mackinnon 1911). Among the 
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University of Lund, Helgonavägen 3, S-223 62 Lund, Sweden; FAX 
+46-46-104541; E-mail: Ronny.Larsson@zool.lu.se 

four parasites reported together, one is a microsporidium 
with tetrasporoblastic sporogony, yielding micro- and 
macrospores in regular arrangement. The species was 
identified as Gurleya legeri Hesse, 1903. The type host 
of this microsporidium is an insect not related with 
caddis flies: larvae of the mayfly Ephemerella ignita, 
with provenance from Haute-Saône in France (Hesse 
1903). 

A microsporidium which is considered identical to 
the species studied by Mackinnon, appears in streams 
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in Scania in southern Sweden. The ultrastructure of the 
species is briefly described herein. As the micro-
sporidium neither is identical to Gurleya legeri Hesse, 
1903, even if that was suggested by Mackinnon, nor 
to any other described species of microsporidia, a new 
species is established. Some traits on the cytology, the 
identity of the species and the generic position are 
briefly discussed. 

MATERIALS AND METHODS 

The investigation was based on three samples of caddis fly larvae 
(Trichoptera), from three different streams or rivers in Scania, in the 
south of Sweden. In the sample collected in Hoje a , close to the village 
of Esarp (Sample 1; July 13, 1987), the host was Anabolia nervosa 
(Curtis, 1834). In the other two samples, from Vege a , close to 
Knutstorp (Sample 2; July 29, 1987), and from a small stream about 
500 m from its affluence into the river Ronnea, at Djupadalsmolla 
(Sample 3; August 14, 1991), the host was Micropterna lateralis 
(Stephens, 1837). 

Fresh squash preparations were made using the agar method of 
Hostousky and Zizka (1979) and examined using phase contrast 
microscopy, differential interference phase contrast techniques, or 
dark field illumination. Permanent squash preparations were air 
dried lightly and fixed in Bouin-Duboscq-Brasil (BDB) solution or 
in methanol for at least one hour. For paraffin sectioning infected 
animals were immersed in BDB or 4 % formaldehyde overnight or 
longer. After washing and dehydration in a graded series of ethanols, 
specimens were cleared in butanol and embedded in Paraplast 
(Lancer, St. Louis, MO, USA). Sections were cut longitudinally at 
10 fim. Squash preparations and sections were stained using Giemsa 
solution, Heidenhains iron haematoxylin, a modification of the 
polychromatic staining according to Vetterling and Thompson 
(1972), where the nuclear staining was substituted with Heidenha-
in's haematoxylin for one hour, or using the modification of No-
land's gentian violet by Farley (1965). For details on the general 
histological techniques used see the manual by Romeis (1968). All 
permanent preparations were mounted in D.P.X. (BDH Chemicals 
Ltd., Poole, UK). Measurements were made with an eye-piece 
micrometer at x 1000. 

For transmission electron microscopy, pieces of infected tissue 
were excised and fixed in 2.5 % (v/v) glutaraldehyde in 0.2 M 
sodium cacodylate buffer (pH 7.2) at 4°C for 24 or 50 hours. After 
washing in cacodylate buffer and postfixing in 2 % (w/v) osmium 
tetroxide in cacodylate buffer for 1 h at 4°C, the tissue samples were 
stained using uranyl acetate and lead citrate (Reynolds 1963). 

RESULTS 

Prevalence and pathology 

When removed from the cases infected larvae were 
easily recognized by the white anomalous coloration of 
the adipose tissue, shining through the semitransparent 
cuticle. The frequency of the microsporidium appeared 

normally to be low. Sample 1 contained 35 Limnephilidae 
larvae, but only three of them, all belonging to the species 
Anabolia nervosa (Curtis, 1834) hosted the parasite. Of 
additional 7 larvae of Polycentropodidae 3 had Episeptum 
inversum (see Larsson 1986), the only other micro-
sporidium present in the sample. 

Sample 2 contained 41 larvae of Micropterna 
lateralis (Stephens, 1837) where only one had the 
microsporidium, and five healthy specimens of a Lep-
tocerus species. No other microsporidia were present 
in this sample. Sample 3 was small, containing 10 
specimens of M. lateralis, five of them with the 
microsporidium, and one larva belonging to the family 
Rhyacophilidae (not further identified), which was free 
of microsporidia. 

Only the adipose tissue was infected. In Anabolia 
nervosa practically all fat cells were invaded by the 
microsporidium (Fig. 1). In Micropterna lateralis in-
fected cells were dispersed as isles among healthy fat 
tissue (Fig. 2). The microsporidium remained in close 
contact with the host cell cytoplasm, without provok-
ing development of a parasitophorous vacuole. In-
fected cells, and their nuclei, were hypertrophic. The 
nuclear diameter increased up to threefold following 
infection. Infected lobes were not degraded to syncytia. 

In the single infected M. lateralis larva of Sample 
2 defense reactions against the microsporidium were 
seen. Nodules were formed by haemocytes adhering in 
layers, building an up to 16 (J.m thick wall (Fig. 2). In 
addition black pigment, probably melanins, were 
deposited in the nodules (Fig. 3), which made the 
nodules distinctly visible to the naked eye. Spores in 
the nodules were destroyed. 

Presporal stages and life cycle 

All life cycle stages observed displayed isolated 
nuclei, and there were no indications of reductional 
division in the initial phase of the sporogony. 

The earliest life cycle stages observed were small 
groups of merozoites (Fig. 4).They were irregularly 
shaped, up to 3.9 )im in diameter in sections, and they 
had a central, up to 1.7 |am wide, irregularly rounded 
nucleus. The nuclear envelope was of traditional type: 
two unit membranes with pores and a perinuclear 
cisterna. The merozoites had an about 8 nm thick 
plasma membrane of traditional unit membrane struc-
ture. The cytoplasm was rich in free ribosomes, but 
there were only traces of a rough endoplasmic 
reticulum (Fig. 4). It is unknown if there is more than 
one sequence of merogonial divisions. 
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The last, or possibly only, generation of merozoites 
matured to sporonts. The shape changed to more or less 
spherical in young sporonts (Fig. 5). The nucleus in-
creased in size, and ribosomes to a greater extent became 
associated with membranes to a rough endoplasmic 
reticulum, which surrounded the nucleus in concentrical 
layers. Aggregations of cytoplasmic vesicles, obviously 
Golgi apparatuses, became apparent in the proximity of 
the nucleus from the beginning of the sporogony (Fig. 
5). 

The plasma membrane of the young sporont was 
externally reinforced by an approximately 10 nm thick 
uniform layer of electron-dense secretions, which were 
generated almost simultaneously over the whole cell. 
The dense material then lost contact with the plasma 
membrane, forming protrusions, and became the en-
velope of a sporophorous vesicle (Fig. 6). Inside the 
vesicle, a new layer of electron-dense material was 
generated on the plasma membrane (Fig. 7). This was 
the primordium of the exospore, and it grew from an 
18-20 nm thick layer of uniform electron-dense material 
to an approximately 27 nm thick, three-layered coat with 
a more dense layer in the middle. 

The episporontal space of the newly formed 
sporophorous vesicle, had granular and tubular in-
clusions (Fig. 7). These were later organized to a con-
tinuous and regularly arranged tubular or net-like 
material, uniting the sporont and sporoblasts with the 
envelope of the sporophorous vesicle (Figs. 8-9). When 
the sporoblasts were individualized, superfluous Plas-
modium material generated a second type of tubular 
inclusions (Fig. 9). They were irregularly shaped and 
exhibited an about 30 nm thick wall of identical con-
struction to the exospore (Fig. 10). They formed 
prominent networks of septate tubules (Fig. 10) between 
the sporoblasts. These tubules disappeared when the 
sporoblasts matured to spores. The densely packed thin-
walled tubular material persisted to a fairly great extent 
also in vesicles with mature spores (Figs. 13, 20), and 
due to this material, the sporophorous vesicles were 
fairly persistent and visible in smears (Figs. 12, 14, 17). 

