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Synopsis. The morphogenetic processes in dividing and regenerating 
cells of the hypotrichous ciliate llistriculus sp. are described on the 
basis of light microscopic observations by using Protargol stain technic. 
The results presented herein confirm previous inclusion Histriculu~ 

among the genera of Oxytrichidae and reinforce the suggestion o! 
a repressive capacity of the Adoral Zone of Membranelles on the sto­
ma togenes is. 

Morphogenetic processes in ciliates have been subjects of several 
extensive and interesting studies (Jerk a-D z i ado s z 1974) (F ran­
k e 1 1973) (A u f de rh e id e et al. 1980). The application of morpho­
genetic analyses for taxonomic and evolutive purposes has been proved 
to be of great value (Levin e et al. 1980) as in Hypotrichida, in which 
their genera are separated into six families on the basis of their morpho­
genetical pattern (B or r or 1979 a, b). 

Some genera however, are only tentatively placed since available 
morphogenetical data are still fragmentary. In the case of the genus 
HistricuLus, included among the Oxytrichidae on the basis of its 
morphology, the only available data are those concerning the ultrastruc­
tural and biochemical studies during the encystment differentiation 
(Mats us aka 1977) (Mats us aka 1979) (Mats us aka and K i­
m u r a 1981) (Send o and M a t sus aka 1982) (C a 1 v o et al. 1983). 

In the present paper, the morphogenetic pattern displayed by His­
tricuLus sp. cells in both division and induced r egeneration was 
studied by light microscopy on Protargol-impregnated specimens. 
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Mat e rials and M e thods 

One stock of Histriculus sirniLis and one stock of H. muscorum were used for 
this invest igation. Both stocks were isolated from a sample of water collected in 
a small stream located at Puebla del Rfo (Sevilla). 

Cultures were maintained in Petri dishes at 20 ± 1•c in Pringsheim's solution 
and fed dailJ with Chlorogo11ium sp .. autotroph ically grown as previously described 
(G u t i err e z et al. 1983). 

For light microscope observations, samples of growing or regenerating cells 
were fixed and stained with Protargol according to the t echnic described by 
Tu ffr a u (1967) . 

Regeneration was carried out by treating synchronized starved cells with an 
urea solution (30fo (w/v) final concentration} for 30 s. Following this treatment, 
cells were transferred into fresh medium and fixed and stained in 0 min and 
subsequently at 15 min intervals to observe the different stages of the morpho­
genetic development. 

All experiments were performed at room temperature (20 ± 1 •c). 

Results 

Non dividing Corti c a 1 S t r u c tu re. The ventral cortical 
anatomy of H. similis is diagrammatically represented in Fig. 1. 
Trophic cells show an ovoid body, no laterally flexible, of 140-180 ~tm 
long X 60-85 f.!m width. 

The oral region is composed of the Adoral Zone of Membranelles 
(AZM) on the left and two Paroral Membranes (PMs) on the right. These 
two sets of structures converge posteriorly to meet at the cytostome 
(Pl. I 2). The AZM is composed of 35-44 membranelles, each of which 
has four kinetosomal rows arranged as can be seen in Pl. I 3. The re­
mainder of the ventral ciliature is comprised of cirri divided into four 
groups: 8 frontals, 5 ventrals, 5 transverse and 52-58 marginals. 

The dorsal ciliature is composed of six kineties, each with 20-25 
small cilia, and three caudal cirri which are located in the posterior end 
of the body. Four of the kineties are longitudinal rows and the other 
two extend posteriorly from the anterior margin along 1/ 3 of the dorsal 
surface. 

The nuclear structure consists of four macronuclear nodes and a va­
riable number of micronuclei situated near them. 

The above description is in agreement with Kahl's original description 
for Histriculus similis (K a h 1 1932) and later confirmed by B or r or 
(1972) and Cor lis s (1975, 1979). 

Morphostatic cells of H. muscorum possess only two macronuclear 
nodes and their cortical anatomy is quite similar to H. similis cells. 
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Materials and Methods 

One stock of 11 istriculus stmi!is and one stock of H . muscorum were used for 
this investigation. Both stocks were isolated from a sample of water collected in 
a small stream located a t Puebla del Rio (Sevilla). 

Cultures were maintained in Petri dishes at 20 ± t•c in Pringsheim's solution 
and fed dail>· with Clt!orogonium sp .. autotrophically grown as previously described 
(Gutierrez et nl. 1983). 

For light microscope observations, samples of growing or regenerating cells 
were fixed and stained w!th Protargol according to the technic described by 
T u ff r a u (1967). 

Regeneration was carried out by treating synchronized starved cells with an 
urea solution (30/o (w v) final concentration) for 30 s. Following this treatment, 
cells were transferred into fresh medium and fixed and stained in 0 min and 
subsequently at 15 min intervals to observe the different stages of the mtTpho­
genetic development. 

All experiments were performed at room temperature (20 ± 1 •q. 

Results 

Non d i vi d i n g Corti c a 1 S t r u c tu re. The ventral co~tical 

anatomy of H. similis is diagrammatically represented in Fig. 1. 
Trophic cells show an ovoid body, no laterally flexible, of 140-186 ~~m 
long X 60-85 ~~m width. 

The oral region is composed or the Adoral Zone of Membrarelles 
(AZM) on the left and two Paroral Membranes (PMs) on the right. These 
two sets of structures converge posteriorly to meet at the cytos:ome 
(PI. I 2). The AZM is composed of 35-44 membranelles, each of \\:hich 
has four kinetosomal rows arranged as can be seen in Pl. I 3. Tht re­
mainder of the ventral ciliature is comprised of cirri divided into four 
groups: 8 frontals, 5 ventrals, 5 transverse and 52-58 marginals. 

The dorsal ciliature is composed of six kineties, each with 2l-25 
small cilia, and three caudal cirri which are located in the posterior end 
of the body. Four of the kineties are longitudinal rows and the ether 
two extend posteriorly from the anterior margin along 1/3 of the dorsal 
surface. 

The nuclear structure consists of four macronuclear nodes and a va­
riable number of micronuclei situated near thenL 

The above description is in agreement with Kahl's original descrirtion 
for Histriculus similis (K a h 1 1932) and later confirmed by B o r r or 
(1972) and Cor 1 is s (1975, 1979). 

Morphostatic cells of H. muscorum possess only two macronuuear 
nodes and their cortical anatomy is quite similar to H. similis cells. 
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Fig. 1. Schematic diagram or ventral cortex 
illustrating the typical arrangement of the 
ciliature. FC - frontal cirri, BC - Buccal 
C•rrus, AZM - Adoral Zone o! Membranel­
les, I - Inner Paroral Membrane, 0 -
Outer Paroral Membrane, VC - Ventral Cir­
ri, LMC and RMC - le Cl and r t~ht mar­
gmal cirral rows, re~pectivcl). TC - Trans-

verse cirri, CC - Caud .. ll cu-ri 

FC 

189 

P r e f i s s 1 o n C o r t i c a 1 M o r p h o g e n c s i s Smct both spe­
ctes exhibit the same morphogenetic pattern, m thL present pap<. r tlw 
further descriptions will be only referred to H. smutis cells. 

The first event of cortical morphogenesis ~~ sten to occur as the r<.·­
organization bands of the macronuclei have already pass about 1/ t of 
the length of each node. At this time, initiatwn of the Oral Primordium 
(OP) occurs by proliferation of a few kinetosomes which appear at tiP 
left margin of the first transverse cirrus (TC 1) (PI. I 4) These kineto­
somes immediately undergo a dramatic migration toward the cytostomal 
region loosing the continuity with TC 1. (Pl. I 5). The number of kineto­
somes gradually increases and an uniform field in this region is formed 
(Pl. II 6) resulting a fully developed OP. 

The next step is the formation of the Fronto-Ventro-Transverse Pri­
mordium (FVTP) and Paroral Primordium (PP) of the future opisthe. 
As two ciliary streaks extend from the right anterior margin of the OP, 
two ventral cirri disaggregate and the subsequent stringing out of their 
kinetosomcs forms two primordial streaks each (Pl. 11 7). From these 
six streaks, the closest cirral streak to the OP will form the PP and 
the remainder ones will give rise to the FVT system (Pl. II 9). Before 
the kinetosomes of old ventrals are incorporated into the posterior cir­
ral streaks, other cirral streaks are initiated at the anterior region of the 
cell and develop into the new cirri of the future proter. Some parental 
frontal cirri disintegrate and rearrange their kinetosomes into the ci-
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liary streaks in a similar form to that described for the incorporation 
of ventra Is into the posterior field (Pl. II 7). At the same time, the an­
terior end or thL• paroral inner membrane begins to disaggregate giving 
rise to an anarchic field of kinetosomes. 

Simultaneously, the rest of the OP differentiates into membranelles 
by alignement of kinetosomes from the right side of the OP to the lefl 
and posterior end (Pl. II 8). As the cirral streaks, both in proter and 
opisthe, grow in length and width, they break into lobes to form the 
new FVT cirri, transverse cirri being usually the last and largest ones 
(Pl. Ill 11). 

The new Paroral Membranes in the future opisthe arise by arran­
gement of kinetosomes of the PP and the new Buccal Cirrus is originated 
from the anterior end of this primordium. On the other hand, the new 
one in the future proter derives from the right anterior portion of th~ 
"reorgamzing" Paroral Membranes (Pl. Ill 12). 

Shortly after cirra1 segregation from the FVTP, Marginal Cirral Pri­
mordia (MCP) appear asynchronously at four places, always formed 
closely at the right of the preexisting marginal rows (Pl. III 10, 11). 
The::;e primordia develop into long ciliary streaks from kinetosomes ori­
ginated from successively disaggregating parental cirri within each row. 
Subsequent fragmentation of each MCP gives rise to new marginal cirri. 
All old marginal cirri not incorporated into primordia are rcsorbed near 
the completion of the cortical morphogenesis. 

The new cirri formed from each FVTP space out and migrate to their 
final cortical positions as the cell undergoes cytokinests (Pl. lll 13, IV 14) 

The dorsal ciliature derives from old dorsal bristles rows in two sets. 
'I'he first one originates by proliferation of kinetosomes of three paren­
tal dorsal rows (1-3) at two antero-posterior levels to form early 
dorsal primordia (Pl. IV 15). This process occurs while the FVT streaks 
are developing on the ventral surface of the organism. The dorsal pri­
mordia 3 then separate into two segments, each a primordium for a fu­
ture row. The cell thus forms, for both the proter and the opisthe, 
four primordial streaks originating from three original rows (Pl. IV 16). 
Subsequently, the kinetosomes within the primordia proliferate and 
migrate both anteriorly and posteriorly. The posterior region of the 
rows 1, 2 and 4, later become organized in small basal plates which 
give rise to three new caudal cirri in each future tomites (Pl. IV 17). 

A second set of two new kineties for the future proter and opisthe 
are later differentiating from the anterior ends of each new developing 
right MCPs and extends afterwards to the posterior region (Pl. 111 13) 

At the end of the cortical morphogenesis, all old ciliary organelles 
are resorbed after cytokinesis. During the cell constriction, the macro-
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nuclear nodes fuse and fragmcntate mto eight lobes, four of them passing 
to each daughter cell (PI V 18). 

Mo r ph o g c n e s i s of R e g e n c r at i on. The treatment with 
urea results in the removal of the antcromost membranelles of the AZM 
(with par tial or total disorganization of the Paroral Membranes) and 
a variable number of frontal cirri on a morphostatic cell (Pl. V 19). Thl' 
subsequent morphogenesis, which takes approximately 3.5 h, results in 
a complete set of ciliary structures. 

The initial stage in these damaged cells can be seen at one hour 
after treatment and begins with the OP induction in association with 
the TC 1 (Pl. V 20). This kinetosomal fi eld subsequently increases in 
size by kinetosomal proliferation and migrates toward the cytostomal 
reg1on. However, an interesting differ ence with divisional morphogcneSL:i 
can be appreciated, that is, the appearance of a new group of kinetoso­
somes close at the left margin of ventral cirri located near the deve­
loping OP (Pl. V 20). Then, these cirri disaggregate into kinetosomes 
which will become incorporated into the early OP as it continues mi­
gration anteriorly (Pl. V 21). 

Half an hour after initiation, the developing OP reaches peristomal 
vortex and the FVT primordium is formed by proliferation of kineto­
somes from both right anterior region of the OP and two parental cirri 
which dlsintegrate and rearrange their kinetosomes into the cirral streaks 
(Pl. VI 22). This initially anarchic field becomes later arranged into 
five fine longitudinal rows from which new FVT cirri for the regene­
rating cell derive by fragmentation of cirral streaks into the individual 
cirri (Pl. VI 23). 

The Paroral Primordium, formed in a similar fashion as in division, 
differentiates from its right anterior portion a new Buccal Cirrus. Si­
multaneously, the OP, which has organized into membranelles, fuses 
with the remaining parental membranelles following resorption of th~ 
cytostomal portion of the old AZM (Pl. V1 24) . This Buccal Cirrus then 
migrates toward an anterofrontal cortical position and assumes a loca­
tion within the frontal cirri group. 

Marginal Cirral Primordia (MCP) appear simultaneously by disaggre­
gation of existing marginal cirri which are in approximately the san1c 
latitudinal plane as the FVT primordia. These MCP occur about two 
hours after regeneration was induced and elongate afterwards to the 
right of parental marginal cirri as the primordia become fully develo­
ped. Subsequently, the new marginal cirri segregate from the primordia 
and migrate posteriorly and anteriorly along the length of the regene­
rating cell (Pl. VI 24). 