The nucleus of the sporont divided mitotically once 
or twice, to bi-, tri- or tetranucleate plasmodia before 
dividing into sporoblasts (Fig. 11). The undivided 
sporont nucleus measured up to 9.0 jam in diameter, 
nuclei in binucleate sporonts up to 5.8 (J.m in diameter, 
and nuclei in lobed tetranucleate sporogonial Plas-
modia up to 3.2 |im. In plasmodia with three nuclei 
one nucleus was larger than the other two (Fig. l l f ) -
The normal sporogony yielded four sporoblasts per 

mother cell, formed simultaneously (Fig. 11c), but 
spore yields from one to four were seen (Fig. 12). In 
Sample 1 (from A. nervosa) 1-4-sporous vesicles ap-
peared in the following frequencies: 1 (0.3 %), 2 (2.4 
%), 3 (3.3 %), 4 (94.0 %). In sample 3 (from 
M. lateralis) the frequencies were: 1 (0.3 %), 2 (14.5 
%), 3 (23.4 %), 4 (61.8 %).There was a distinct size 
difference between tetraspores and macrospores (Fig. 
12), but macrospores in 3-, 2- or 1-sporous vesicles 
were approximately of the same size. From A. nervosa 
(Sample 1) tetraspores measured 3.5-4.1 x 6.3-7.0 |im 
in unfixed condition, 3.0-3.5 x 4.6-5.2 | im when fixed 
and stained. From M. lateralis (Sample 2) unfixed 
tetraspores measured 3.5-4.2 x 6.9-1 A (ĵ m, fixed and 
stained 3.0-3.5 x 4.6-6.4 jam. Fixed and stained mac-
rospores from A. nervosa (Sample 1) measured 4.1-4.9 
x 5.8-9.0 (am. From M. lateralis (Sample 2) fixed and 
stained macrospores were 4.1-5.8 x 6.4-10.4 |im great. 
In vesicles with a reduced number of sporoblasts, 
anomalous Plasmodium fragments were observed 
(Figs. 1 Id, 13). Vesicles with one spore were obviously 
the result of a division where only one of the daughter 
cells reached to mature to spore, not of a sporont 
transforming directly into a sporoblast. 

The transformation from sporoblast to spore, and 
the initiation and moiphogenesis of the sporal organel-
les, equalled the normal for microsporidia. 

Mature spores 

The spores were pyriform with the anterior pole 
lightly pointed (Figs. 12, 14-16). Some macrospores 
were more stout and ovoid in shape (Fig. 12). The 
nuclear area of stained spores was visible in the 
posterior half as an obliquely directed dark strand 
(Figs. 11a, f). In carefully squashed sporophorous 
vesicles spores were occasionally arranged in a regular 
way, often two and two, and with the narrow poles 
pointing in the same direction. 

The spore wall measured 250-365 nm, except 
anteriorly where dimensions down to 54 nm were 
observed. It had the traditional three subdivisions: an 
approximately 43 nm thick exospore, a wide structure-
less endospore, which was reduced anteriorly, and an 
approximately 8 nm thick plasma membrane (Figs. 18, 
19, 21). The exospore had three distinct layers of 
constant thickness: an internal about 26 nm electron-
dense layer, which gradually transformed into the en-
dospore layer, a median layer resembling a c. 6 nm 
thick double membrane, and a c. 11 nm wide moderate-
ly dense surface layer (Fig. 21). http://rcin.org.pl
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Figs. 1-5. Host-parasite interactions and ultrastructural cytology of the presporal development of Gurleyci dorisae sp. n. 1 - adipose 
tissue of an Anabolia nervosa larva, completely filled with microsporidia; 2 - local herd of developing microsporidia in a larva of 
Micropterna lateralis with beginning encapsulation; 3 - darkly pigmented nodule formed around a microsporidia-filled fat-body lobe 
of M. lateralis', 4 - associated merozoites; 5 - young sporont, arrow indicates rough endoplasmic reticulum. G - Golgi vesicles, 
N - nucleus. Bars - 1 - 2 - 2 5 |im; 3 - 50 |im; 4 - 1 |im; 5 - 0.5 |im http://rcin.org.pl
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Figs. 6-10. Early sporogony of G. dorisae. 6 - the sporophorous vesicle is initiated by the young sporont (arrow indicates tubular 
inclusions of the episporontal space); 7 - inside the sporophorous vesicle layered electron-dense material (primordium of the exospore) 
aggregates on the plasma membrane (arrow indicates tubular inclusion); 8 - sporogonial Plasmodium in a complete sporophorous 
vesicle; 9 - sporophorous vesicle at the sporoblast stage, with irregular wide tubular material of exospore nature and areas with 
closely packed, narrow tubules; 10 - network of septate tubules (arrows) of exospore origin. EX - primordium of the exospore, 
P - plasma membrane, S - sporophorous vesicle, SB - sporoblast, T - narrow tubules. Bars - 6-7, 9-10 - 100 nm; 8 - 1 pm http://rcin.org.pl
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Figs. 11-13. Sporogony of G. dorisae. 11 - haematoxylin stained sporogonial stages exhibiting: (a) tetrasporous sporopforous 
vesicles and an uninucleate sporont, (b) binucleate sporogonial Plasmodium, (c) tetranucleate lobed sporogonial Plasmodium 
(arrow), (d) sporophorous vesicle with one macrospore and one sporoblast rudiment (arrow), (e) sporophorous vesicle wih one 
macrospore and two microspores, (f) sporogonial plasmodia (arrows indicate one Plasmodium with one large and two snaller 
nuclei) and tetrasporous sporophorous vesicles; 12 - sporophorous vesicles with 1-4 spores (indicated by numbers); 13 - spo-
rophorous vesicles with macrospores and one sporoblast rudiment (+). G - Golgi vesicles, N - nucleus, S - sporophorous vesicle, 
T - densely packed, thin-walled tubules. Bars - 11 (common bar on 1 If), 12 - 10 pm; 1 3 - 1 pm 
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Figs. 14-20. Mature spores of G. dorisae. 14 - living tetrasporous sporophorous vesicles with four mature spores and four 
sporoblasts; 15 - two living sporophorous vesicles: one with a macrospore and one with four microspores; 16 - living mature 
tetraspores released by squashing; 17 - localization of the holotype (slide No. 870713-E-l RL); 18 - longitudinally sectioned 
mature tetraspore; 19 - longitudinally sectioned macrospore; 20 - detail of a sporophorous vesicle with mature spores revealing 
the closely packed thin-walled tubules. A - anchoring disc, EX - exospore, F - polar filament, H -holotype, N - nucleus, PA -
anterior polaroplast region, PP - posterior polaroplast region, S - sporophorous vesicle, T - tubules, V - posterior vacuole. 14 and 
16 differential interference phase contrast, 15 phase contrast, 17 haematoxylin staining. Bars -14-17 and inset on 17 - 10 |im; 
18-19-0.5 |im; 20 - lOOnm http://rcin.org.pl
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Figs. 21-24. Mature spores of G. dorisae. 21 - detail of the spore wall and the polar filament (the layers are numbered 1-6); 
22 - detail of the polaroplast and the anterior part of the polar filament; 23 - mature macrospore with anomalous polaroplast and 
polar filament (*); 24 - detail of an anomalous macrospore, revealing the Golgi vesicles and the final part of the polar filament 
where the external three layers (1-3) form an envelope around a ball of filament centres (layers 4-6 visible). A - anchoring disc, 
E - endospore, EX - exospore, F - polar filament, G - Golgi vesicles, P - plasma membrane, PA - anterior polaroplast region, 
PP - posterior polaroplast region, PS - polar sac. Bars - 21-22, 24 - 100 nm; 23 - 0.5 |im 
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The polar filament was attached to a layered anchor-
ing disc at the anterior pole of the spore (Figs. 18, 22). 
The widest sectioned disc of a spore in a 4-sporous 
sporophorous vesicle measured 346 nm in diameter. 
Discs of macrospores were up to 369 nm wide. The 
filament proceeded straight backwards for about one 
third of the spore length, and the final part was coiled. 
The anterior coils formed one row of coils close to the 
spore wall, while the most posterior coils were ar-
ranged in one group of coils internally to the row. The 
angle of tilt of the most anterior coil to the long axis 
of the spore was about 60°. The row of coils extended 
for about half of the spore length (Figs. 18-19). Small 
spores, in 4-sporous sporophorous vesicles, had 20-25 
coils, and the number increased in macrospores up to 
34 coils. The filament must be characterized as isofilar, 
even if there were small variations in size between 
individual coils (Fig. 21). The straight part measured 
up to 170 nm wide, and the coils were 138-157 nm in 
diameter. Coils of macrospores were not wider. The 
transversely sectioned filament exhibited a series of 
layers with different thickness and electron density, in 
direction inwards (Fig. 21: 1-6): an approximately 5 
nm thick unit membrane cover (1); three narrow (c. 6 
nm) layers, electron-dense (2), moderately dense (3), 
and electron-dense (4); a lucent lightly fibrous, about 
16 nm thick layer (5), and the moderately dense centre, 
of slightly variable size, with diffuse layering, and with 
dark material in the very centre (6). 