During final stages of this regenerative morphogenesis, healing of 
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the AZM is completed and all new formed undergo c1.rn migration to 
their final posltJOns as old cirn not incorporated into primordia are 
resorbed (Pl. VI 25). 

The maJor future dorsal bristles develop from only three primordia 
which give rise later to four kinetics by fragmentallon of primordium 
of dorsal row 3 into two segments. As the newly formed dorsal rows 
migrate antcnorly and posteriorly along the dorsal surface, the posterior 
ends of the rows 1, 2 and 4 each develops a single caudal cirrus. The 
other two minor dorsal bristles primordia for rows 5 and 6 are derived 
from the anteromost portion of the right MCP of the cell. 

Di sc u ssion 

The morphogenesis of division displayed by Histriculus sp. resem­
bles those patterns described for other genera of Oxytrichidae and 
thus rcmforces its previous inclusion into this group. Thus, the sequence 
of prchssion morphogenesis initiates with the appearance of the Oral 
Primordium adjacent to TC 1 followed by the PPs, the FVT primordia, 
MC pnmordia and dorsal bristle primordia respectively, as a ll morpho­
f'l·netic features shared by oxytrichous ciliates (Martin 1982). 

The mo::;t important d1fference between the morphogenetic pattern 
durmg division and regeneration processes is the participation of some 
V<'nlral cirri in the developing OP in regeneratmg cells. This significant 
alteration of the typical morphogenetic pattern parallel closely the re­
sults described on regenerative morphogenesis in the Oxytrichous ciliates 
Lamentiella acuminata (Martin et al. 1983) and Gastrostyla steinii 
(N i et o et al. 1981), where similarly damaged cells shared an amplifi­
cation of the area of appearance of the OP toward the anterior portion 
of the body. 

The anterior amplification of the slomalogenic area in such regene­
rants, i.e., the participation of kinetosomes derived from several ventral 
cirn into the developing OP, can be explained with the model previously 
postulated by M a r t i n, assuming a repressive effect of the AZM or 
related infraciliature on the stomatogenic area. This effect is lost as 
a consequence of the partial remove of the oral membranelles after the 
treatment with urea and resulting in the participation during the rege­
neration of some preexisting ventral cirri which arc normally not in­
cluded in the stomatogenic area. Such inhibitory action of the AZM has 
been also postulated by Tartar (1961) and IT y vert et al. (1972) in 
Stentor by using microsurgical technics. 
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EXPLANATIONS OF PLATES I-VI 

All f1gures arc Pro!argol stain photomicrographs of Histriculus simiLis. Except 
for Figs. 15-18, each figure is shown with the anterior end at the lop in ventral 
view, \V1lh the viewer's left corresponding to the cell's right 

2 to :i: Morphostatic cells 
2: Partial view of the AZM. Each membranelle consists in lour rows of kincto­
somes. Two of thc~c rows are long and extend for equal distances, the third ~~ 
slightly shorter (large a1·row) and the fourth is the shortest (small arrow). 140, 
3: Frontal cirri and Paroral Membranes. 1100 
• to 16: Succesive division stages 
4: The initmt1on of an Oral Pnmordium (OP), appearing at Je1t margin of the 
f1rst transverse cn·rus (TC 1). 2000 
5: Anterior location of the OP in 1ts ear:y development. 750 
6: Initiall.v unorganized appearance or the OP showing the proliferation of km::-­
tosomes. 520 
7: Early stages o( the formation of the fronto-ventro-transverse primordia (FV'rP). 
Frontal and -ventral cird can he seen disaggregating (large arrows) as two cilim·y 
streaks exknd from the right anterior end of lhe OP (small arrows) . . • 880 
8: The OP 1s organizatin(! into membranelles (large arrow) as the FVTP are de· 
velopin~t into streaks. 950 
9: Full~- developed cirral streaks in a future opisthe showing the formation of t ,,. 
Paror;ll Primord1um <PP). · 2200 
10: Cell at the mitiation of a Right Marginal Cirral Primordia (RMCP> in a fu­
tun? proter. Note the beginning of disaggregation at the anterior end or the pa­
rental Paroral Membranes (arrow). 700 
11: Eorly stages nf segregation of new cirri from the cirral streaks. Mar.~=:inal Cir­
r.:~l Primord1a of both protcr and opisthe are developing at right or parental mar­
ginal rows (arrows). 720 
12: Future proter or the cell shown in Fig. 11. Buccal Cirrus (BC) is seen dirfe­
nmtmting from the nntcrior portion of the PP. 1300 
1:1: Cell after formation of all ciliature derived from the new FVfP. A new 
dorsal kinehes of the future opisthe can be seen sepnrating from the new mar­
ginal cirri Carrowl. 720 
14-15: Migration of new cirri is in progress as the macronuclear nodes fuse and 
then fragmentate. 500 
14: Cell in cytokiHcsis. The arrows pomt to old caudal cirri. '< 500 
15-18: Succesive stages in the development of the dorsal kinetics 
15: Early dorsal primordia both in future proter and opisthe forming w1thin dor­
sal rows l-J. · 750 
16: The primordia originally within row 3 h:we separated into two segments, 
each a primordium for a future row. x 750 
17: Dorsal surface or a cell, prior lo constriction. Note the formation of caudal 
cirri at the posterior end of three ot the four new dorsal rows (arrows) . . -< 600 
18: Dorsal surface or a cell in cytokinesis. Note the resorption o! the old caudal 
cirri (arrows). ' 530 
19-25: Regenerating ccll!-
19: A cell stained immediately after removal of the anterior portion of the cell. 
The absence of several frontal cirri and the anteromost portion oi the AZM can 
be seen. 1000 
20: Early stage in the development of the OP. Note the appearance or new kine­
tosomes close to a ventral cirrus (arrow). , 3500 
21: Incorporation into the developing OP of kinetosomes from disaggregating ven­
tral cirrus (arrow) as it migrates anteriorly. •, 1500 
22: An early stage of the FVTP development as it organizes into regular streak;: 
(arrows). Note the hre~1kdown of a ''cntral cirrus (large arrow). 1500 
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23: The OP migrates toward the resorbing posterior end of the AZM as the 
FVTP is aligned into streaks and the PP is well developed. _.. 1300 
24: Initiation of the RMCP and LMCP by disaggregation of existing marginal cirri. 
The cirral streaks have differentiated into individual crri as the OP has faused 
to the AZM to rcestablish a complete AZM. Note the formation of Buccal Cirrus 
(BC) from tl•e r ight anterior portion of the PP. 1200 
25: Cell near completion of regeneration. At this stage, the new structures arc 
migrat;ng to their final positions as old cirri arc rcsorhcd (arrows). 1500 
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Synopsis. The effects of some !actors (changes in temperature of culti­
vation, quality of applied food, then the influence of starvation, etha­
nol and Tween 40 solutions), which arc capable to modify the physico­
chemical properties of cell surface membrane, on chemosensitivity in 
carnivorous ciliates, Dileptus anser and DidinLUm nasutum towards dif­
ferent phagocytosis inducers, were investigated in vivo. The quantlt,y 
o! specific chemical feeding inducers was found as unequal in diverse 
Diteptus clones. The agents evoking fluidization of the cell surface 
membrane are suggested as modulating the activity o! feeding chcmo­
receptors. Jt is also supposed, on the base of own and other author!> 
findings that altt:rations or feeding chcmosensi\'ity in these ciliates arc 
concerned with adenylocyclase complex. 

Carnivorous Protozoa possess a well developed chemoreceptor system 
responsible for discrimination and estimation of chemical properties of 
their prey (Sera vi n and 0 r 1 o vs k a j a 1972, 1977). With the help 
of elaborated earlier method of chemical food models (CFM) it was pos­
sible to find several inducers of feeding responses engaged in the process 
of the capture and ingestion of food model objects by observed carni­
vorous species. The following compounds are, among others, able to in­
duce the process of phagocytosis: adrenaline, some aminoacids, spermidi­
ne, phosphatidylcholine, phosphatidylethanolamine and some neutral de­
tergents such as Tweens 40, 60 and 80 (Se r a vi n and 0 r 1 o vs k a j a 
1977, S a m ova r and 0 r 1 o vs k a j a 1979, 0 r 1 o vs k a j a 1982). 
Particles of neutral adsorbents, carbon or starch, soaked in solutions of 
feeding inducers are actively eaten by predators. On the other hand, 
however, it was also shown that intensity of ingesting of one and the 
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same type of CFM by one species or clone may be not always alike 
(0 r 1 o vs k a j a and Sera vi n 1978). 

It is known from Il e vi t t' s (1978) work that transduction of cell 
sensibility is growing proportionally to the number of ligandly joined 
receptors. Accordingly to this fact the activity of phagocytic reaction 
should reflect the activity of protozoan chemoreceptor complexes. 

Most of cytoreceplors are closely associated with plasma membrane 
of the cell surface. As it is known from several findings the properties 
of the large group of membrane-bound enzymes depend on physico­
chemical state of the membrane (C u at re cas as 1974, P e r t se v a 
1981). There are such enzymes as: Na+, Ka+-ATP-ase, 5-nucleotidase, as 
well as sarcoplasmic reticulum enzymes: ca+2, Mg+2-ATP-ase and others 
(see R i m o n et al. 1980). 

Lipid composition and microviscosity of the membranes seems to 
be their main physico-chemical characteristic. Recently, as a common 
model object used by "membranologists" in such kind of studies is the 
ciliate, Tetrahymena. The investigations of the last years show that the 
correlation between membrane lipids composition, the level of unsatu­
rated fatty acids determining this composition and probably fluidity of 
Tetrahymena cell membrane can be easy modified in vivo (F u k us hi­
ma et al. 1976, Shimonaka and Nozawa 1977, Thompson 
and No z a w a 1977). Starvation, changes in temperature of cultivation, 
addition to the culture medium of the exogenic fatty acid, or certain 
compounds influencing the cell membrane viscosity (ergesteron, hexa­
decyghcerol, ethanol) effect the alterations in fluidity of membrane li­
pids and, respectively, in activity of the enzymes (T h o m p son et al. 
1972, No z a w a et al. 1974, No z a w a and T h o m p son 1979, S hi­
m on aka and No z a w a 1977, Shim on aka et al. 1978, T h o m p­
s on and No z a w a 1977, Nand in i-K i sh ore et al. 1979, K as a i 
et al. 1981). 

In presented work the effect of agents influencing in vivo on phy­
sico-chemical properties of the cell membrane in carnivorous Protozoa 
and alterating their chemosensitivity towards several inducers of pha­
gocytosis has been studied. In experiments starvation, changes in tem­
perature of the cultures and quality of food, then, the action of ethanol 
and Tween 40 solutions were applied. 

Material and Methods 

The experiments have been carried out on clonal cultures of Dileptus anser 
and Didinium nasutum. Tetrahymena pyriformis was used as a food for them. 
The method o! chemical food models (CFM) was applied as a test of ciliates chc-
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mosensitivity (sec Sera vi n and 0 r l o vs k a j a 1977). The following com­
pounds were used as mducers of phagocytosis: lO-•M cone. of several ammoacids 
(Reachim), 0.20Jo cone. of phosphatidylcholine (Reachim), 0.20/o cone. of phospbati­
dylethanolamine {FGB), 1o-• M c.:<JIIC. of l'J)ermiduw (Sl•rva), 0.5°/n cone. of Tween 
40 (LTB) and water extract of hen liver. 

Feeding response of the animals towards dtfferent CFM types was oh~crved 
on 1 ml volume depression slides where 2~0 specimens together with 0.1 ml o( 
culture medium were placed. Then .. 0 01 ml or earlier prepared CFM was there 
added. The reaction of animals was estimated uftcr 1 h of stay in the presence 
of feeding inducers. The intensity of reaction was ch~\racterizcd by the portion 
of specimens, eating CFM. Every var iant of feeding reaction was repeated 6-9 
times paralelly in experimental and control conditions. The mean number of 
phagocytizing specimens and its standard error were calculated for each variant 
of repeated series. To est imate the level o! probability, Student's statistic method 
was used. 

Observations on Influence of Starvation on Activity of 
Feeding Chemoreccptors in Dileptus anser 

Three clones of D. anser, conventionally called: 10-34 "Bo1Saja izora" and 
EK-1 were used in these experiments. The animals were cultivated as previoush· 
in Prescott solution, at t 2o•c and pH fi.B (P res cot t and Jam e s 1955). Alter 
1 h from the last feeding of Dileptus by Living Tetrahymena the testing feeding 
with CFM took place, then repeated ,\fter each 24 h of starvation (each of these 
testing feedings continued during 1 h) 

Observations on Influence of Various Temperature of 
Cultivation on Feeding Chemosensitivity in Viteptus anser 

The experiments were carried out on two clones: o! D. anser "P" and 24. 
Both of them were cultivated for 7 days in Prescott solution. The temperature 
in experiments was: 11, 17, 2-t and 3o•c, while control animals were kept always 
at 2o•c. Before taking to the experiment all animals were starved for 48 h. Che­
mosensitivity towards five types of aminoacids: serine, methionine, cysteine, a-ala­
nine and threonine, afterwards towards phosphatidylcholinc and solution of Tween 
40 was tested. Observations of food chemosensitivity were made at the tempera­
ture of cultivation. 

Observations on Iniluence of Food Quality on Chemoreceptors 
Activity in Dileptus anser and Didinium nasutum 

Clone 10-34 of. DiLeptus anser and clones 6 to 9 of Peterhof population of 
Didiniu.m nasu.tum were used in these experiments. 

During cultivation Didinium was fed by Tetrahymena pyriformis. To test the 
feeding response every from its four clones was divided to two parts {cultures). 
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The first one started to be fed by Paramecium (culture TP1), the second, by 
TetTahymena as previously !Culture TT1) 1• 

The proper experiment began after 30 days of applying such procedure. 
During long lasting experiments changes of food qual ity were made three times 
in following way: animals from culture TT1 started to receive as a food Para­
mecium (culture TT1P~ and vice versa, these from TP1 were transferred to the 
medium with Tetrahymena (culture TP1T2). Furthermore, with periodicity of 
15-20 days analogical reciprocal changes of food objects in these newly received 
cultures were made. During every change of nutrition quality a part of Didinium 
culture was left as a control, fed in the same way as previously, 12-15 days 
after every change feeding response of Didinium towards "liver•• CFM was tested. 
(Water extract of hen liver was used to prepare so called "liver" CFM described 
in the work of Sera v i n and 0 r 1 o vs k a j a 1977). 

In experiments with Dileptus anser changes of feeding response towards cy­
steine. phosphatidylcholine and "liver" CFM during cultivation the ciliate on nor­
mal, control ('·C") Tetrahymena pyrifoTmis and on phosphatidylcholine ("P") Tetra­
hymena were tested. Special "phosphatidylcholine" stain of Tetrahymena pyri­
formis was prepared a:!ter I r 1 in a and Mer k u 1 ova (1975), by addition to 
common aminopeptide nutrient medium phosphatidylcholine at 10- 6 0/o cone. Strain 
incubated three days in these conditions was applied as food for Dileptus. 

The Influence of Ethanol and Tween 40 Solutions on Feeding 
Chemosensitivity in Dileptu.s anser 

The experiments were carried out on six Dtleptus clones: P-1, 24, K-7, d-2, 
d-20, d-24. The boiled water from river Neva at temperature 2o•c and ph 6.()....6.5 
was used in this case as the culture medium for the ciliates. The animals were 
fed as always by Tetrahymena PliTiformis. Observations of chemosensitivity were 
made on specimens mcubated !or 6 days with ethanol ut concentrations: 5 '< 10-H/o 
and 1.60fo, with Tween 40 of 5 X 10-H/o cone. and on control animals growing 
without these compounds. Inducers of phagocytosis were: 24 aminoacids at 1 X 
10-a Ofo cone., phosphatidylcholine at 0.20/o cone., phosphatidylethano1amine at 
0.20fo cone. and Tween 40 at 0.50fo cone. 

Results and Discussion 

The Influence of Starvation on Activity of Food Chemoreceptors in 
DHeptu.s anser (see also 0 r 1 o vs k a j a and Sera vi n 1978) 

Data received in experiments on the process of phagocytosis induced 
by different types of CFM applied in different stages of Dileptus star­
vation (clone "Bol.Saja izora") are presented in Table l. One hour starved 
animals were nearly not sensitive to anyone type of CFM (reaction 

1 To mark off the type of culture the letter system was used (T - Tetra­
hymena type culture, P - Paramecium type). The adequate cipher indicates the 
ordinal number of every change. 
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Table I 

Tbe influence of :.tnrvali(lO on chemosen~itivity of Dileptus an:;er, clone "Bol~aja fzora" 

1 ime of The number of ~pcc111Kn~ (0 ~ > phugoc~ tizmg C r M ,,r fo llow1ng 
starvation type' : 
(in hour~) C}stcine flhosphntid) letha!l\)lamme T\\<een 40 

R.~ (d 4.2 1.4 0.7 1.~ 

24 5.2.3 7.2 19.8 7.3 36. 1 6.7 
41! 54.5 13.3 45.5 12.7 .62.1 ' 9.9 
72 39.8 7. 7 ~2.2 11.7 42.0 7.9 

96 21.9 10.6 18.0 8.0 10.9..::; 3.4 
J20 10. 1 3.7 6.0 3.4 2.2 ' 0.7 
144 5.0 7.4 0 0 
168 IU 2.3 2.0 1.3 0.5 .l 0.3 

192 5.6 l- 2.2 0 0 ----

lower than 100/o). Phagocytic sensitivity to all CFM types was restored 
after 24 h of starvation. Maximal level of feeding reactivHy was reached 
after 48 h of standard feeding. Increasing period of starvation charac­
terized in decreasing level of all types CFM phagocytosis. On the fif th 
day f rom the beginning of experiments sensitivity of Dileptus to food 
models was completely inhibited. Similar results were get with clones 
of Dileptus 10-34 and EK-1. 

It is known thal during :sta rvation of T etrahym ena pyriformis utill­
zation of membrane proteins and phospholipids is observed. In this si­
tuation appropriate amount of specific for this species neutral llpid, tetra­
hymanol, is growing. That causes the changes in fluidity of Tetrahy­
m ena cell membrane (T h o m p s on and No z a w a 1977, K a s a i et 
al. 1981). It is r easonably to suggest that similar events may take place 
also during the process of starvation in Dileptus anser. The alteration 
in sensitivity to the inducers of phagocytosis reflects, probably, the al­
terations in physico-chemical stage of membrane. 

The Influence oi Temperature on Feeding Chemosensitivity in Dileptus 
anser 

The received results pointed out to specific dependence of DHeptus 
chemosensitivity on the temperature in the cultures. Results of these 
experiments are presented in Table 2. Phagocytosis of all types of CFM 
in clone "P" used here, kept at t 11 °C, was completely inhibited 
(less than 5°/o of feeding response). When temperature in the culture 
was grown to 17°C phagocytic activity of animals also increased up to 
15-20% of specimens towards all examining aminoacids. Reaction to 
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The influence of temperature on phagocytosis of CFM in Dileptus, clone '"P" 

The number of specimens (~u) phagocytizing CFM of following types: 
r• 

Methionine I -j - ~- - ~ I Phosphati--
Serine Cysteine tX-Alanine Threon~n~ Tween 40 . dylcholine 

tt 1.5 .:: 1.5 4.7 .r 2.2 4.5 _3.3 1.5..t l.5 0 0 0 
17 18.9 7.6 22.3 5.9 15.1 _ 4.7 17.6 6.5 21.3 _ 6.1 43.0± 3.7 8.2± 3.0 
24 37.2 9.3 47.8± 5.7 25.7 1 6.7 50.4 _ 5.4 45.7± 9.7 47.H9.7 32.9± 9.3 
30 16.4_t 5.7 26.7 .~.. 9.3 t 8.5 _5.4 35.5 ± 5.1 25.2 8.4 39.2 ± 0.5 14.6± 7.0 

Twcen 40 models was in this case near of its maximal level, i.e., 43.0 ± 
3.7°/n. However, the difference between these two results, received at 
11 and l7°C was statistically not significant. Phagocytosis of phosphati­
dylcholine models in Diteptus kept at t 17°C left on rather low level, 
8.2 ± 3.0%. When they were cultivated at t 24°C their sensitivity to 
all aminoacids and to phosphatidylcholine CFM increased to maximal 
values. Increasing of temperature to 30°C evoked decreasing of sensiti­
vity to all types of CFM. Similar results were observed in experiments 
with DilepLus clone 24. 

Data concerning changes of temperature during cultivation of Tetra­
hymena pyriformis show the influence of these changes on desaturase 
CoA activity, which affects alterations of saturated and unsaturated 
fatty acids, components of membrane phospholipids. That, of course, 
evokes alterations in the cell membrane fluidity (F u k us hi m a et 
al. 1981, No z a w a 1981). Similar facts are also observed in Metazoan 
cells (Ho us 1 e y et al. 1976). May be that such events take place in­
side Dileptus cell membrane as well. Probably for effective action of 
chemical inducer of phagocytic processes an appropriate level of mem­
brane fluidity is needed. Such optimal level, necessary for the work of 
receptor complex has been found when Diteptus clone "P" was culti­
vated at t 24°C. 

The Influence of the Quality of Ingested Food on Chemoreceptors 
Activity in Carnivorous Ciliates, Didinium nasutum and Dileptus anser 

Sensitivity of feeding response towards chemical inducers in pre­
dator species can be largely regulated dependently on properties of in­
gested food . Experiments performed on four clones of Didinium na­
sutum showed that "liver" CFM could be uptaken only in the case if 
animals were fed during cultivation by Paramecium caudatum. Speci­
mens of the same clone growing in the cultures with Tetrahymena py-
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riformis, were indifferent to "liver" CFM. Feeding sensitivity to lhe 
"liver" CFM in the ciliates cultivated in such conditions appeared in 
20- 30 days after change of food objects. This fact has been found in 
longlasting observations, which were carried out during four months. 
Results concerned two paralel lines of clone 8, 1'P1 and TT 1 are pre­
sented in Fig. 1. It is possible to see there that specimens from TP1 line 
uptake easy "liver" CFM. After removing lo the medium with Tetra­
hymena (now already line TP1T2) they lost this sensibility. A part of 

10 30 50 70 90 110 day' 

Fig. 1. Phogocylic reoclion or DtdinnLm rtasutum durm~ chongcs ol food object.>. 
a - Cultures fed ut the be.((inning by Paramecium, b - Cultures fed at the 
beginning by Tetrahymena. 1 - Phagocytic reaction towards CFM in Didmium 
nasu.tum during cultivation on Paramecium, 2 - The same. during cultivation on 
Tetrahymena. Ordinate: percentage of specimens phagocytizing CFM. Abscissa: 

time in days 

such culture was transferred again to the medium with Paramecium 
(line TP1T2P 3) and ability to uptake the "liver" CFM was r estored . 
After the next changing of the food Didinium stopped ingesting of the 
"liver" models again (line TP,T2 P3T4). 

Similar results were received not only in experiments with paralel 
line TT1 of clone 8, but also with all lines of clones 6, 7, 9. 

In experiments with Diteptus anse1· changes in sensitivity towards 
"liver", phosphatidylcholine and cysteine CFM afler 3-4 weeks culti­
vation of this predator in the medium with "normal" ("C") T etrahy­
mena and Tetrahymena reached by phosphatidylcholine ("P") were ob­
served. Received results (Table 3) showed the significant increase in 
sensitivity towards all types of CFM in ciliates growing on "P" Tetra­
hymena line in comparison with these fed by "C" line. 

It is known from the work of T h o m p son and No z a w a (1977) 

2 - Ac ta Protozoal. 2314 



http://rcin.org.pl

204 E. E. ORLOVSKAJA ET AL. 

Table 3 

f-eeding respon'C uf Dill'ptu.s, clone 10-30, cuhtvated C'n "P" and "C" 
'Jdrahy mefla towards dtfTerent l}pc~ of Cl-M 

I The number of specimens phagoc}tizing 
CFM, Y.hen Dileptus ts growtng on : 

' 'C"-Tetrahymem1 "P"-Tetrahymi!IIJJ 
---~~--,.--

.. Liver·• 
Phosphatidylcholine 
Cysteine 

11 .8.± 2.8 
15.4 _7.0 
29.3 l- 7.2 

58.2 8.1 
49.9 10 5 
52.9 J. 7.7 

that addition of exogenic unsaturated fatty acids to Tetrahymena cul­
ture mcdJum effects in fluidity of its cell membrane. Phosphatidylcho­
line 1s one of very 1mportant phospholipid component of the cell mem­
brane. It 1s characterized by accumulation of the greatest number of 
unsaturated bindings of fatty acids. The increase in unsaturated fatty 
acids m the membranes of ciliates modifies the fluidity of their mem­
branes. 

rt is also suggested that greater chemosensitlvity towards CFM in 
two mvestigated predators species simultaneous with changes of food 
quallty, might be evoked by increase in the amount of required che­
morcceptors or by activation the appropriate stages of transduction the 
inside stimulus to effectory structures. Inducable synthesis of chemo­
r eceptors is well-known in other microorganisms (K e s h 1 an d 1979). 
In Tetrahymena the changes in food substrate are known as regulating 
the processes of synthesis of specific enzymes during transcription (R o­
b er t s and M or se 1978). Probably in predator ciliates, the process 
of inducable chemoreceptor synthesis may take place after changing of 
the food quality. This way of chemosensitivity mcreasing with activate 
chemoreceptors of specific types, i.e., joined with qualitative changes of 
receptors activity. Similar alterations may appear also inside the cell 
membrane of Didiniu.m nasu.tu.m when another than normal prey is 
experimentally applied. 

The varied food properties evoke general increase in chemosensiti­
vity of Dileptu.s anser and induces quantitative changes in its feeding 
reaction. 

The modification of physico-chemical properties of membrane of the 
prey may be reflected in membrane composition of the carnivorous ci­
liated protozoan. It should be mentioned that in the earlier publication 
at this theme we gave another interpretation of the similar results (0 r-
1 o vs k a j a et al. 1978). 
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The Influence of Ethanol and Tween 40 on Feeding Chemosensitivity 
in DHepttts anscr 

In these experiments feeding response of DiLeptus towards various 
types of CFM in control and experimental groups was significantly dif­
ferent. In control specimens from six examined clones feeding response 
to cysteine CFM was practically absent (Table 4). After incubation at 

Table 4 

The influence of ethanol and Tween 40 on phagocytosis of cysteine CFM in Dilepi/1S 

Variant 
of 

experiment 

The number ( '}0 ) o f phagocytizing specimens in clones a : 

24 
-----' -- ---
Ethanol 
5 X IQ- 1% 
Tween 40 
5 x t0- 3 % 
Control 

60.6.±-4. 1 

37.4 :1: 18.9 

1.5± 0.7 

d-2 _I_ P-l _I d-24 d-20 -~-K-7 

25.7: 12.2:1.3 
28.4 ·:t:S.l 

43.2 j_ 7.0 52.8-1::9.0 69.6 10.9 

33.3 ....._ 5.5 13.6± 3.2 

u o.1 1 o 
- ------

7.0 2.3 1.4± 1.4 2.0± 1.0 

a Without only clone K-7, the number or phagocyilzlng specimens In aU clones In this 
experiment diUers significantly rrom th at Jn control (P < 0.05) 

low concentration of ethanol (5 X 10- 2 0/o) the process of phagocytosis 
of the cystein models was observed in 50-70% of specimens, while af­
ter stay at 5 X 10- 3 cone. of Tween 40 in 15-40°/o. Clone K-7 seemed 
to be exceptional case. These ciliates were indiHerent to the cystein 
inducer both in the control and in the experiment. It seems interesting 
that the ciliates of this clone tested periodically for 5 years showed 
the lack of sensitivity to cysteine CFM. Their reaction towards other 
CFM types was also enough low, both in control and experimental 
groups (Tables 5, 6, 7). They, however, fed easily "liver" CFM. Positive 
feeding response reached in such case was ea. 700fo of control level. 