The cytology of macrospores was often disturbed, 
both concerning the polar filament and the polaroplast. 
The anterior coils of the polar filament were normal, 
but the terminal part was enlarged, looking like a ball 
in the centre of the spore (Figs. 13, 23-24). Also this 
part of the filament was covered like the coils, with the 
unit membrane (layer 1) and the two narrow external 
layers (layers 2-3). The bulk of the ball was composed 
of intertwined filament centres (Fig. 24). Neighbouring 
the anomalous terminal portion of the filament was a 
rounded spongious structure (Figs. 13, 23-24), ob-
viously a remainder of the Golgi-apparatus from which 
the filament was formed. 

The polaroplast, which surrounded the uncoiled part 
of the polar filament, had two regions with regularly 
arranged, closely packed lamellae, formed by unit 
membrane folds (Figs. 18, 19, 22): anteriorly narrow 
(11-32 nm wide), posteriorly wider (27-92 nm wide). 
The narrow lamellae constituted about 1/4 of the 
polaroplast. The unit membrane-lined polar sac was a 
narrow bell-shaped construction, enclosing the anchor-

ing disc and approximately the anterior half of the 
polaroplast (Fig. 22). The approximately 5 nm thick 
unit membrane component of the polar filament, the 
polaroplast lamellae and the polar sac belonged to the 
same system. Macrospores had often aberrant or-
ganisation of the polaroplast lamellae (Fig. 23). 

The nucleus, when seen in sectioned spores, was 
flat and localized approximately to the middle of the 
spore (Fig. 18). The cytoplasm was electron-dense with 
prominent strands of polyribosomes in the proximity 
of the nucleus, filament coils and polaroplast (Figs. 
18-19). The posterior vacuole was never well fixed, 
but could be traced as a spongious, rather lucent area 
in an oblique position at the posterior pole of the spore 
(Figs. 18-19). 

DISCUSSION 

Cytology 

The cytology of this microsporidium conforms with 
the usual for microsporidia, and only two traits need a 
brief comment: the anomalous cytology of the macro-
spores and the defense reactions against the 
microsporidium. 

A part of the macrospores contained a ball-like 
structure in the centre, which by closer study was 
revealed to be a modification of the polar filament 
(Figs. 23-24). The surface layers were identical to the 
surface of a normal filament coil, but the interior was 
filled with intertwined filament centres. Similar 
anomalies have been observed previously, for example 
visible in developing spores of Edhazardia aedis (Fig. 
50 in Becnel et al. 1989), and in mixed infections of 
microsporidia and fungi (Larsson et al. 1995). 

It is unusual, but not unique, that an infection by 
microsporidia provokes cellular defense reactions with 
nodule formation and dark pigmentation like the ef-
fects seen here (Figs. 2-3). The most well known case 
is the nosemosis of the silk moth, caused by Nosema 
bombycis, and known by the name "pebrine" (de 
Quatrefages 1860). Production of cyst-like structures 
were observed by Weiser (1956) in larvae of Ec-
dyonurus venosus infected by Nosema baetis. 
Tumorous growths, obviously nodules, with melaniza-
tion have been reported for Nosema acridiophagus in 
Melanoplus sanguinipes by Henry (1969), and nodules 
with melanization were observed by Brooks (1971) in 
Manduca sexta infected by Nosema sphingidis. Jordan 
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and Noblet (1982) noticed inflammatory responses in 
Heliothis zea artificially infected by Nosema 
heliothidis. The effect was intensified with simul-
taneous infection by Vairimorpha necatrix. Brooks 
(1971) was of the opinion that defense reactions might 
be more prevalent in alternate hosts of a protozoan 
parasite. Much speaks for this interpretation being 
correct, and if so, the immunological reaction seen in 
Micropterna lateralis could indicate that this is not the 
primary host of this microsporidium. 

Taxonomy 

At least 16 species of microsporidia have been 
reported from Trichoptera. Five of them, Cougourdella 
polycentropi Weiser, 1965, C. rhyacophilae Baudoin, 
1969, Episeptum inversum Larsson, 1986, Pyrotheca 
hydropsycheae Xie and Canning, 1986, and Gurleya 
legeri Hesse, 1903 sensu Mackinnon (1911), exhibit 
tetrasporoblastic sporogony. The genera Cougourdella, 
Episeptum and Pyrotheca have distinct cytological 
characteristics, and it is obvious that the microsporidium 
treated herein is different from the species assigned to 
these genera. 

The microsporidium Mackinnon (1911) reported 
from caddisfly larvae, mainly of the genera Anabolia 
and Limnephilus, collected in the neighbourhood of 
Aberdeen, was identified to be Gurleya legeri Hesse, 
1903. This is a parasite of the mayfly Ephemerella ignita 
(see Hesse 1903). The different orders of hosts and 
minor differences between the microsporidia, e.g. ovoid 
versus pyriform spores, suggest that the microsporidia 
of Hesse and Mackinnon are different species, like stated 
by Weiser (1961). However, the microsporidium seen 
by Mackinnon resembles closely the Swedish species. 
The shape and size of the spores are identical, the 
infection was seen at the same time of the year (late 
summer), and the pathological effects on the hosts are 
the same, except that defense reactions were not noticed 
by Mackinnon. The hosts were not specified further than 
that larvae of the genera Anabolia and Limnephilus were 
studied. It must be concluded that the species described 
herein is new to science and obviously identical to the 
microsporidium Mackinnon (1911) identified as 
G. legeri. 

The genus Gurleya Doflein, 1898 was established for 
microsporidia expressing tetrasporoblastic sporogony. 
The spores of the type species, G. tetraspora, were 
described as oval, having pointed anterior and blunt 
posterior poles, and the spore surface was striated 
(Doflein 1898). By the present time the genus contains 

about 22 named species, approximately half of them 
parasites of Crustacea. Eight of the species are parasites 
of insects. The type species, G. tetraspora Doflein, 1898, 
is a parasite of the microcrustacean Daphnia magna. 
This species has not been studied since it was described. 

When Gurleya was created, the tetrasporoblastic 
sporogony was a new feature for microsporidia, and it 
was considered diagnostic for the genus. It took nearly 
40 years before a new find made it necessary to establish 
a second genus for tetrasporoblastic microsporidia 
(Hesse 1935). It is well known now that tetrasporoblastic 
sporogony occurs in a number of microsporidia, widely 
differing in other cytological and life cycle charac-
teristics, and it is obvious that the number of sporoblasts 
per sporont alone is not sufficient for the identification 
of the genus. At least 16 genera express tetrasporoblastic 
sporogony, alone or together with one or two additional 
sequences of sporogony: Amblyospora, Auraspora, 
Baculea, Campanulospora, Cougourdella, Episeptum, 
Golbergia, Gurleya, Lanatospora, possibly Merocinta, 
Microfilum, Norlevinea, Pyrotheca, Septata, Stempellia, 
and Tetramicra. It is easy to distinguish the genera 
established in recent years. The real problem is whether 
all genera younger than Gurleya are distinct genera, or 
if one of them might by a younger synonym of Gurleya. 
As G. tetraspora Doflein, 1898 has not been studied 
using modern techniques, the characteristics of a Gur-
leya species are unknown. 

The microsporidium treated herein expresses a tradi-
tional microsporidian cytology, and the regular produc-
tion of macrospores is not a unique feature. It is easily 
seen that it cannot be a member of any recently estab-
lished genus with distinct characteristics, but the genus 
Gurleya remains as a possible solution. There is one 
remarkable character mentioned in the description of the 
type species G. tetraspora: the presence of striations on 
the spore wall (Doflein 1898). This is an almost unique 
observations for a microsporidium, the only other case 
is Striatospora chironomi (see Issi 1986, 1991), and 
striations have never been observed in microsporidian 
spores studied using the SEM. However, as striated 
spore walls are common among the myxosporidia, it 
cannot be excluded that Doflein's interpretation might 
have been influenced from his knowledge of these or-
ganisms - and the new species appeared in a publication 
mostly devoted to the myxosporidia (Doflein 1898). As 
there is reason to doubt that the spore walls of 
G. tetraspora really are striated, we cannot consider this 
character diagnostic for a Gurleya species. There is no 
firm base for the establishment of a new genus, and the 
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only remaining genus with a potential to accommodate 
this microsporidium is Gurleya. Therefore the best solu-
tion to the genus problem seems to be to use Gurleya as 
a repository for the new species until a new investigation 
of G. tetraspora provides substantial discriminating 
characters for the genus Gurleya. 