Phagocytosis of phosphatidylethanolamine acid Tween CFM in Dilep­
tus from another clones incubated at 5 X 10- 2 Of o cone. of ethanol was 
3-7 times more intensive than in control specimens (Table 5, 6). In 
clones P-1 and "24" feeding response to phosphatidylcholine CFM show­
ed sufficiently significant increase (Table 7). In incubated at 5 X 10- 2 0/o 
cone. of ethanol clones: d-2, d-20 and d-24 sensitivity to phosphatidyl­
choline was not observed. Since all "d" clones derived from one and 
the same population the above data might be explained as a result of 
their common origin. 

Dileptus kept at 1.60fo cone. of ethanol appeared full inhibition of 
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Table 5 

The influence of ethanol and Twecn 40 on phagoc> tosis of phosphatidylethano­
lamine CFM in Dileptus 

Variant 
of 

experiment 

Ethanol 
5 " I0- 2 0~ 

·,----
Tween 40 
5 x J0- 3 % 
Control 

The number ( '}o) of phagocytizing specimens 1n clone.; : 

24 

69.6± 2.6a 

14.3 -!:5.7 

11.0 :!:4.6 

d-20 _I 

63.2± 9.9a 

44.1 ± 7.4 

25.8 +-8.9 

d-24 --~ - K-7 

98.9-= 1.08 

1.9 1.9 

-~- --

18. 1 ± 8.4 

3. 1-::: 1.8 

3.7 -+-2.1 

8 Differs slgnWcamly from control value (P < 0.05) 

Table 6 

The influence of ethanol on phagocytosis of Tween CFM in DileptiiS 

Variant The number(%) of phagocytizing specimens in clones: 
of 

experiment 24 1- d-20 d-24 K-7 

Ethanol 
5 x Jo-• % 85.0± 4.58 34.1 ± 8.38 83.8± 4.53 5.0± 1.68 

--
Control 20.8± 6.8 11.3± 2.5 31.6± 16.0 3.0± 1.4 

a DU!ers slgnlf!cantly trom control value (P < 0.05) 

Table 7 

The influence of ethanol and Tween 40 on phagocytosis of phosphatidylcbohnc CFM in Difeprus 

---
Variant The number (%) of phagocytizing specimens in clones: 

of 
experiment 24 I d-2 I P-1 I d-24 I d-20 I K-7 

I 

Ethanol 
5 x 10-•% 93.2± 2.6a 49.5 ± 8.J 78.8± 5.03 82.9± 12.2 23.5 ± 4.3 J 1.4± 2.3 

Tween 40 
5 x 10- 3 % 76.3± 5.2 41.4± 12.2 55.8± 5.2 - 20.6± 4.9 6.6± 2.6 

Control 62.7± 7.0 62.1 ± 8.4 35.0:t:9.8 68.3± 8.4 13.4± 3.5 6.9± 1.9 

a Dl!fers slgnWcanUy from control values (P < 0.05) 

phagocytosis towards all CFM types. However, these animals ingested 
intensively Tetrahymena, their normal food. This clearly shows that 
1.6% cone. of ethanol does not damage wholly the mechanism of pha­
gocytosis in Dileptus, but involves in deprivation of chemosensitivity 
towards certain inducers of feeding response. 
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Cultivation of any clones of Dileptus anser at 5 X lQ-3 0/o cone. of 
Twecn 40 expressed in increasing of phagocytic activity in relation to 
aminoacids, thoue5h feeding response to phospholipid FCM was not 
changed (Table 6, 7). Similar result were also received earlier (0 r 1 o v­
skaja and Brutkowska 1978). 

Thus, due to the facts received in this work it is seen that sensi­
tLvity of Dileptus lo cysteine and phosphatidylcthanolamme CFM 1s 

stimulated by low concentration or ethanol, while Tween 40 effects 
only on amino1cid rcceptors. Chemorcceptors sensitivity observed in 
ethanol nnd Tween 40 solutions is probably of different character. 

Ethanol effects specifically on animal membranes. When added in 
low concentrations to Tetrahymena culture medium it influences on 
changes in lipid composition and in this way affects fluidity of lhr 
membranes (N a n d i n i-K is h ore et al. 1979). Used at concentrations 
of 1 Ofo effects similarly on the synaptic plasma membranes from the 
brain of rats (Sun and Se a m a n 1980) and on bilaminar artificial 
membranes made from synaptosomal lipids of mice (J o h n so n et nl. 
1980). 1l IS quite probably that also here ethanol acts as a compound 
influencing on the fluidity of cell membrane of DHeptus and evokes 
the increased activation of chemoreceptor complexes 

Tween 40 appears as inducer of phagocytosis in many protozoan 
species (Se r a vi n and 0 r 1 o \' s k a j a 1977). In reaction with phos­
pholipids it occupies competitively the sites of respective receptors and 
in such case no increase 1n chemosensitivity is observed. Reaction of 
Tween 40 with cysteine models shows cumulative effect summarizing 
activity of two receptors: Tween and cysteine. 

All these results confirm the earlier findings concerning the hetero­
genic character of chemoreceptors system engaged in chemosensitivity 
in DHepws anser (0 r 1 o vs k a j a and Sera vi n 1978, 0 r 1 o vs k a­
j a and B r u t k o w s k a 1978). 

Another type of experiments carried out on Dileptus incubated for 
6 days in 5 X 10-z cone. of ethanol and exposed afterwards to 24 dif­
ferent aminoacids, potential inducers of phagocytosis, showed that the 
action of ethanol gives an increase in the number of aminoacids -
effective inducers in comparison with control (see Table 8) . 

From three clones used in these experiments specimens of only 
two: P-1 and 24 were sensitive to aminoacid CFM. Anyone of 24 amino­
acids did evoke feeding response in animals from clone K-7, both in 
control and experimental groups. May be they are devoid of the amino­
acid receptors. 

In control ciliatcs of clone 24 only three aminoacids: serine, threonine 
and methionine gave positive feeding response. In control of clone 



http://rcin.org.pl

208 E. E. ORLOVSKAJA ET AL. 

Table 8 

The influence of ethanol on phagocytosis of aminoacid CFM in Diltptus 

The number (%) of phagocytizing specimens 
Substances induced in CfM In control I After ~n'Zubation in ethanol 

clone P-1 clone 24 I clone P-1 clone 24 

DL-Sermc 84.3 ..!: 6.5 54.2± 13.6 82.3.±. 5.3 40.5± 10.0 
DL-Threoninc 18.7± 2.2 12.7± 3.5 75.6± 6.4 14.3 ± 44.7 
DL-Methionine 39.5 ± 7.5 11.9± 3.8 58.2± 8.5 31.2± 7.1 
L-Cysteine 9.6± 1.9 0 52.8_:_ 9.0 60.6.J; 4.1 
DL-Cysteinc 0 0 J7.0 ~ 4.3 0 
DL-Valine 27.8.± 7.3 0 61.2± 5.6 47.7± 15.0 
DL--x-alanine 43.0± 14.2 0 86.2± 4.1 24.4 L. 5.5 

DL-~-alanine 0 0 34.7 .. 7.8 0 
DL-~-phenyl-:x-alanine 15.4± 3.6 0 59.8 10.4 13.1 ± 5.6 
L-Histidine 0 0 16.6.± 4.2 16.1 :t: 4.5 
L-Arginine 0 0 12.3:r 6.4 0 
Glicyne 0 0 32.3± 6.1 12.5 ± 4.0 
L-Asparagine 0 0 34.3 _ 7.2 0 
L-Glutamme 0 0 17.7- 5.6 0 
DL-Leuc}ne 0 0 54.3 12.6 0 
L-lsoleuqne 0 0 0 0 
DL·lr)ptophan 0 0 26.5 1.: 3.3 0 
DL-Tyrosine 0 0 21.7;r 3.1 0 
L- Proline 0 0 16.6::::. 5.9 0 
DL-Ornttine 0 0 \8.9 7.5 0 
DL-Asparginic acid 0 0 0 0 
L-Giutaminic actd 0 0 0 0 

DL-Lisinc 0 0 0 0 
Ninhydrine 0 0 0 0 

P-1 - seven: serine, threonine, methionine, cysteine, valine, a-alanine 
and B-phenyl-u-alanine. 

Dtleptus of clone 24 incubated at 5 X 10- 2 cone. of ethanol became 
sensitive towards nine arninoacids and of clone P-1 - towards ninteen. 
Aminoacids - inducers for specimens of clone 24 were comprised in­
side the list of these characteristic for clone P-1. Intensivity of "ethanol'' 
DlLeptus reaction towards aminoacid inducers significantly exceeded 
that, what was possible to see in control specimens. (All results are 
presented in Table 8). Ethanol undoubtedly effects strongly an increase 
of sensibility in all arninoacid receptors in Dileptus. 

Increasing in the number of aminoacids - inducers of phagocytosis 
in these experimental conditions, may be explain or, as activation of 
new receptors, or, as alterations in properties of one and the same re­
ceptor existing earlier and functioning in control cells. The impression 
arises that during the action of ethanol changes in character of receptor 
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itsell to recognition the inducer and decreases its ability to selection of 
aminoacids. Thus, in this case some common signs characteristic for 
aminoacids is sufficient to receptor activation. 

It was already suggested earlier that in the cells of carnivorous 
Protozoa the cyclic nucleotides are involved in transduction of feeding 
stimuli from rcceptors to effectors. The intensity of such feeding res­
ponse depends probably on activity of adenylcyclase complex and on 
the level of cyclic AMP inside the cell (Samovar and 0 r 1 o vs k a­
j a 1979). Adenylcyclase activity is closely joined with fluidity of the 
cell membrane and with the composition of phospholipids. Alteration? 
in viscosity of lipids surrounding adenylcyclase modify activity of this 
enzyme (K 1 e in et al 1978). Action of low concentrations of agent 
extending the membrane stimulate activity of adenylcyclase, whereas 
high concentrations of the same compound may inhibit its work (Dip·· 
p 1 e and H o u s 1 e y 1978). It is suggested that activation of adenyl­
cyclase in the first case is evoked due to splitting of physical lipid 
"chain" surrounding enzyme and receptor. The high concentrations of 
the same agent effect translocations of phospholipids surrounding direct­
ly the enzyme and thus inhibit its action. 

All referred above findings are in whole agreement with hypothesis 
concerning participation of adenylcyclase complex in mechanism of pro­
tozoan chemosensitivity and can be mterpreted as following. 

According to contemporary opinions (among them also P e r t se v a 
1981), adenylcydase complex represents at least four properties: recep­
tive, catalizing, coordmating and regulating. Recepting and catalizing 
compounds are swimming freely in lipid matrix of the cell membrane. 
Their cooperation activates catalizatory functions of the whole adenylcyc­
lase complex. Regulating component seems to be GTP. The role of joining 
factor may be concerned, after many authors, with phospholipids sunound­
ing the whole complex. Agents able to decrease viscosity of the mem­
brane like, for example, low concentrations of ethanol and others, make 
possible the quick joint action of receptory and catalizatory compounds. 
This fact might explain the observed in many cases increase of chemo­
sensitivity in predators towards examined inducers of phagocytosis. When 
concentration of ethanol grows to 1.60fo, maximal fluidity of Tetrahy­
mena cell membrane is observed. After incubation of Dileptus in the 
same concentration of ethanol the full inhibition of chemosensitivity is 
observed. The loss of feeding response towards chemical inducers is 
seen after exposition to high temperatures in animals fed before one 
hour. It can be permitted that in these cases phospholipids, surrounding 
adenycyclase, migrate, and thus the activation of enzyme becomes im­
possible. 
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Synopsis. The e!fect of the polypeptide antibiotic, cohstin on the adap­
tation of Tetrahymena pyriformis GL was mvestigatcd. The ciliatcs 
were found to adapt to the contmuous presence of low, nonlethal con­
centrations of the drug in the medium, by means of physiological adap­
tation. Disturbances in the investigated physiological functions of the 
cell, Le., the culture growth phases, the processes of cytokinesis and 
phagocytosis, and the recovery were related to the antibiotic level in 
the culture. It was also proved that the employed colistin concentrations 
d id not produce the synchronization of cell division. Additionally, the 
antibiotic did not seem to affect the c1hary reversal in Tetrahymena 
due to the presence of potassium ions and thus did not reveal the prop­
erty characteristic of detergents. 

The effect of inhibitors of cell metabolism upon eucaryotic organ­
isms, including ciliated protozoa, has been a subject of numerous stud­
ies and many disturbances in the cell cycle and other physiological 
processes have been reported. These are due to the specific character 
of the inhibitor, its concentration and the t ime of action on the one 
hand, and the general physiological status of the cells when exposed 
to the agent, on the other hand (M itch is on 1978). 

The addition of inhibitors of cell metabolism to the Tetrahymena 
culture produces a temporary blockage of physiological functions of the 
cells related to the concentration of the drug with the subsequent re­
activation while still in the presence of the inhibitor. This type of cell 
response has been referred to as "recovery" (Frank e 1 1965), "endo­
genous recovery" (W under 1 i c h and P e y k 1969 b) or "physiolo­
gical, or phenotype adaptation" (N y b e r g et al. 1978). 

Does, however, the ciliate's response to the low concentrations in 
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the medium of agents affecting cell metabolism depend solely on the 
inhibitor employed? Or is it due to the development or triggering of 
some cellular mechanism neutralizmg the inhibitory effect of the drug? 
Studies by K i er snows k a (1981) on the effect upon Euplotes mi­
nuta and ChilodonelLa cucutlulus of cyclohexamide, a substance easily 
penetrating into the cell, suggest that the ciliate's response to the low 
toxm levels might tn fact result from the development or triggering of 
such mechanism. 

In the above studies there were employed inhibitors easily passing 
into the celL However, there are not many papers discussing the ciliate 
response to the compounds which do not directly enter inside the cell 
(Nemeth and Csik 1961, Hayes 1977, R c bandel 1981, Re­
bandel and Karptt1ska 1981, Rebandel et al. 1981, Szab-
1 e w ski 1981, 1982). 

Studies conducted with the use of inhibitors which do not penetrate 
into the cell arc also interesting for other reasons. Our present knowledge 
of substances easily crossing the cell wall suggests that on entering 
the cell, the inhibitors induce or activate some still unknown system 
which either effects or increases the ciliate's resistance to the dl'ug. 
The inactivation of the toxin thl'ough metabolism, e.g., the oxidation­
reduction reaction does not seem likely. It has been suggested that the 
adaptation might be achieved by the production in the cell of some 
macromolecules responsible for lhe modifications in the passage of th~ 

inlubitor into and/or from the cell (F ran k <? 1 1970, Robe r l s and 
0 r i as 1974). Thus, it would be of interest to investigate whether 
a long-term exposure of ciliates to a substance which does not pene­
trate into the cell and additionally affects the permeability of the cel l 
membrane might produce a physiological adaptation-like response. 

Accordingly, colistin was employed in the present study. It is a po­
lypeptide antibiotic acting on the cell membrane. The studies on Pto­
caryota (Few and S c h u 1 man n 1953, Newton 1953, 1954 a, b, 
1955, Se b e k 1967) as well as on eucaryotic cells and phagocytes 
(McKay and Kay 1964, Axline et al. 1967, Jawetz 1970) de­
monstrated that the polymyxins, including colistin, do not enter the 
cell. Through incorporation in the bacterial cell membrane (K u r y I o­
w i c z 1979), colistin changes its structure, increasing simultaneously 
its permeabihty (S e b e k 1967, R u ss e 1 1977) and affecting bacteria 
in much the same way as detergents (K or z y b ski et al. 1977). As 
a result such compounds as purines, roonosaccharides, nucleotides and 
aminoacids are released from the cell (R us se 1 1977). The polymixins 
damage bacterial cell walJ, enhancing the penetration of other antibiotics 
into the cell. The polymyxins have been found to be synergists of 
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ery thromycins and sulphonamides, as they facilitate theiJ' penetration 
(K a w a mat a and N a k a j i m a 1965). 

In the present study the analysis of the findings focused on the 
question whether T eh·ahy mena were capable of phenotype adaptation 
m the presence of nonlethal colistin concentrations in the medium. The 
effect of such drug levels was assayed on the cell cycle the duration 
of cytokinesis, the frequency or cel ls at th1s stage, and the process o[ 
phagocytosis. 

1t was also considered wort hwile to investigate whether the mecha­
nism of colistin effect on T etrahymena cell membrane would resemble 
the mechanism of action of detergents. In the latter case ciliary reversal 
occurs in the protozoa (Bru t k o w s k a et al. 1974, D ry 1 1974). The 
detergent properties of the antibiotic could be established by adding to 
the colistin-containing medium potassium ions at concentrations usually 
leading to the reversal and checking if the cells behave accordmgly. 

To ensw·e the uniform pattern of experiments whereby all changes in 
cell function ar<.> due to the inhibitor added to the culture, the following 
factors should be considered in the case of ciliates: 

( 1) Change in the protozoan environment af ter the addition of anti­
biotic. 

(a) possible change tn pli of thc> medium after the addition oi co­
listin, 

(b) possible changes 111 llsl! anliuiotic activity in the course of the 
experiments. 

(2) Changes in the behaviom of the pr otozoa due to: 
(a) varying sensitivity of the ciliatc!i to the inhibitor in the course 

of their cell cycle (M i l c hi s on 1978), 
(b) varying sensitivity of the cells to the inhibitor in the course of 

their sexual cycle, measured as the number of generations after the 
last sexual process, i.e., conjugation or autogamy (Smith-Son ne born 
and R o d e m a l 1976, W i 11 i a m s 1980), 

(c) varying sensitivity of Tetrahymena related to the cultural growth 
cycle the ciliates were undergoing when the antibiotic was added (Sat i r 
1967). 

In view of the above, experimental conditions were accordingly se­
lected and additional control tests performed. In studies conducted with 
an appropriate cell density of the cultures, i.e., several thousand cells 
per ml, it may be assumed that fractions of the ciliates undergoing par­
ticular phases of the cell cycle are similar and comparable in all cultu­
res used in the experiments (F r a n k e l 1960). The use of the amicro­
nucleate strain Tetrahymena pyriformis CL rules out sexual processes 
and accordingly the observed colistin action should not depend on the 
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age of the cells in their sexual cycle. Since the drug was added when 
the cells were undergoing the same culture growth phase, different sen­
sitivity of the ciliates to colistin related to the growth phase of the 
culture was excluded. 

Material and Methods 

Material and Cultivation 

The organism used in the study was an am1cronucleate strain of the ciliate 
T etrahymena pyriformis GL. The stock cultures were maintained in an axenic 
condition in 20 ml culture tubes, 16 mm in diameter, containing 5 ml of the 
growth medium: 1.5 Gfo proteose-peptone + 0.1 °/o yeast extract (Difco). Water em­
ployed to prepare the medium was three times distilled and deionized. To ensure 
the optimum thermal conditions, the cultures were kept in an incubator at 28°C. 
0.5 ml of cell suspension from the stock culture was inoculated into 5 ml of the 
medium every seven days. The experimental cultures, i.e., with colistin and the 
controls, i.e., antibiotic-free were maintained in 200 ml flasks containing 50 ml 
of the medium, both t.he medium and the temperature being the same as in the 
stock cultures. The exponential growth phase was achieved by transferring 0.5 ml 
or cell suspension from the stock culture into a culture tube containing 5 ml of 
the medium. The tube was kept slanted in the incubator to ensure a better oxy­
gen supply. After 24 h the tube contents were poured into a flask containing 
SO ml of the medium (second inoculation). The third inoculation was performed 
after another 24 h by transferring 5 ml of cell suspension from the second ino­
culation into a flask containing 45 m1 of the medium (experimental culture). The 
experiments were started after 3 h from the time of inoculation. The ctliates 
employed in the study divided asynchronously. 

The Antibiotic Employed 

The antibiotic used in the study was produced by the Polfa Pharmaceutical 
Company at Tarchomin. It is a mixture of colistin A (polymyxin E1) and colistin B 
(polymyxin E2), cf. Fig. 1. Its molecular mass is 1400. Colistin employed in the 
study was the sulphate salt, since it is well soluble in water. As a salt, the anti­
biotic is fairly stable at a pH 2-6, while at a pH above 6 its activity decreases 
(K or z y b s k i et al. 1977). Colistin was added directly to e:~>:perirnental cultures. 

f"2 
DAB - Leu - Leu 

/ R- ~:B-- Tre- DAB- DAB" 

2 Tre - DAB - DAB - NH 
I· 2 
NH

2 
' 

Fig. 1. Chemical structure of the molecule of colistin A and B: colistin A - R = 
isopelargonic acid, colistin B - R = isoheptacarboxylic acid, DAB = diaminobutyric 

acid 



http://rcin.org.pl

ADAPTATION 0~' T. PYRIFORMIS TO COLISTIN 217 

The antibiotic concentration in the culture was expressed as mM/1 (milimole per 
!iter). Following initial exploratory tr ials in the above conditions as well as 
earlier findings (S z ab 1 e w ski 1981), two concentrations of the drug were 
chosen : 0.05 mM/1 ~ 0.07 g/1 and 1 mM/1 - 1.4 g/1, the former being the lowest dose 
which produced disturbances in the mvcstigated physiological functions and the 
latter being the highest antibiotic level which did not cause any cell elimination 
in the exploratory trials. 

The Control Trials to Demonstrate the Uniform Pattern of the Experiments 

(a) the biological trial with naive cells to check the biological activity o.t 
colistin 

Proper concentrations of colistin were added to two flasks containing the 
ciliates, the third one, antibiotic-free, serving as control. After 48 h the cultures 
were filtered and cells from the culture, which was maculated after the lapse of 
48 h, were added to that medium. Thus T etrahymena from both cultures were 
in the same phase of culture growth at the beginning of the experiment. Sub­
sequently, the course of phagocytosis was investigated according to the method 
described under E (Mater ial and Methods), in 45 min and in 3 h following the 
cells' ex-posure to the antibiotic. 

(b) the pH or the medium 

The pH o! the mediUm in the control and experimental cultures was measured 
at the beginning of the experiment and after 24 h with a Radelkis pH-meter, 
a combined glass-calomel electrode. 

Statistical Methods 

The results were compared using the "Two way ANOVA with replication" va­
riance analysis method (So k a 1 and R oh l C 1969) with the confidence level of 
95°/e. The method allows to establish the significance of d ifferences between par­
ticular trials as well as the relationship to the dura tion of the experiment. 

A Detailed Discussion of the Methods Employed 

Due to the na ture of the study, the experiments were mostly conducted in 
the exponential growth phase, particular growth phases o£ the cultures being 
determined according to the criteria developed by M o no d (Sat i r 1967). 

A. The studies on the Rate of Tetrahymena pyriformis GL Cultivation 

Proper concentrations of the antibiotic were added to the experimental cul­
tures 3 h after the inoculation. The time of the drug addition w as referred to as 
0 time point. The cell density, measured on an electronic cell counter was then ea. 
2500 cells per ml. The Increase in the cell count (dV) in particular cultures at a gi­
ven time point was calculated according to the formula 

dV =Vt' 
Vo 

where Ve - density of the culture at a given time point, V0 - density of the 
culture at 0 time point. 

In the first four hours o.f the experiment, beginmng at 0 time point, the 
samples were taken every half hour and in the remaining eight hours, every 
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two hour!>. Since lon,ger observation of the rate of cell cultivation was required 
in the control culture and the one contain ing 1 mM/1 colistin, they were sampled 
to calculate culture densities every three hours between the 12th and 24th hour 
of the experiment, and ever~· four hours between the 24th and 36th hour of the 
cxpenmcnt. 

B. Studie~ on the Duration of Cell Generation 

The expenments were conducted on cells isolated accord ing to the method 
of Frank e I (1965). A single div iding cell with cleavage well visible under 
a s tereoscopic mtcroscope was transferred using a microptpette onto a plate with 
three divisions containing 0.1 ml of growth medium each. After the division one 
of the daughter cells remained m the medtum (control), while the other was 
transferred with a micropipette to the same amount of medium containing the 
antibiot ic. To prevent evaporation, the medium was covered with paraffin oil 
(Frank e I 1965). The obser vation,s usu1g a stereoscopic microscope were carried 
out at 2s•c. The study was conducted on 50 cells. The obtained r esults were used 
to calculate the so-called per cent prolongation according to H ey er and F r an­
k e 1 (1971), employing the following formula 

per cent prolongation = GT!- GTt x 100%. 
GTt 

where: GTt - generation time in a control cell, GT:. - generation tin1e in a cell 
placed in alibiotic-containing growth medium. 

C. Studies on thc Duration of Cytokinesis 

The experunent was complementary nnd it was performed on cells from the 
cuntrol cultures and those maintained for 12 h in 1 rnlVI/1 colistin concentra tion. 

Jsoluted ciliat~s were employed in the study. The cells were placed with 
u micropipette in cups containing 0.1 ml of growth medium without or with the 
antibiOtic. To prevent evaporation, the growth medium was covered with paraffin 
oil. The t ime between the appearance of cleavage and the complete separation 
of cells was measured. The observations, with the use of a stereoscopic microscope, 
were carried out at room tempera ture. The experiment was performed on 20 cells 
from each sample. 

D. The Study on the Cell Fraction Undergoing Cytokinesis 

The time of the addition of the drug was the same a.s in Experiment A. The 
samples wer e taken <Jt 0 h, 0.75 h (45 min), 2 h, 3 h, 4.5 h, 6 h, 9 h, 12 h, 15 h, 
18 h, 21 h and 24 h, the time of sampling being a partial modif ication of the 
system developed by F r a n k e l (1969 a). The specin1ens for Tetrahymena. obser­
vation were prepar ed according to the method of C ha t to n-L w o f f, modified 
by Frank e 1 and H eck man n (1968). Cells with pronounced cleavage, in 
the sixth stage of stomatogenesis were assumed to undergo cytokinesis. The sample 
used to mvest igate this phase of cell cycle comprised 200 ciliates. And optic mi­
croscope with in1mersion was used and the total magnification was 1600 X. 