DESCRIPTION 

Gurleya dorisae sp. n. 

Synonym: Gurleya legeri Hesse, 1903 sensu Mack-
innon (1911). 

Merogony: only observed as small groups of 
uninucleate merozoites. 

Sporogony: a uninucleate sporont yields a 
tetranucleate sporogonial Plasmodium, which divides 
rosette-like into four sporoblasts. In addition macro-
sporos sporogony yielding one, two or three sporo-
blasts per mother cell occurs. 

Spores: pyriform with pointed anterior end. Unfixed 
tetraspores from the type host measure 3.5-4.1 x 6.3-7.0 
jam, fixed and stained 3.0-3.5 x 4.6-5.2 (j.m. Fixed and 
stained macrospores from the type host measure 4.1-4.9 
x 5.8-9.0 |4m. The spore wall is 250-365 nm thick with an 
approximately 43 nm thick three-layered exospore, where 
the median layer resembles a double-membrane. The polar 
filament is isofilar with 20-25, 138-157 nm wide, coils in 
one row of coils close to the spore wall and one internal 
group of coils. The row of coils is approximately 1/2 of 
the spore length. The angle of tilt is about 60°. Macro-
spores have an increased number of coils (up to 34) of 
identical diameter to coils of tetraspores. The polaroplast 
has two regions of lamellae, anterior ones more closely 
arranged. The polaroplast ends close to the anterior polar 
filament coil. There is one, rather flat, nucleus in the centre 
of the spore. 

Sporophorous vesicle: rounded to ovoid, persistent. 
Episporontal space with persistent, densely arranged, nar-
row, thin-walled tubules. Wider septate tubules, with wall 
of exospore-material, produced during the sporoblas-
togenesis, disappear when the spores mature. 

Host tissues involved: adipose tissue, induces nuclear 
hypertrophy but not syncytium formation. Defense reac-
tion with nodule formation observed in other hosts than 
the type host. 

Type host: Anabolia nervosa (Curtis, 1834) (Trichop-
tera, Limnephilidae). 

Additional hosts: Micropterna lateralis (Stephens, 
1837); and reported by Mackinnon (1911): Limnephilus 
sp. and Anabolia sp. (Trichoptera, Limnephilidae). 

Type locality: the small river Hoje a , close to the 
village of Esarp, Scania, in the south of Sweden. 

Types: holotype (Fig. 17) on slide No. 870713-E-l 
RL, paratypes on slides No. 870713-E-( 1-34) RL. 

Deposition of types: the slide with the holotype, and 
paratype slides, in the International Protozoan Type 
Slide Collection at Smithsonian Institution (Washington, 
DC). Paratypes in the collection of Dr. J. Weiser, Prague 
(Czech Republic) and in the collection of the author. 

Etymology: the species name in honour of Dr. Doris 
L. Mackinnon, Great Britain, who made the first obser-
vation of the species. 
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New Species of Eimeria (Apicomplexa) from Captive Wood Turtles, 
Clemmys insculpta (Testudines: Emydidae), from the Dallas Zoo 
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Summary. A new species of coccidian (Apicomplexa, Eimeriidae) is described from the faeces of captive wood turtles, Clemmys insculpta, 
housed at the Dallas Zoo, USA. Oocysts of Eimeria lecontei sp. n. were found in 4 adult turtles and are ellipsoidal, 28.3 x 15.8 (25.6-32.0 
x 13.6-17.6) pm, with a thin, delicate wall; shape index (length/width) 1.79 (1.52-2.06). A micropyle was absent but an oocyst residuum 
and polar granule were present. Sporocysts were elongate, 19.7 x 5.6 (17.6-23.2 x 5.0-6.4) pm, and possessed a Stieda body; shape index 
3.59 (2.97-4.15). Each sporozoite had spherical anterior and spherical to ellipsoidal posterior refractile bodies. 

Key words. Clemmys insculpta, Testudines, Eimeria lecontei sp. n., Coccidia, Apicomplexa, Eimeriidae. 

INTRODUCTION 

The wood turtle, Clemmys insculpta (LeConte, 1830), 
is a mostly terrestrial emydid of North America that 
ranges from Nova Scotia and eastern Minnesota, south 
to the Virginias; a disjunct population also occurs in 
northeastern Iowa (Conant and Collins 1991). The 
species inhabits woods and farmland meadows, where 
it can be found in both aquatic and terrestrial environ-
ments feeding on earthworms, slugs, insects, tadpoles, 
and wild fruit. Unfortunately, overcollecting and loss 
of habitat have contributed to the decline of this species 
and it is now considered endangered (Lieberman 1993). 

Ernst (1972) summarized biological information on 
C. insculpta and Ernst and Ernst (1977) reviewed hel-

Address for correspondence: S.J. Upton, Division of Biology, 
Ackert Hall, Kansas State University, Manhattan, KS 66506 USA; 
FAX (913)532-6653; E-mail: COCCIDIA@KSUVM.KSU.EDU 

minth parasites. However, little is known of the coc-
cidial fauna harbored by this turtle. Wacha and Chris-
tiansen (1974) described Eimeria megalostiedai from a 
single C. insculpta from Iowa and, more recently, Mc-
Allister et al. (1994) reported an Eimeria pseudemydis-
like coccidian and an undescribed eimerian from captive 
C. insculpta at the Dallas Zoo. Herein we provide a 
description of this latter eimerian. 

MATERIALS AND METHODS 

During April and June, 1993, 4 adult (2 males and 2 females, 
mean±SE carapace length 177.0±15.8,range 148-220 mm)C. insculp-
ta housed in an outside enclosure at the Dallas Zoo were examined 
for coccidia. These animals were donated to the Zoo and, although the 
exact locality where the turtles originated is not known, they are 
thought to have been collected somewhere in the northeastern United 
States. Each turtle was collected from the enclosure and allowed to 
defecate in glass aquaria, then released back into the enclosure. 
Oocysts were then concentrated by flotation in an aqueous sucrose 
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Fig. 1. Composite line drawing of sporulated oocyst of Eimeria lecontei sp. n. from Clemmys insculptci 
Figs. 2-3. Nomarski interference-contrast photomicrographs of sporulated oocysts of Eimeria lecontei sp. n. Bars - 10 |im. Abbreviations: 
OR - oocyst residuum, SB - Stieda body 

solution (specific gravity 1.30). Measurements and photomicrographs 
were taken using Nomarski interference-contrast optics and a calibra-
ted ocular micrometer and are reported in micrometers (|im) as means, 
followed by the ranges in parentheses. Oocysts were 7 days old when 
measured. 

RESULTS 

All 4 turtles were found to be passing unsporulated 
coccidian oocysts. Upon sporulation, these oocysts were 
found to represent a previously unreported species, 
which is described below. 

Eimeria lecontei sp. n. (Figs. 1-3) 

Description of oocysts: oocysts ellipsoidal, 28.3 x 15.8 
(25.6-32.0 x 13.6-17.6) (N=25), with a thin, smooth, 
delicate wall that appeared to be single-layered; shape 
index (length/width) 1.79 (1.52-2.06). Micropyle absent; 
oocyst residuum present, 10.5 x 8.3 (8.0-16.0 x 5.4-11.0) 
(N=20), composed of coarse granules either scattered or 
surrounding vacuolar-like structure; polar granule present. 
Sporocysts elongate, 19.7 x 5.6 (17.6-23.2 x 5.0-6.4) 
(N=20); shape index 3.59 (2.97-4.15). Stieda body 
present, blunt with short filaments; substieda body absent. 
Sporozoites elongate, 15.4 x 2.9 (14.4-16.0 x 2.4-3.4) 
(N=10) in situ, with transverse striations anteriorly. 

Sporozoites lie lengthwise, in opposite directions in 
sporocyst. Each sporozoite with spherical anterior refrac-
tile body, 2.3 (2.0-2.6) (N=10) and spherical to ellipsoidal 
posterior refractile body, 3.4 x 2.7 (2.4-5.6 x 2.2-3.2) 
(N=10). Nucleus located between refractile bodies. 

Type-host: Clemmys insculpta (LeConte, 1830) 
"wood turtle" (Chelonia: Emydidae). An 11 years old 
adult male, carapace length 220 mm, previously housed 
at the Dallas Zoo, died 26 April 1994. This turtle has 
been deposited at the University of Texas at Arlington 
vertebrate collection as No. 938192. 