E. The Study on the Course of Phagocytosis 

In this part of the experiment the number of food vacuoles appearing in 
the cell in the course of absorbing ink suspension (Rotring) diluted with distilled 
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water in the ratio 1 : 100 was counted, the ink being a frequently employed in­
ducer of phagocytosis ( E 11 i o t t and C I em on s 1966, 0 r i as and P o 11 o c k 
1975, R as mu ss en et al. 1975, R as mu ss en 1976). The durat ion of feeding 
was established experimentally as 15 min. Times of addition of the antibiotic and 
of sampling were the same as in the previous experiment. 0.1 ml of ink suspension 
was added to cups placed in an incubator and containing 1 ml of growth medium 
with proper concentrations of the drug and in case of the control, without the 
antibiotic. Eventually the cells were fixed with 0.1 ml of 10°/o formalin solution 
and food vacuoles were counted in 100 cells, employing the magnification of 
320 < 

F. The Study on the Detergent Effect of Colistin on the Cell 

The study concerned the determination of the threshold KC! concentration, 
which produced in Tet rahymena the phenomenon referred to as continuous ciliary 
reversal. Twenty four hours after the second inoculation the cells were washed 
out fr om growth medium by centrifugation. The cil iates were centrifuged three 
times in an electrical centrifuge at ea. 200 rotations per minute. for 5 min. The 
observations started 2 h after the washing. The study was performed in dishes 
with three depress1ons. 

The control sample was prepared and investigated as follows: 0.09 ml oC 
cell suspension was transferred into the depression and 0.01 ml of KC1 solution 
at the proper concentration was added. Concentrations o! stock solutions of KCl 
were 10 times higher than the effective concentration of KCl obtained after 
blending with Tetrahymena suspension. In trials with the antibiotic 0.08 ml of 
cell suspension l- 0.01 ml of stock KCI solution at the proper concentration + 0.01 
colistin at the initial concentrations of 0.5 mM/1 or 10 mM/1 were transferred into 
a depression in the dish. In this way the drug concentration m the sumples was 
10 times lower. Thus it was possible to establish what KC! concentration induced 
a continuous ciliury reversal in at least 500/o of cells. At each session approxima­
tely 15 cells were studied with the aid of a stereoscopic microscope. 

Res ul ts 

The Initial Exploratory Tests 

(a) the biological test on naive cells to demonstrate biological acti­
vity of colistin at 48 h of the experiment 

In t he control sample 45 min (0.75 h) after inoculation 300/o of the 
cells did not take up ink suspension, while t he average food vacuole 
count in a cell was 4.52. Thir ty nine per cent of the Tetrahymena re­
moved from the medium obtained by fil tration of the culture with 
0.5 mM/1 colistin did not absorb ink suspension, while the average food 
vacuole count in a cell was 4.13. On the other hand, lOOOfo of the ci­
liates inoculated in to the growth medium with the antibiotic at a con­
centration of 1 mM/1 added 48 h earlier and then filtered, did not take 
up ink suspension after 45 min. Similar studies performed 3 h after 

3 - Acta P rotozoot. 2.3/4 
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Table I 

Biological tc~t "ith naive cdls. The change in the rate of occurrence of cdls \l.!th a cefinite number 
of food vacuole' at:c( rdmg to coli~tin ccnctntrat1cn ar.d the duratlcn c.f its action. Total number 

Time 

I Control 
45 mm Colistin 0.05 mM I 

Collstm I mM/1 

Control 
3 h Coli~lln 0.05 mM/1 

Colistm I mM I 

n.c. 
100 

ao 

10 

40 

20 

0 
0.75 

of 1nve~tigated cells IGO 

]';umber of food \acuolcs 111 cell 

0123 4 .56 7 8 9 10 

I-, I 
30 4 0 4 4 12 10 8 11 8 8 
39 0 4 0 4 4 I 0 15 

too 1 o o ! o o o o o 
to 4 I 4 
0 ' 0 0 

26 0 I 3 I 5 I 3 I 0 14 10 4 4 
2-l I I 9 I 0 I 3 I 5 16 6 5 0 

90 _ 1 1 5 2 0 0 o ~~ _o 

0 
3 h 0.75 3 h 

F1g. 2. Btologicnl test with naive Tetrahymena cells. The change in the number 
of cells (n. c.) which dtd not absorb ink suspension (A) and the mean number of 
food \'ncuoles (n. f. v.) in a cell (B) according to colistin concentration in the 
medium. 1 - control, 2 - colistm 0.05 mM I, 3 - colistin 1 mM/1. Total number 

of investigated cells - 100 

0 time point demonstrated that 26% of the cells from the control sam­
ple did not develop food vacuoles, while the average food vacuole count 
in a cell was 4.47. In the Tetrahymena cultured with colistin at 0.05 mM/1 
the values were 240Jo and 4.30 respectively and in those cultured with 
the drug at 1 mM/1 90% and 0.28 (Table 1, Fig. 2). 

(b) the effect of colistin and of the duration of the experiment on 
the pH of the growth medium 

The pii of the growth medium with the drug did not differ signi­
ficantly from the pH of the colistin-free medium, whereas the pH of 
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the medium changed only slightly after 24 h. Accordingly, it may be 
said that the differences of ± 0.05 in the pH of the medium do not 
aifect the investigated physiological parameters (S z ab 1 e w ski 1981). 

Basic Results 

A. The Effect of Colistin on the Rate of Te~mhymena cultivation 

The investigations performed demonstrated that the presence of co­
listin in the growth medium effected changes in the rate of Tetrahy­
men-a cultivation. In the control sample culture growth phases were as 
follows: (1) the lag phase (0-1.5 h), (2) the exponential growth phase 
(1.5-18 h), (3) the decelerated growth phase (18-24 h), (4) the stationary 
phase (24 h to the end of the experiment). (See Tabl~ 2. Fig. 3). 

2 

> 
"0 1 
0\ 
0 _. 

4 12 

-1 
----2 
····· · J 

20 28 36 h 

F1g. 3. The rate of Tetrahymena pynformis GL cultivatiOn accordmg to col1slm 
concentration in the medium. For the culture incubated with 0.05 mM. l colislm 
the observation was carried out for 12 h. dV - coefficient of cell mcrcase w1th 

time. Denotations o! control and colistm concentratiOn - see F11~. 2 

With the addition of 0.05 mM/1 colistin to the culture only the lag 
phase was prolonged by ea. 20 min as compared to the control, the rate 
of other phases of TeLrahymena growth being similar to the control 
culture. A variance analysis showed that the differences in the dynam­
ics oi cell cultivation observed during the 12 h of the e~periment in 
both samples were not s tatistically significant. Since a further increase 
in the cell count was assumed to be the same as in the control culture, 
the observations of growth phases in the culture containing colistin at 
0.05 mM/1 were stopped at that time (Table 2, Fig. 3). Additionally, 
a relationship between the alterations in cell density and the duration 
of the experiment was established, the increase in cell count being pro-
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Table 2 

The coefficient of cell count increase with time (dV) and the standard deviation (SO). The density of each culture at 0 time point appeared in 
calculations as 1. For the culture incubated with 0.05 mM/1 colistin the observation was carried out for I 2 h. Time given in hours starting from 

the antibiotic addition 

______ l-o I -2- 1 4 6 

Control 
SO 

Colistin 
0.05 mM/1 

so 
Colistin 

I mM/1 
so 

1.0 I 1.02 1.34 
0.0 0.03 0.15 __ , _ _ 
1.0 1.02 1.36 
0.0 0.05 0.08 

2.12 
0.27 

1.87 
0.27 

1.0 1.00 1.05 1.28 
0.0 0.00 0.04 0.07 

8 

2.97 
0.24 

2.90 
0.31 

1.57 

0.24 

10 

4.32 
0.49 

4.20 
0.57 

1.74 
0.24 

Time in h 

12 I 15 18 I 21 

7. 11 10.90 16.25 19.36 
0.90 0.20 1.66 1.34 

--j-~ 

6.29 
0.82 

2.37 
0.32 

4.10 
1.11 

4.98 
1.20 

7.31 
1.18 

24 

21.00 
1.37 

10.76 
1.88 

28 

22.43 
1.45 

32 

22.84 
1.50 

36 

25.08 
1.66 

13.69 22.96 28.52 
1.68 1.70 1.45 

t-.:) 
t-.:) 
t-.:) 

r 
en 
N 
> 
Cl 
f;; 
~ en 
~ 
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portional to the duration of their immersion in colistin. The correlation 
was statistically stgnificant. 

The addition of 1 mM/1 colistm to the culture produced more pro­
nounced changes in the culture growth phases. The lag phase lasted 
for the first four hours of the experiment, the exponential growth phase 
from th<> 4th to the 32nd h, the decelerated growth phase from the 
32nd to 36th h while the stationary phase began at 36 h (Table 2, Fig. 3). 
A variance analysis demonstrated that the addition of 1 mM/1 colistin 
to the culture effected statistically significant changes in the rate of 
T etrahymena cultivation as compared to the other two samples. Also 
in this culturf' the increase in cell count with lime was statistically sig­
nificant. 

The findings concerning the rate of cihate growth demonstrate that 
after the addition of 0.05 mM/1 of the antibiotic to the population, the 
stationary phase was achieved at the same time and with the s~me 
number of cells as in the conh'ol sample. Prolongation of the Jag phase 
by 20 min did not seem to significantly affect the nchievement of the 
stationary phase by the culture. Al 1 mM/1 of colistin, however, thf' 
stationary phase began with a similar number of cells as in the control, 
but a certain sh ift in time was observed. 

B. The Effect of Colistin on the Time of Generation in T etrahymena 
pyriformis 

In long-term experiments a direct observation of the duration of 
many consecutive cell cycles is not feasible . Accordingly, in the pre­
sent study the observation was limited to the two consecutive cell cycles. 
The time of generation in cells cultured with the antibiotic was found 
to be proportional to its concentration in the medium. 

In Tetrahymena from the control culture the average generation time 
was 3.5 h , the minimum time being ea. 3 h and the maximum time 
ea. 4 h. With the concentration of colistin equal to 0.05 mM/1 the period 
between cell divisions was lengthened by ea. 30 min as compared to 
controls. The per cent prolongation was 14.5°/o. The prolongation of cell 
generation time by ea. 30 min constituted a statistically significant dif­
ference as demonstrated by variance analysis. 

When the drug at a concentration of 1 mM/1 was added to the cul­
ture, the time of Tetrahymena generation was much more markedly 
prolonged. It was 8.5 h on the average, the minimum time being ea. 
7 h and the maximum period ea. 10 h. The per cent prolongation was 
then ea . 1430/o. 

It was also established that the prolongation of the generation time 
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m cells exposed to the two investigated concentrations of colistin con­
cerned only the [irst cell cycle, subsequent cell divisions occurring at 
the rate ~imilar to the one observed in the control culture. 

C. The Effect of Colistin at 1 mM/1 on the Duration of Cytokinesis 

The uuration of cytokinesis in control cells and in those adapted to 
colistin after 12 h of Tetrahymena exposure to the antibiotic was in­
vestigated in the experiment. In control cells the duration of cytokinesis 
avernged 18 min, while in the antibiotic sample it was 19 min. Prolon­
gation of cytokinesis by one minute, i.e .. 5.50/o was statistically insigni­
ficant and within limits of error. Accordingly, it may be assumed that 
the co li~tin concentration employed in the experiment did not prolan~ 
the duration of cytokinesis after 12 h of Tetrahymena exposure to the 
drug. 

D. The Effect of Colistin on the Frequency of Cells in the Stage of 
Cytokinesis 

The studies on the effect of colistin upon Tetrahymena pyriformis 
GL demonstrated that the antibiotic produced alterations in the frc­
q uLncy of cells in the stage of cytokinesis, dependent on the drug con­
centration m the growth medium and the culture growth stage. 

In the control medium the lowest fraction of cells undergoing cyto­
kinesis was observed in the lag phase (3-4%). The number of ciliatcs 
in this stage of cell cycle increased with the completion of the phase. 
The maximum fraction of cells undergoing cytokinesis was observed in 
the exponential growth phase (5-6°/u) and it remained at that level un­
til the end of the experiment (Fig. 4). 

At the 0.05 mM/1 colistin produced a total inhibition of cytokinesis 
after 45 of Tetrahymena exposure to the antibiotic. After 2 h a few 
ciliales (0.5%) undergoing cytokinesis were observed. After 3 h, how­
ever, the fraction of such cells achieved the control level, at which 
it r emained until the end of experiment. The differences in percentage 
between the two samples observed in the period were not statistically 
significant (Fig. 4). 

The addition of 1 mM/1 colistin to the population led to a com­
plete arrest of cytokinesis for three hours from the zero time point. 
Ci1iates with cleavage (1 °/o) appeared after 4.5 h . Subsequently the 
fraction increased to reach the control level, observed after 12 h of 
Tetrahymena exposure to the antibiotic. From that moment on, until the 
end of experiment the number of dividing cells in the investigated 
sample remained at the control level (Fig. 4) . 
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•;, 01 
8 Q2 .J 
6 

2 

0 
15 18 21 2~ h 

Fig. -1 . The percentage of Tetrahymena cells (0/o) undergoing c;tokmesis nccordmg 
to colistin concentrat ion and the experiment duration. With the drug at 0 05 m~'f 1 
in the medium the observation was carried out for 12 h. Denotations of control 
and colistin concentrations - see Fig. 2. Total number of investigated cell ~ - 200 

E. The Effect of Colistin upon the Course of Phagocytosis 

Studies on the uptake of ink suspension by Tetrahymena and the 
formation of food vacuoles r evealed the relationship between the pro­
cess and the antibiotic concentration in the culture as well as the cul­
ture growth phase. 