Type locality: Dallas Zoo, Dallas County, Dallas, 
Texas, USA. 

Type specimens: phototypes have been deposited in 
the U.S. National Helminthological Museum, Beltsville, 
Maryland as USNM No. 84157. 

Site of Infection: unknown. Oocysts recovered from 
feces. 

Sporulation: exogenous. Oocysts were passed un-
sporulated or partially sporulated and completed 
development within 5 days at 23°C. 

Prevalence: 4/4 turtles housed at the Dallas Zoo were 
passing oocysts. 

Etymology: the specific epithet is given in honor of 
Major John Eatton LeConte (1784-1860), herpetologist, 
who described the host in 1830. 
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DISCUSSION 

Although several other species of turtle coccidia pos-
sess filaments arising from the Stieda body, none are 
like those found associated with E. lecontei sp. n. Those 
of E. trachemydis from Trachemys scripta elegans, 
E. filamentifera from Chelydra serpentina, and E. pal-
lidus and E. spinifera from Apalone spinifera are all 
more elongate and filamentous (McAllister and Upton 
1988; McAllister et al. 1990a, b; Wacha and Christiansen 
1979) whereas those of E. somervellensis in Pseudemys 
texana is singular and stout, and resembles Die Pickel-
haube, a spike on a German World War I helmet (Mc-
Allister and Upton 1992). Filaments of E. cooteri in 
Pseudemys texana are also stout, covered by a thin 
membrane, and possess knob-like structures at their ends 
(McAllister and Upton 1989). 

Acknowledgments. This is Kansas Agricultural Experiment Station 
Contribution No. 95-75-J. 
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Summary. Nosema omaniae (Microsporida, Nosematidae) is being described from Omania coleoptrata (Heteroptera, Omaniidae). The 
microsporidium attacks the adipose and nervous tissues and the muscles. All developmental stages are in direct contact with host cells 
cytoplasm and their nuclei are diplokaryotic. The meronts are bounded by a thin electron-dense wall and their cytoplasm contains some 
free ribosomes. The sporonts possess a thick electron-dense envelope and a cytoplasm with abundant ribosomes. The sporoblasts transform 
directly into diplokaryotic spores. Live mature spores measure 4.4±.2 x 2.3±0.3 pm. Their wall is composed of an electron-dense exospore 
(45 nm thick), consisting of an inner electron-dense layer and an outer layer that is less dense, and of a clear endospore about 85 nm 
thick. The polar filament is isofilar with 12 to 13 coils in one rank. The polaroplast possesses an anterior lamellar part and a posterior 
vesicular part. 

Key words. Microspora, Nosema omaniae sp.n., ultrastructure, Heteroptera, Senegal. 

INTRODUCTION 

Explorations undertaken in the Dakar region 
(Senegal) enabled us to find, in Omania coleoptrata 
(Heteroptera, Omaniidae), a microsporidium belonging 
to the genus Nosema Naegeli, 1857. The heteropteran 
hosts were collected from temporary pools. 

Few Nosema of heteroptera have been studied, the 
species reported so far having been examined by light 
microscopy only (Lipa 1977, Sprague 1977). The 

Address for correspondence: B. S. Toguebaye, Laboratoire de 
Parasitologie, Département de Biologie Animale, Faculté des Scien-
ces et Techniques, Université Cheikh Anta Diop de Dakar, Dakar, 
Sénégal; Fax (221) 246318 

present paper describes, with the aid of electron micros-
copy, the microsporidium found in Omania coleoptrata. 

MATERIALS AND METHODS 

Thirteen of the 48 adult specimens of Omania coleoptrata Horv. 
collected from temporary pools of Dakar (Senegal, West Africa) were 
infected with the microsporidium, amounting to a prevalence of 27 %. 
For electron microscopy, fragment of infected hosts were fixed 12 to 
24 h in 2.5 % glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 
7.2 at 4°C and then post fixed for 1 h with 1 % osmium tetroxide in 
the same buffer. After dehydration in ethanol series and propylene 
oxide, the fragment were embedded in Epon and sectioned with 
Reichert-Jung ultramicrotome. Sections were stained with uranyl 
acetate, lead citrate and observed under a JEOL 100 CX II. 
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RESULTS 

Description 

Site of infection (Figs. 1-2) 

Examination of sections of infected hosts revealed 
that the microsporidium develops in fat body (Figs. 1-2), 
nervous tissue and the muscles. These tissues are 
destroyed and replaced by the developmental stages of 
the microsporidium. 

Meronts and merogony (Figs. 3-4) 

Meronts develop in direct contact with the cytoplasm 
of the host cells and their nuclei are diplokaryotic (Figs. 
3-4). They are bounded by a thin electron-dense en-
velope. The cytoplasm contains some free ribosomes, 
and saccules of endoplasmic reticulum. The densities of 
the nucleoplasm and the cytoplasm are similar. 
Merogony is often binary; two diplokarya are first 
produced and then, the plasmotomy (Fig. 4) gives rise 
to two new diplokaryotic meronts. 

Sporonts and sporogony (Figs. 5-7) 

The beginning of sporogony is marked by the struc-
tural transformation of the envelope surrounding the 
meront; small dense vesicles appear on the outer surface 
of the envelope (Fig. 5) and form a thick (about 30 nm) 
electron dense wall. Thus, the sporonts are bounded by 
a thick electron dense wall (Figs. 6-7) which develops 
into exospore of the spore wall. 

Dividing sporonts are common and their nuclei con-
tain spindle plaques made up of an electron-dense pla-
que, closely associated with the nuclear membrane 
which is depressed (Fig. 6). Under this plaque, in the 
nucleoplasm, electron-dense structure, apparently 
chromosomes, are present. Each sporont gives rise, by 
binary fission (Fig. 7), to two diplokaryotic sporoblasts. 

Sporoblasts and spores (Figs. 8-14) 

The sporoblasts are diplokaryotic (Fig. 8). Fixed, they 
measure about 4.8 |im in length and 2.4 |im in width. 
Their surface is irregular and they are more or less 
elongated. Their cytoplasm becomes opaque and con-
tains cisternae of endoplasmic reticulum, free ribosomes 
and early stages of the future polar filament. The wall 
of older sporoblasts is thick and consists of two layers: 
a thick inner electron-dense layer and an outer layer that 
is less dense (Fig. 9). The wall of the future exospore of 
the spore is about 45 nm thick. The sporoblasts evolve 
directly into diplokaryotic spores. 

Young spores (Fig. 10) are elongated. They have an 
immature polar filament and a thin endospore. The 
mature fresh spores are ovoid and measure 4.4±0.2 x 
2.3±0.3 |am. Their wall (Fig. 14) reaches 130 nm in 
thickness. It is composed of an exospore (45 nm thick) 
consisting of an inner electron-dense layer and an outer 
layer that is less dense, and a transparent endospore of 
about 85 nm thick. Near the anchoring disc (Fig. 12), 
the thickness of the endospore decreases to 25 nm. The 
polar filament is isofilar (Fig. 13) and its diameter is 
about 100 nm. It is made up of an anterior rectilinear 
part and of a posterior coiled part with 12 to 13 coils in 
one rank. The polaroplast (Fig. 13 ) possesses an anterior 
lamellar part and a posterior vesicular part. The 
cytoplasm contains numerous free ribosomes forming 
sometimes chains arround the diplokaryon. 

DISCUSSION 

Ultrastructure 

The fine structure of various stages of the species 
described here is typical of other Nosema species (Yous-
sef and Hammond 1971, Colley et al. 1975, Toguebaye 
and Marchand 1984). The only unusual feature observed 
is the structure of the wall of older sporoblast and the 
structure of the exospore. 

Taxonomy 

The microsporidium described here belongs in-
dubitably to the genus Nosema Naegeli, 1857 because 
it is monomorphic, disporous and all its stages are 
diplokaryotic and in direct contact with the host 
cytoplasm cell (Sprague 1978, Vavra et al. 1981, 
Sprague et al. 1992). 

To our knowledge, the following seven species of 
Nosema have been described from heteroptera (Lipa 
1977, Sprague 1977): Nosema adiei Shortt and 
Swaminath, 1924; Nosema bialovesiana Lipa, 1966 ; 
Nosema graphosomae Galli-Valerio, 1924 ; Nosema 
leptocoris Lipa, 1966 ; Nosema nepae Lipa, 1966 ; 
Nosema pyrrhocoridis Lipa, 1977 ; Nosema veliae 
Weiser, 1961. 