In lhe control population the number of cells which did not absorb 
in k suspension was highest (ea. 300fo) in the lag phase, the mean num­
ber of food vacuoles and their maximum number in a single cell being 
3.76 und 9 respectively. At the beginning of the exponential growth 
phase a gradual decrease down to ea. 26°/u in the number of ciliates 
which did not take up ink suspension was observed. The mean number 

n .c. 
100 

eo 0 1 

~2 

60 .3 
40 

20 ~ ~[d[d [B 
0 

0 0.75 2 3 4.5 6 9 12 15 18 21 24 h 

F ig. 5. The number of Tetrahymena cells (n. c.) which d id not absorb ink suspen­
sion according to colistin concentration in the medium and the experiment du­
ration. Denotations of control and colistin concentration - see F ig. 2. Total num-

ber of investigated cells - 100 
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Table 3 

The change in 1be rale of occurrence of cells with a definite number of food vacuoles according to 
colislin concenlralion and 1he experiment duralion. Total number of invesligated cells - 100 

e 
i: 
0 
u 

:a 
E 

:9 
0 
.::: 
.~ 
0 
u 

i 
E 

...... 
c 

.~ 
0 
u 

I 

Time 
ID 

hours 

0 
0.75 

2 
3 

4.5 
6 
9 

12 
IS 
18 
21 
24 

0 
0.75 

2 
3 

4.5 
6 
9 

12 
15 
18 
21 
24 

0 
0.75 

2 
3 

4.5 
6 
9 

12 
15 
18 
21 
24 I 

Number of food vacuoles in cell 

--
0 I 2 3 4 I 5 _6___,_7----'.l 8 1 9 1 1 o 

30 
27 
26 
26 
26 
16 
19 
20 
21 
20 
20 
20 

-
29 
68 
26 
22 
24 
19 
16 
18 
21 
19 
21 
20 

32 
98 

100 
90 
74 
66 
54 
34 
25 
23 
20 
18 

3 
4 
4 
2 
I 
0 
5 
2 
3 
2 
3 
6 

5 
4 
0 
0 
4 
0 
2 
0 
2 
3 
4 
I 

4 
2 
0 
2 
6 
8 

18 
12 
7 
4 
4 
3 

4 7 8 12 12 14 8 2 0 
5 4 10 14 11 13 8 4 0 
2 6 12 10 16 10 12 4 0 
0 2 16 14 12 12 12 3 
3 5 10 9 15 10 12 5 4 
6 4 18 12 16 12 6 4 6 
2 8 14 10 16 10 8 6 2 
0 6 18 14 10 12 6 8 4 
3 5 11 12 6 12 12 6 9 
2 8 8 14 16 14 6 4 6 
5 7 9 6 8 14 16 6 6 
3 5 9 10 12 14 7 9 5 

---6~---6~--9--~-12 __ :_1_2-.--1-4~·---4~--3 ,--0--

5 10 10 0 3 0 0 0 0 
10 12 20 12 6 8 2 4 0 
0 10 9 IS 14 16 7 
6 6 3 10 11 19 10 
1 2 4 22 14 18 16 
4 4 14 16 16 14 10 
6 6 12 12 14 12 12 
5 6 8 7 8 14 14 
3 7 7 13 14 16 8 
6 3 8 10 7 10 16 
4 4 10 12 16 18 4 

5 6 9 11 11 14 6 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
4 0 2 2 0 0 0 

4 4 4 2 2 4 0 

6 0 8 6 6 0 I 0 

6 8 6 4 2 2 0 

2 18 10 6 12 4 2 

12 16 16 4 8 2 5 

10 8 8 18 8 6 5 

0 

I 
12 8 12 12 12 8 

5 8 J I 10 13 12 12 

I 

I 

I 

4 
4 
4 
4 
6 
6 
6 

I~ I 
2 
0 
0 
0 
0 
0 
0 
0 
5 
5 
6 
6 

3 
3 
0 
0 
2 
9 
4 
5 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
6 
2 
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2 3 '·5 11 tS 18 

Ot ~2 

21 

.,.,­__ , 

24 h 

Fi~ 6. The a\·erage number of food vacuolcs in the Tetral! 11mena cell ln.f.v.) ac­
cording to colistin concentration m the medium and the cxpcrm1(•nt duration. 
Denotations of control and colistin concentrations - sec Fu~. 2. Total number 

of i:westigated cells - 100 

of food vacuoles in a cell was then 4.22, while their max1mum number 
remained 9. The highest phagocytosis rate could be observed during 

the subsequent culture growth phases. 24.40/o of the cells on the ave­
rage did not take up then ink suspension , while the mean number of 

food vacuoles in a eell was 4.56, their maxunum number being 10 

(Table 3, Fig. 5 and 6). 
With the addition of colistin at 0.05 mM/1 the percentage of cellc; 

which did not develop food vacuolcs increased to 680fo after 45 min of 
exposure, the mean number of food vacuoles decreased to 1.02, w lull' 

their maximum number in a single cell was 6. However , after 2 h of 
exposure to the drug the cells returned to the control level (Table 3, 

Fig. 5 and 6). After 45 min of antibiotic treatment there were no sta­
tistically significant differences in phagocytosis rate between experi­

mentals and controls, apart from the rate of food vacuole formation. 
The addition of 1 mM/1 colistin to the culture produced a signifi­

cant inhibition of phagocytosis after 45 min . Ninety eight per cent of 

the cells did not take up ink suspension and the mean number of food 
vacuoles in a cell dropped to 0.02 with the maximum number being 1. 

After 2 h of exposure to the antibiotic at such concentration phagocy­

tosis was completely arrested. Later, the number of ciliates which failed 

to form food vacuoles gradually decreased, to return to normal limits 

after 21 h (Table 3, Fig. 5 and 6). 
A correlation was also established between the number of food va­

cuoles formed in a cell and the concentration of the antibiotic added 
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to the cullure (Fig. 7): the higher the colistin concentration, the smaller 
the number of food vacuoles formed. It is necessary, however, to con­
sider the discrepancies between the above findings and the observations 
presented in Results (a). However, in the case of the biological test on 
naive cells, the ciliates were exposed to thl! antibiotic immediately after 
inoculation, \Vhile in the other experiment 3 h elapsed between the 
inoculation and the addition of colistin to the culture. Accordingly, in 
the two experiments, cells were undergoing different growth phases 
when exposed to the drug. Such a conclusion may be confirmed by tht> 
relationship between phagocytosis in Tetrahymena and the culture growth 
phase, demonstrated in part E of the paper. 

n o. 

"l 
50 I 
25 

20 

01 

15 
E;'l2 .3 

10 

5 

0 
0 2 3 5 6 7 8 9 10 n .f.v 

Fig. 7. The average number of Tetrahymena cells (n. c.) with a definite number 
of food vacuoles (n.!.v.) according to colistm concentration m the m:!dium. Deno­

tations of control and colistin concentrations - sec Fig. 2 

F. The Study on the Detergent Properties of Colistm 

The antibiotic at both concentrations used in the study did not seem 
to produce changes in the threshold KCl concentration leading to con­
t inuous ciliary reversal in Tetrahymena (Table 4), since the dtfferences 
in the number of controls and experimentals undergoing ciliary reversal 
were not statistically significant. 
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T.1blc 4 

The percentage of cc Ill>" ith ct,ntinuou- cihJry rc,er,al accurding to KCI and cola~tin concentrations 
in the medium 

Conccntrat•on' Clf K<..l Per cent Clf cell' in continuous ciliary revcr~al 

•n mM I Control C<•lt,tin 0.0.5 mM colistin I mM 

3 

4 

5 

b 

0 0 

0 0 

2.71 4.44 

23.33 23.33 

67.77 <>!!.RS 

82.22 lU.33 

Discussion 

0 

0 

0 

21.11 

56.66 

71.11 

The rGsults of the studies on the action of colistin on Tetrahymena 
pyrzfonms GL presented above demonstrat"d the abthty of the ctliates 
to surv1ve m the presence of certam antlbiollc concentrations for longer 
periods of time. The phenomenon SL'ems to bt• due to the protozoan ca­
pability to adapt to the conditions markedly different from these oc­
curring in nature. The analysts of findings reveals that TPtrahym enll 
adapt to the changes in the medtum through phys10log1cal adaptation 
A s1milar response of such c1liates has been observed also w1th othc>r 
tnhibllors of cell metabolism (F r a n k P 1 1965, 1969 b, 1970, G a v i n 
and Frankel 1966, Mazic1 and Z e uthen 1966, Ra s mu ssen 
and Zeuthen 1966, Ro sc nbaum and Carlson 1969, Wun­
d er li ch and P eyk 1969 b, Roberts and Orias 1974, W ang 
and 11 o o p e r 1978). 

The adaptation of Tetrahymena to the continuous presence of colistin 
in the mediUm by means of physiological adaptation is confirmed by, 
among other facts, the results of studies on changes in the rate of their 
growth following the add1tion of colistin to the culture medium. At 
0.05 mM/1 the process of adaptation progressed fairly qu1ckly, while at 
1 mM' l the change in the rate of growth in the investlgated sample as 
well as the return to the control level took much more time. It should 
be remembered, however, that the cells used in the experiments divided 
asynchronously. Accordingly, some of them, being at the stabilization 
point in the cell cycle, did not respond to the presence of colistin in the 
medium and completed the stage of cytokinesis revealing their response 
to the drug not earlier than the next cell cycle. After the complete 
adaptation of Tetrahymena to colistin through physiological adaptation. 
the growth rates in experimentals and controls were the same. It must 
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be also kept in mind that the prolongation of the first generation time 
effected by the inhibitor add1tion to the culture medium is related to 
its concentration. 

The frequen cy of cells undergoing cytokmcsis decreases followm::: 
the addition of colistin to the culture medtum. Subsequently, however, 
the number of orgamsms in th1s stage of cell cycle graduall> increases, 
to reach eventually thl control level. The phenomenon might suggest 
that: 

(1) If the physiological adaptation is a two-stage event, the phases 
of stomatogcnests and cytokinesis begm in the first stage and they 
occur at a slower rate than in cells from inhibitor-free cultures. In the 
second stage the investigated physiological functions would achieve the 
same rate as in tl1C' rontrol cultures. 

(2) If, on the other hand, the physiological adaptation 1s a one-stage 
Pvent developing according to the principle of all-or-none, then a gra­
c.iual mcreasc in the number of cells undergoing cytokinesis mtght be 
due to l h<> asynchrono us divisions of the ciliat es and shifts in the cul­
ture growth phases as compared to the controls_ 

The first concept is negated by the findings concerning the duration 
of cytokinesis, which was not affected by colistin at concentrations em­
ployed. Also alterations m thC' time of TeLrahymena generation pro­
duced by colistin took place only in the first generation. 

Since Tetrahymena cease to form food vacuoles approximately 20 min 
prior to div1s1on (Chapman-Andresen and N1 l sson 1968), and 
since cell divisions are asynchronous, a gradual increase in the number 
of food Yacuoles in the cell might be explained m the following way . 
The ciliatcs from the antibiotic-containing growth medium were e ither 
in the first cell cycle if exposed to colistin before the stabilization point, 
or in the second cell cycle if the exposure occurred after this point. 
However, the phagocytosis rate characteristic of lhe control population 
was achieved after all the cells had adapted to the presence of colistin 
in the medium. A shift in the growth phases of the antibiotic-containing 
culture as compared to the control also plays a s ignificant role in this 
case. 

The findings concerning ink suspension uptake after 2 h of Tetra­
hymena exposure to 1 mM/1 colistin might suggest the damage of the 
ciliates' oral apparatus by the antibiotic. This in turn could produce 
a complete arrest of phagocytosis, similar to the one observed by 0 r 1 a s 
and P o 11 o c k {1975). Were this assumption correct the uptake of ink 
particles by the cells would occur much later, possibly during the fol­
lowing cell cycles. However, the results obtained in the present study 
seem to indicate that the disturbed course of phagocytosis in Tetrahy­
mena produced by colistin at the concentration of 1 mM/1 might be 
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related merely to the funchona l changes in the oral apparatus. Also, 
colistin does not seem to produce physical and chemical changes in the 
medium capable of arresting phagocytosis, as the absence of macromo­
lecules in the culture medium was earlier proved (R as mu ss en 1973) 
to inhibit the process. In such case food vacuoles would not ~1ppear fol­
lowing the addition of the antibiotic to the cultw·e during the entm: 
experiment. On the other hand, the present ~tudy appears to confirm 
the observations by other authors (R as m us se n and K 1 u d t 1970, 
R as mu ss en and M o clew e g-II an se n 1973), who claim that in 
Tetrahymena cytokinesis is a process relat<'d to phagocytosis. Only in 
specific conditions the cell growth and division can occur without pha­
gocytosis {R as mu ss en and 0 r1 as 1975). 

Although the actual nature of adaptation remains unknown, the sug­
gested explanations focus most ly on the development or triggering of 
some mechanism diminishmg the effect of the particular inhibitor. Thus, 
Tetrahymena adaptation may be due to un increase in the physiological 
activity of a particular system susceptible to the given inhibitor. In the 
case of adaptation to cycloheximide, the theory seems to be confirmed 
by the following facts: 

(1) The presence of numerous copies of a given gene or genes in 
the macronucleus; the DNA amount in the Tetrahymena macronucleus 
is 45 times as great as the DNA tontt•nt of the haploid set of five chro­
mosomes of the micronucleus (A 11 en and N ann<: y 1958). 