Nosema adiei infects the gut, the Malpighian tubules 
and the salivary glands of Cimex rotundatus. Its spores 
measure 3 x 1.7 (am (Lipa 1977). Nosema bialovesiana 
infects the midgut and the fat body of Nepa cinerae in 
Poland. Its spores are uninucleate or binucleate and 
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Figs. 1-2. Light microscopic appearance of Nosema omaniae. 1 - a sectioned fat body with numerous spores of microsporidium (Bars - 30m); 
2 - fat body lobe with spores (Bars - 15 pm) 
Figs. 3-4. Merogony. 3 - meront with one diplokaryon ( Bar -1 pm); 4 - dividing meront (curved arrows) showing two diplokarya (Bar - 1 pm) 

Figs. 5-7. Sporogony. 5 - early sporont. The arrows indicate small dense vesicles on the outer surface of the envelope (Bar -1 pm); 6 -
diplokaryotic sporont with a thick electron-dense envelope. Spindle plaques (arrowheads) are observed. In the nucleoplasm, chromosomes are 
present (Bar - 1 pm); 7 - onset of the binary fission (curved arrow) of the sporont with two diplokarya (Bar - 1 pm) 
Figs. 8-14. Sporoblasts and spores. 8 - sporoblast with one diplokaryon showing an immature polar filament (Bar - 1 pm); 9 -detail of the wall 
of older sporoblast showing two layers: an inner electron-dense layer (IL) and an outer layer that is less dense (OL) (Bar - 0,4 pm); 10 - a 
young spore. It possesses an anchoring disc, an immature polar filament and a thin endospore (Bar - 1 pm); 11 - fresh spores (Bar - 5 pm); 
12 - longitudinal section of a mature spore (Bar - 3 pm); 13 - longitudinal section of a mature spore showing the diplokaryon and the detail of 
the polaroplast (Bar - 3 pm); 14 - detail of the wall of mature spore (Bar - 1 pm) 
Abbreviations: AD - anchoring disc, C - chromosomes, D - diplokaron, EN - endospore, ER - endoplasmic reticulum, ES - envelope of the 
sporont, EX - exospore, IFB - infected fat body, IL - innerelectron-dense layer, LP - lamella polaroplast, OL - outer layer that is less, 
P - polaroplast, PF - polar filament, VP - vesicular polaroplast 

measure 2.8-3.3 x 1.9-2.2 |am. The meronts are 
uninucleate or binucleate and measure 2-5 jam. The 
sporonts are elongated and measure 3-4 jam (Lipa 1977, 
Sprague 1977). Nosema graphosomae was reported 

from Graphosomae italicum. Data concerning the in-
fected tissues and the size of spores were not given 
(Lipa 1977). Nosema leptocoris parasitizes the midgut 
epithelium of Leptocoris trivattus of U.S.A. The meronts 
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measure 24 |um and 1 or 2 nuclei were seen (Sprague 
1977). Nosema nepae parasitizes the midgut, the fat 
body and others tissues of Nepa cinerae in France and 
in Poland. The sporonts have a larger nuclei and darker 
cytoplasm. The spores are polymorphic, either piriform 
or elongated and measure 5-5.5 x 1.5 (im (Lipa 1977, 
Sprague 1977). Nosema pyrrhocoridis parasitizes the 
midgut, the Malpighian tubules, the fate body and the 
hemocytes of Pyrrhocoris apterus. The young schizonts 
are uninucleate and have 2-3 (J.m in diameter. The 
sporonts are elongated and their length is up to 8 jam. 
The spores are diplokaryotic and ovoid. Fixed, they 
measure 3.0-6.0 x 1.8-3.0 (am (Lipa 1977). Nosema 
veliae parasites Velia currens in France. It causes the 
formation of peri-intestinal cysts, then progressive and 
massive infection of fat cells and oenocytes, resulting in 
parasitic castration. The small schizonts measure 1.5 (am 
and the later larger schizonts measure 2-4 \xm. The 
spores are polymorphic. Those seen at Banyuls (France) 
are curved and measure 5.5-7 x 3 |J.m. Those seen at 
Caen (France) are more regularly ovoid. The macro-
spore measure 9-11 |um in length (Sprague 1977). 

None of these Nosema has been described by electron 
microscopy; it is not possible to compare their fine 
structural features. The Nosema species described here 
differs from these seven species by three fundamental 

characteristics: difference in its host organism; size of 
spores; the absence of monokaryotic stages. We believe 
that it is a new species and we propose the name Nosema 
omaniae derived from the generic name of its host. 
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Summary. Two new myxosporidia (Myxozoa: Myxosporea), Myxobolus labeosus sp. n. and Zschokkella cascasiensis sp. n. are described 
from the mesentery of Labeo fimbriatus and the gallbladder of Sicamugil cascasia respectively. The salient features of Myxobolus labeosus 
sp. n. are: small cysts in the mesentery;oval to egg-shaped asymmetrical spore, 8.0-10.0 x 6.5-9.0 pm; two unequal, broadly pyriform 
polar capsules opening convergedly on one side of the spore at truncate sutural surface, 6.0-6.5 x 2.0- 4.0 pm (large) and 3.5-4.5 x 
1.8-2.5 pm (small) and of Zschokkella cascasiensis sp. n. are: disporous trophozoites; oval to ellipsoidal spore, 8.0-10.5 x 6.5-8.0 pm; 
two spherical polar capsules, 3.0-4.0 pm in diam.; coelozoic in the gallbladder. 

Key words. Myxosporea, Myxobolus labeosus sp.n., mesentery, Zschokkella cascasiensis sp.n., gallbladder, Bhery-fishery. 

INTRODUCTION 

During the investigation of parasitic protozoa of In-
dian fish, two myxosporean parasites of the genera 
Myxobolus Btitschli, 1882 and Zschokkella Auerbach, 
1910 (both cited from Lorn and Noble 1984) were 
obtained from two host fish of Bhery-fishery from South 
24-parganas, West Bengal, India. 

MATERIALS AND METHODS 

The host fish were obtained from the Bhery-fishery of South 
24-parganas, West Bengal in frozen condition. All autopsies were 
done on frozen fish in the laboratory. Fresh preparations of parasites 

Address for correspondence: N. K. Sarkar, Department of Zoo-
logy, Rishi Bankim Chandra College, Naihati 743165, West Bengal, 
India 

were studied from wet smears treated with Lugol's iodine (2%) and 
also from air-dried smears stained with Giemsa (1:20) after fixation 
in absolute methanol. Various concentrations of potassium hydroxide 
(2-10%) solution and saturated urea solution were tested for the 
extrusion of polar filament. The India-ink method (Lom and Vavra 
1963) was employed to detect the presence of mucous envelope 
associated with the spore. All measurements were made in microme-
ters (pm). The figures were drawn with the aid of a camera lucida 
(Mirror type). 

OBSERVATIONS 

Myxobolus labeosus sp. n. 

A few small cysts were found in the mesentery near 
the spleen. No developmental stage was observed in the 
ruptured cysts except the spores. The mature spores were 
oval to egg-shaped, asymmetric with rounded ends in 
valvular view (Figs. 1-5) and lenticular in sutural view 
( Fig. 6 ). A few symmetrical spores were also observed 

http://rcin.org.pl



68 N. K. Sarkar 

(Fig. 8). The asymmetrical spores were obliquely trun-
cated anterio-laterally which received the openings of 
both the polar capsules (Figs. 1, 3-5). The suture was 
broad but not ridged (Fig. 6). The shellvalves were 
smooth and moderately thick-walled. The two polar 
capsules were broadly pyriform, unequal in length and 
width, and maintained posteriorly a distance of about 45 
to 90 degree angle between them. The two polar capsules 
opened very closely side by side at the truncate region 
of the spore. The two polar capsules never crossed each 
other. The polar filament of the larger and smaller 
capsules had five to seven and three to five transverse 
coils. The extruded polar filaments were unequal and 
fine, thread-like (Fig. 2). The finely granular binucleate 
sporoplasm in the form of a crescentic mass filled the 
extra-capsular cavity. There was no iodinophilous 
vacuole in the sporoplasm and no mucous envelope 
around the spores. Measurements (based on twenty fresh 
spores from one frozen fish; mean values are in paren-
thesis): 

Spore: length - 8.0-10.0 (9.25); width - 6.5-9.0 (7.62) 
Polar capsule (large): length - 6.0-6.5 (6.15); width -

2.0-4.0 (2.72) 
Polar capsule (small): length - 3.0-4.5 (4.02); width 

- 1.8-2.5 (2.33) 
Infection locus: mesentery associated with spleen 
Incidence: 2/13 (15.4%) 
Pathogenicity: not apparent 
Host: Labeo fimbriatus 
Penod of infection: September to November, 1993 
Locality: South 24-parganas, West Bengal, India 
Material: syntypes on slide no. MzMxb. - 11, 

deposited in the Department of Zoology, R.B.C. College, 
Naihati, West Bengal, India 

Zschokkella cascasiensis sp. n. 

The plasmodia were small, oval to ellipsoidal measur-
ing 20.0 x 16.0 |um (largest). The spore producing 
Plasmodia were disporous with occasional presence of 
unequal spores in these forms (Fig. 9). The mature 
spores were spherical to ellipsoidal with rounded ends 
(Figs. 10, 12-15), rarely with acuminate ends (Fig. 11). 
The two shellvalves were very thin-walled and smooth. 
The suture was thin, strongly S-shaped or elongately 
S-shaped or appeared straight under various views (Figs. 
12-15). The two polar capsules were spherical and equal 
with three to four coils of the filament in each capsule. 
The extruded polar filament was thick and perpendicular 

Figs. 1-8. Spores of Myxobolus labeosus sp. n.: 1 - fresh spore in 
valvular view; 2 - spore with extruded polar filaments; 3 - immature 
fresh spore in valvular view with capsulogenous nuclei; 4 - fresh spore 
in almost surface view; 5 - spore in valvular view; 6 - fresh spore in 
suturai view; 7 - fresh spore in top view; 8 - unusual spore in valvular 
view. 1, 3, 4, 6, 7 - Lugol's iodine; 2, 5, 8 - Giemsa. 

Figs. 9-16. Plasmodium and spores of Zschokkella cascasiensis sp. n.: 
9 - disporous Plasmodium; 10-11 - fresh spores in valvular view; 
12-14 - fresh spores in suturai view; 15 - spore in suturai view; 
16 - spore with extruded polar filament (one). 9-14 - Lugol's iodine; 
15-16 - Giemsa 

to the axis of the spore (Fig. 16). The extra-capsular 
cavity was filled with a binucleate (or uninucleate) finely 
granular mass of sporoplasm. There was no iodinophi-
lous vacuole in the sporoplasm and no mucous envelope 
around the spore. Measurements (based on twenty five 
fresh spores from one frozen fish; means are given in 
parenthesis): 

Spore: length - 8.0-10.5 (9,54); width - 6.5-8.0 
(7.48) 

Polar capsule diameter: 3.0-4.0 (3.36) 
Infection locus: gallbladder 
Incidence: 2/12 (16.67%) 
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Pathogenicity: not apparent 
Host: Sicamugil cascasia (Ham.) 
Period of infection: January - February, 1993 
Locality: South 24-parganas, West Bengal, India 
Material: syntypes on slide No. MxZs - 6, deposited 

in the Department of Zoology, R. B. C. College, Naihati, 
West Bengal, India 

DISCUSSION 

The Myxobolus species described in the present study 
shows similar dimension to Myxobolus crucifilus (Qadri, 
1962) Landsberg and Lom, 1991 and M. seshadrii Lalitha 
Kumari, 1968 (both of them recorded from Labeo 
funbriatus). The asymmetrical spore and a pair of unequal 
polar capsules of the first species are different from the 
symmetrical spore and equal polar capsules of the last two 
species. Among other Myxobolus spp., the spore of 
Myxobolus asymmetricus (Parisi, 1912) Landsberg and 
Lom, 1991 agrees with the present species in having an 
asymmetrical spore. However, the two polar capsules of 
M. asymmetricus are parallel contrary to the strongly 
converging polar capsules of the present species. 
Moreover, the surface at which the two polar capsules of 
M. asymmetricus open is round, while the surface is 
truncate in the myxosporean spore of this study. The 
present Myxobolus species also resembles M. artus 
Akhmerov, 1960 (cited from Shulman 1966) in shape. 
However, the anterior openings of the two polar capsules, 
a few posterior sutural folds and the shape (equilateral 
triangle) of the sporoplasm of the latter species are dif-
ferent from the anterio-lateral openings of the two unequal 
polar capsules, absence of any sutural fold, almost cres-
cent-like sporoplasm and absence of the iodinophilous 
vacuole in the former myxosporean species. Myxobolus 
transovalis Gurley, 1893 and M. orbiculatus Kudo, 1919 
also show similarities with the present species in the shape 
of the spores. The spore of M. transovalis is much smaller 
(6.0-7.0 |im in length) and its spore has two equal polar 
capsules. The spore of M. orbiculatus is narrower (6.5-7.0 
|am) and has two equal polar capsules which differentiate 
the present species from M. orbiculatus. Furthermore, 
M. mesentericus Kudo, 1919 and M. anili Sarkar, 1989 
which have a similar infection locus and thus demands 
comparison with the present Myxobolus species. The 
spores of M. mesentericus and M. anili have different 
shape, larger dimensions (10.0-11.5 x 8.5-9.5 jam and 
10.74 x 8.69 |am respectively) and equal, pyriform and 
smaller polar capsules (4.75 x 1.5-2.0 (am and 4.82 x 

3.03 jam respectively) which are dissimilar to the present 
species. Taking into account these differences with the 
related species, the present myxosporean species is con-
sidered as a new species and designated as Myxobolus 
labeosus sp. n. after the name of its host. 

The other species of the present study has a disporous 
Plasmodium, rounded ends of the spore both in valvular 
and sutural views, spherical polar capsules and extruded 
polar filament perpendicular to the axis of the spore, which 
warrant its inclusion in the genus Zschokkella Auerbach, 
1910. This species resembles either in shape or size 
Zschokkella nova Klokacewa, 1914 (cited from Kudo, 
1919), Z. globulosa Davis, 1917, Z. parasiluri Fujita, 
1927 (cited from Shulman 1966), Z.fossilae Chakravarty, 
1943, L. ilishae Chakravarty, 1943, Z. labeonis Lalitha 
Kumari, 1969, Z. embiotocidis Moser and Haldorson, 
1976, Z. kudoi Moser and Noble, 1977, Z. mugili Chen 
and Hsieh, 1984, Z. chunshanensis Chen and Hsieh, 1984, 
Z. yangkiangensis Chen and Hsieh, 1984, Z. platistomusi 
Sarkar, 1987, Z. gobidiensis Sarkar and Ghosh, 1991 and 
Z. glossogobi Kalavati and Vaidehi 1991, Among these 
Zschokkella spp., spores of Z. labeonis, Z. kudoi, Z. mugili 
and Z. chunshanensis have striated shellvalves and are, 
therefore, different from the present species which has 
smooth shellvalves. Moreover, the spore ofZ. labeonis has 
one end round and the other end pointed and the extruded 
polar filament is parallel to its longitudinal axis while the 
spore of the present species usually has rounded ends and 
the extruded polar filament is perpendicular to its lon-
gitudinal axis. The spore of Z. kudoi is much larger 
(12.0-17.0 x 7.0-11.0 |am) and its sutural line does not 
extend end to end while the spore of the present 
myxosporean has smaller dimension and its sutural line 
extends end to end. The spore of Z. mugili is constricted 
in the middle which is not found in the spore of the present 
species. The spore of Z. chungshanensis is narrower (6.0 
jam in width) than the spore of the present species. Of the 
other Zschokkella spp., faint striations are present on the 
shellvalves of Z. nova and Z. ilishae. Moreover, the spore 
of Z. nova has a constriction in the middle, slightly larger 
but narrower in dimension (8.0-12.0 x 5.0-7.0 (am) than 
the present species while Z. ilishae has a disc-shaped 
Plasmodium and a larger but narrower spore (12.36 x 6.18 
jam) and larger polar capsule (4.26 (am in diameter) in 
addition to the different shape of the spore. Besids, the 
spore of Z. parasiluri (11.0-15.0 (am), Z. yangkiangensis 
(12.0-14.0 x 8.4-10.8 (am), L. gobidiensis (10.0-13.5 x 
6.0-9.0 (am) and Z. platistomusi (10.5-12.5 (am) have 
larger dimensions than the spore of the myxosporean in 
study. Moreover, Z. parasiluri is polysporous, Z. 
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yangkiangensis has fusiform spore, L. gobidiensis has 
spore with thick suture and Z. platistomusi has dumbbell-
shaped to fusiform spore while the present species is 
disporous and its spore is spherical to ellipsoidal with thin 
sutural line. Of the other above mentioned species, 
Z globulosa, Z. fossilae and Z. embitocidis more closely 
resemble the present species in having a disporous Plas-
modium and S-shaped suture of the spores. The spore of 
Z. embiotocidis however, is much larger (13.0-17.0 Jim x 
9.5-13.0 Jim) and possesses pyriform polar capsules which 
are different from the smaller dimension of spore and the 
spherical polar capsule of the present species. The spores 
of Z. globulosa, Z. fossilae and Z glossogobi show 
almost similar mensural data of spores of the present 
myxosporean. But the flattened capsular side of the spore, 
twisted suture on the longitudinal axis and smaller polar 
capsule (3.0 |im in diameter) of Z. globulosa are different 
from the present myxozoan. Similarly, the semicircular, 
narrow spore (4.12-5.18 |J.m) of Z fossilae is different 
from the oval to ellipsoidal, wider spore of the present 
species. The spore of Z. glossogobi is rectangular. Its 
thick-walled shellvalves and smaller polar capsules (1.4-
2.4 |im in diameter) are distinct from the present 
myxosporean in study. Considering the differences with 
the related Zschokkella spp., the present myxozoan is 
recorded as a new species and designated as Zschokkella 
cascasiensis sp. n. after the name of its host. 
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Summary. Based on author's own observations and on literature, the genus Menospora Leger, 1892 is emended, and the genus Levineia 
Kori and Amoji, 1986 is proposed to be a junior synonym of Menospora Leger, 1892. Two new genera Rodgiella gen.n. and Hoshideia 
gen.n. are also proposed to accommodate Ancyrophora ceriagrioni Nazeer Ahamed and Narasimhamurti, 1979 and Odonaticolapolyhamatus 
(K. Hoshide, 1977) Amoji and Kori, 1992. 
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Menospora Leger, 1892 emend.n. 

Leger (1892) instituted the genus Menospora to accom-
modate a cephaline gregarine Menospora polyacantha 
from the midgut of the larvae of Agrion puella. Later, 
M. polyacantha has been recorded from several odonates 
(Geus 1969) without the description of its oocyst. The 
diagnostic features of the genus Menospora as recorded 
by Leger (1892) are as follows: (1) epimerite a large cup 
bordered with hooks (2) long neck (3) sporadin solitary 
(4) dehiscence of gametocyst by simple rupture (5) oocyst 
smooth, crescentic. 

Type species: Menospora polyacantha 
Recently, Sarkar and Haldar (1980) 1982 described 

two new species of Menospora Leger, 1892 namely 
M. enallagmae and M. coenagrii having exactly similar 

Address for correspondence: N. K. Sarkar, Department of Zoo-
logy, Rishi Bankim Chandra College, Naihati 743165, West Bengal, 
India 

features of Menospora Léger except the shape of the 
oocyst which is cylindro-biconical without emending the 
generic character like oocyst smooth, crescentic or 
cylindro-biconical. Later, Kori and Amoji (1986) created 
a new genus Levineia with its type species Levineia 
agriocnema and suggested the following diagnostic 
characters for Levineia-. (1) epimerite cup-like with 
many peripheral sucker-tipped digitate processes (2) 
neck short (3) sporadin solitary (4) gametocyst dehisces 
by simple rupture (5) oocyst cylindro-biconical. 

The reexamination of the diagnostic features of the two 
genera Menospora Léger and Levineia Kori and Amoji, 
1986, reveals the only difference in the shape of the oocyst. 
I, therefore, propose emendation of the generic character 
of Menospora Léger i.e. oocyst smooth, crescentic or 
cylindro-biconical. This amendment is also expressed by 
Théodorids (1993, personal communication). This emen-
dation leads to the perfect taxonomic placement of 
M. enallagmae and M. coenagrii and removes the un-
necessary creation of new genus. As a result, Levineia Kori 
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and Amoji, 1986 becomes junior synonym of Menospora 
Léger, 1892 and the genus Menospora Léger is now 
consisting of the following species: 

(1) Menospora polyacantha Léger, 1892 
(2) M. enallagmae Sarkar and Haldar, (1980) 1982 
(3) M. coenagrii Sarkar and Haldar, (1980) 1982 
(4) M. agriocnema (Kori and Amoji, 1986) nov. comb. 
(5) M. gulbargaensis (Amoji and Kori, 1991) nov. 

comb. 

Diagnosis: Menospora Léger, 1892 emend, n. 

Synonym: Levineia Kori and Amoji, 1986 
Epimerite a large cup or bell bordered with many 

recurvate digitate processes; neck long or short; sporadin 
solitary; gametocyst dehisces by simple rupture; oocyst 
smooth, crescentic or cylindro-biconical; gut parasites 
of Damsel fly (Odonata: Zygoptera). 

Type species: Menospora polyacantha Léger, 1892 
Type host: larva of Agrion puella (Odonata: Zygop-

tera). The genus includes five species. 

Rodgiella gen. n. 

Nazeer Ahamed and Narasimhamurti ( 1979) described 
a cephaline gregarine Ancyrophora ceriagrioni from the 
midgut of a zygopteran odonate Ceriagrion coroman-
delianum (Fabr.). The epimerite of this species is a shallow 
cup placed directly on the sumit of the protomerite. Its 
margin is provided with many inwardly directed digitate 
processes (discoid or globular epimerite with digitate 
processes in Ancyrophora Léger, 1892) which is slightly 
similar with the epimerite of Menospora Léger, 1892. 
Further, the oocyst of this species is biconical with two 
spines at each pole and four equatorial spines two on each 
side of the oocyst (six uniformly distributed equatorial 
spines in Ancyrophora Léger, 1892 and smooth oocyst in 
Menospora Léger, 1892). Thus, this oocyst is unlike of 
Ancyrophora or Menospora. Therefore, a new genus 
Rodgiella gen. n. (after the name of Prof. Rodgi of Gul-
barga University) is proposed to accommodate this 
cephaline gregarine and designated as Rodgiella 
ceriagrioni (Nazeer Ahamed and Narasimhamurti, 1979) 
nom. n. 

Diagnosis: Rodgiella gen. n. 

Epimerite a shallow cup; its margin produced into 
many inwardly directed digitate processes; sessile; 
sporadin solitary; gametocyst dehisces by simple rup-

ture; oocyst biconical with two pairs of polar spines and 
two pairs of equatorial spines - one pair on each side; 
gut parasite of Damsel fly (Odonata: Zygoptera). 

Type species: Rodgiella ceriagrioni (Nazeer Ahamed 
and Narasimhamurti, 1979) 

Type host: Ceriagrion coromandelianum (Fabr.) 
(Odonata: Zygoptera). It includes one species. 

Hoshideia gen. n. 

Hoshide (1977) described a cephaline gregarine 
Hoplorhynchus polyhamatus from the midgut of an 
odonate Munais strigata Selys. While reviewing the 
genus Odonaticola Sarkar and Haldar, 1981, Amoji and 
Kori (1992) transferred H. polyhamatus to the genus 
Odonaticola Sarkar and Haldar, 1981. However, 
reexamination of the original description and illustra-
tions reveal that the epimerite of H. polyhamatus is a 
crown being placed on a very short neck. The crown is 
crenelated below in the form of calyx and a short, 
upwardly directed digitate part instead of inverted cup 
with petaloid spines of Odonaticola. Moreover, the 
oocyst of H. polyhamatus is tetrahedral in nature instead 
of boat-shaped oocyst in Odonaticola and biconical in 
Hoplorhynchus. H. polyhamatus is, therefore, neither a 
member of Odonaticola nor a member of Hoplo-
rhynchus Carus, 1863.1, therefore, propose a new genus 
Hoshideia gen. n. to accommodate this species as 
Hoshideia polyhamatus (K. Hoshide, 1977) nom. n. The 
name of the genus is derived from the name of Dr. H. 
Hoshide. 

Diagnosis: Hoshideia gen. n. 

Epimerite a complex crown consisting of upwardly 
directed digitate part and crenelated posterior part in the 
form of many calyx; sporadin solitary; gametocyst 
dehisces by simple rupture; oocyst tetrahedral; gut 
parasite of Damsel fly (Odonata: Zygoptera). 

Type species: Hoshideia polyhamatus (K. Hoshide, 
1977) 

Type host: Munais strigata Selys (Odonata: Zygop-
tera). It includes one species. 
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