(2) An inctease by ea 200/u in the average content of macronuclear 
DNA in the Tetrahymena cell observed prior to the start of division, 
with cycloheximide continuously present in t.he medium {Wan g and 
Hoop er 1978). 

(3} The occurrence of the additional S phase in the Tetrahymena 
macronucleus in the conditions inhibiting and delaying cell division such 
as actinomycin D shock (C 1 e f I man n 1968) and high temperature 
shock (S c herb a u m et al. 1959, II j e 1 m and Z e ut hen 1967). 

In the case of a long-term action of low concentrations of cell meta­
bolism inhibitors upon Tetrahymena, there may appear a cell or cells 
which are either more resistant or totally unsusceptible to the substance 
employed in the experiment. Due to such a genetic change or mutation, 
the cells will multiply more rapidly and thus their "offspring" will do­
minate over other cells, producing in effect a differentiation of the po­
pulation according to the cells' susceptibility to a given inhibitor. As 
far as the physiological adaptation is concerned "domination'' of the 
culture by the resistant cells cannot be considered, since: 

(1) the arrest of cell division may last shorter than the mean gener­
ation time in cells not treated with the inhibitor; 

(2) the time necessary to duplicate the culture after the completion 



http://rcin.org.pl

232 L, SZABLEWSKI 

of the lag phase may be almost the same as before the addition of the 
inhibitor. 

On the other hand, due to a specific structure of the macronucleus 
m cilintes (N ann e y 1980), the long-term effect of the inhibitor might 
reveal the presence of resistant cells resulting from the increased num­
ber of gene copies in the macronucleus. However, with long-term action 
of low, non-lethal doses of the inhibitor the probability of a positiv~ 

selection of a resistant macronuclear (somatic) variant seems slight 
(Kiersnowska 1981). 

Studies employing an agent such as colistin, which changes the per­
meability of cell membrane, do not supply sufficient evidence to elu­
cidate the mechanism responsible for the adaptation of the protozoan 
cell to the continuous presence of the drug in the mediUm. The fmdings 
demonstrate, however, that Tetrahymena are capable of the same phy­
siological adaptation when exposed both to the agents easily penetrating 
into the cell and to the ones unable to cross the cell membrane, although 
with some inhibitors, e.g., puromycin (Frank e l 1967) either adap­
tation does not occur or the process is incomplete, as when actinomy­
cin C is employed (J a u k er 1970). This results from the stable bind­
mg of particular chemical molecules in the cell by the inhibitors. Still, 
the presented examples are an exception rather than a rule in the pro­
cess of physiological adaptation. K i er snows k a's suggestion (1981) 
that the ciliates' response to the continuous presence of cell metabolism 
inhibitors in the medium is their specific feature, depending on th.: 
occurrence in the cell of certain mechanisms neutralizing the inhibitory 
effect of the drug seems highly probable. Such type oi adaptation may 
develop in all cells and the mechanism responsible for the resistance to 
a given inhibitor appears to be triggered in all cells simultaneously, 
irrespective of the cell cycle phase a given organism is undergoing. 

Synchronized phases of cell cycle may appear in the presence of the 
inhibitor only when the developmental processes run a nearly normal 
course in all stages of the cycle, except one, the most susceptible criti­
cal phase. Two critical stages may be distinguished in the cell cycle, 
the transition from the G1 phase to SoNA and the moment immediately 
prior to cell division (N a c h t we y and G i e se 1968, M itch is on 
1977, 1978). The continuous presence of colchicine or colcemid in the 
medium leads to the inhibition of living processes in Tetrahymena un­
dergoing the most sensitive stage of the cycle, while cytokinesis remains 
unaffected by the substances (W under 1 i c h and P e y k 1969 a, b) 
and the process of physiological adaptation allows their synchronous 
emergence from the phase. Ne l se n (1970), on the other hand, proved 
that colchicine "pushes" Tetrahymena into the phase of resorption of 
differentiating oral kineties for the posterior daughter cell when they 
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are most susceptible to the inhibitor effect. Thus, the course of the 
cortical division morphogenesis is temporarily arrested. Subsequently, 
the cells resume the process of morphogenesis, but the divisions are 
continued without the cells "entering" the stage of rcsorption. If co­
listin had actually effected the synchronized cell divisions in Tetrahy­
mena, the number of cells undergoing cytokinesis would have been sig­
nificantly greater than in control cullures. No accumulation of cells un­
dergoing any particular stage of cell cycle was, however, found m any 
cultural growth phase following the antibiotic addition, especially when 
the lag phase had been completed. Accordingly, it may be concluded 
that the employed colistin concentrations did not effect synchronization 
of cell division. The conclusion is confirmed by the time of ciliates' ge­
neration. The differences in the duration of generation in ciliates from 
the same culture are due to the differenL durations of cell cycles in 
particular asynchronously dividing cells (Smith and Martin 1974). 

Besides, colistin does not seem to exert the effect typical of many 
detergents, i.e., il does not modify the duration o[ ciliary reversal ef­
fected by potassium ions, as no difference was established in the thre­
shold KCl concentration producing continuous ciliary reversal between 
controls and cells exposed to the antibiotic. 
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Synopsts. Parastasia caudata sp. n. (EuglC'nula) mhab· ling gut of co­
pe pods from small water bodies from the environs of Warszawa and 
Leningrad, is described. The life cycle of this parasite has been in­
vestigated, the trophozoites, palintomic division and flagellate forms 
are described and compared with other representati\•es of the genus 
Parastasia. Presence of the stigma in both parasitic and free living 
stages is found to be a characteristic feature of the new species as 
well as formation of the flagellum by the parasites just after leaving 
host gut, casting 1t off before palintomic division and reconstituting 
after the division. Before formation of the Clagcllum the parasites move 
in water in the sam e manner as in the host gut (metabollc motiOn). 
F lagellate forms, swimming in water. elongate and form a characte­
r istic tai l. Post-divisional flagellate specimens swim quickly m a char­
acter istic manner due to a very long flagellum, three times longer 
than the body. 

Investigations on parasitic flagellates inhabiting copepode gut are 
still furnishing new data. Despite many papers dealing with this sub­
ject (Mi c ha j lo w 1964 a, b, 1965, 1966, 1972, P a 1 i en k o 1982 a, b, 
Wit a 1978 a, b, 1984, Wit a and S u k h an ova 1983) new species 
are still described and new properties of their biology are recognized. 

In the present paper the new species, Parastasia caudata sp. n . is 
described as well as its original life cycle 1• 

1 The pape r was partly done in Laboratory of Unicellular Organisms of In­
stitute of Cytology of t he USSR Academy of Sciences, Leningrad. 
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Material and Methods 

The new species, P. caudata was found in plankton collected from a small 
pond near Warsaw in spring and summer 1978 and in summer 1979. The same 
species was found also in summer 1980 and 1983 in copepods from a pond near 
Leningrad. The copepods were surveyed ahve. The parasites, taken out of the 
gut or emerging spontaneously from the gut, were cultured individually m a drop 
ol water in a humid chamber on the objective slide in room temperature. lnda­
vidual cultures allow to survey a sequence of changes 111 these protoz.oans during 
their life cycle. 

In the environs of Warsaw the following copepods were found to harboUI P. 
caudata sp. n.: Eucyclops serrulatus (Fischer), Acanthocyclops viridis (Jurine) and 
.Mesocyclops leuckarti (Claus) - the main host of this parasite. In the environs 
of Leningrad P. caudata was found in Acanthocyclops viridis (Jurine), A. bise­
tosus (Rehb.), A . vernalis (Fischer), Macrocyclops fuscus (Jurine), M. albictus CJu­
rine), Mesocyclops le'uckarti (Cluus) and Eucyclops serrulatus (Fischer). 

In Poland the prevalence of P. caudata was low - only a few per cents of 
copepods were infected, and the intensity of infection reached from 1 to 13 spe­
cimens per host. In USSR the prevalence and the intensity of infection were vuy 
low (only 1-3 protozoans per host), frequently single specimens of P. caudata 
were found in the gut, sometimes together with P. fennica. In both territories 
the parasite was more frequent in female cyclops. The parasites inhabited the 
whole gut. Usually in one copepode the parasites of different size were observed. 

Description of the gpecies is based mainly on living protozoans. Cytochem­
ical investigation on this species will be a subject of unother publication. L ivmg 
protozoans were measured in the moment or maximum elongation of the body 
(relaxation) during their forward movement (metabolic motion during creeping on 
lh!! substratc or swimmmg with the aid of the flagellum). 

Results 

Description of the Species. Life Cycle 

Trophic and Pre-Divisional Phase 

Trophic specimens oi P. caudata sp. n . (Fig. 1) are spindle shaped, 
with rounded anterior and tapered posterior end prolongating into 
a "tail". In transverse section the body is rounded. Young trophozoites 
as well as mature ones living in the gut do not have a flagellum and 
move due to metabolic movements opposite to peristaltic movements of 
the copepode gut. 

The smallest specimens found in the gut, probably\ shortly after 
being swallen by the host, were 30 llm long and about 10 !!ID wide, the 
longest were about 120 llm long and 20-25 llm wide. Most frequently 
specimens measuring 60-80 J..lm were observed. 

Development of the parasite in the host gut lasts 8-10 days. During 
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this time the protozoan does not divide but intensively feeds and stores 
paramylon used later during free life in water. 

After leaving host intestine an ailagellate specimen of P. caudata 
moves further performing metabolic movements characteristic of the 
Parastasia species. When creeping on the substrate the protozoan elon­
gates and the contraction runs down along the longitudinal body axis, 
causing the forward movement of the protozoan. During the contraction 
1 or 2. rarely 3, swellings appear simultaneously on the body. 

,(. ' 
,• 

:_.: 
•! 

Fig. 1. Trophozoite of P. cau.data sp. n. just after leaving host gut 

One to two hours after leaving host gut in the anterior body part 
a flagellum about 60 !liD long (equal to the body length) (Fig. 2 a) is 
formed. The flagellum is directed posterior forming an arch, sometimes 
a loop formed by it may be seen. Even quite small protozoans may pro­
duce the flagellum after emerging from the host gut. Just after the 
flagellum being formed the protozoan ceases creeping on the substrate 
and begins to swim in a characteristic manner (Fig. 2), only rarely pro­
ducing metabolic swellings. The flagellate swims along a broken lin~ 

rotating simultaneously around the body axis; the anterior, more mobile 
body end performs oscillatory movements and the tail acts as a rudder. 
Formation of the tail by swimming specimens is a characteristic feature 
of the described species. The tail is usually blunt but sometimes may 
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be tapered. It ts 20-30 pm long but the length may change during me­
t abolic movements. 1t is transparent due to lack of paramylon grains 
inside. Sometimes, the flagellate stands upright with the posterior end 
based on the ground; the tail takes part in fastening of the protozoan 
to the substrate. Generally however, the flagellate form does not attach 
to the substrate. Smaller specimens, measuring about 60 J.Lm, swim more 
quickly than larger ones measuring about 100 flm. The latter may e lon­
gate even up to 150 ftm. 

a b 

Fig. 2. P. caudata sp. n., a specimen 2-3 h after leaving host gut 

The pellicle of the flagellate bears subtile spiral stripes diificult to 
observe in light microscope. It is e lastic, enabling great changes of the 
body shape. 

The cytoplasm of swimming specimens circulates and grains of pa­
ramylon gather mainly in the anterior portion of the body (Fig. 1). 

In the anterior body part there is an opening leading to a canal 
dilating into an oval reservoir about 7 !lm in the diameter, especially 
well visible during metabolic movements when the anterior body part 
is elongated. The reservoir is accompanied by the contractile vacuole 
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exhausting the content to it in every Iew seconds. Near the reservoir, 
but opposite to the vacuole, n pale pink bacilliform stigma composed 
of small granules is situated. It measures 1.5-2.0 I' m in length and 1-
1.2 t-tm in width. After swimming some time in water the stigma be­
comes more intensively pigmented. No chromatophores and pirenoids 
have been observed. 

As the size and :shape of grains are concerned the paramylonium is 
differentiated. The largest oval grains are 3-3.5 f.tm long and 2 11m 
wide. Other ones are 2-3 f!m long and 1.5 ltm wide. Sometimes they are 
almost sphaerical. In elongating specimens the grain::; are grouped main­
ly m the anterior part of the body. 

Sphaerical nucleus, about 6 11m in the diameter, with central nuc­
leolus visible in lighl microscope, is situated in the posterior half of 
the body. It may be sl ightly shifted onwards or backwards during me­
tabolic movements. 

Reproductive Phase 

About 24 h after leaving the host gut mature specimens cast off the 
flagellum, attain sphaerical shape and begin to divide by palintomic di­
vision, the whole time performing metabolic movements. Premature 
specimens, get off from the gut, produce Ilagellae and swim energicnll 
during 2-3 days. After that time they cast off the flagellum and begin 
to divide but frequenlly the division is not complete and post-divisional 
flage11ate forms are not producrd. Artrr some time these protozoans be­
come dead. 

Palintomic division lasts usually 24 h. the successive divisions occur 
in 5-6 h intervals. They mr~y be unequal, giving the offspring o( dif­
ferent size, provided with the stigma but wtthout the flagellum. The 
offspring form fairly loose aggregations. Sometimes the descendants of 
the first division separate completely while those of the successive di­
visions rest loosely aggregated. The fission rate is not the same in all 
specimens, it seems to depend on the stage of matu1·ity of the protozoan 
emerging from the host gut. Three, sometimes four, palintomic divisions 
result in production of 8 or 16 descendant individuals (Fig. 3 a, b, c, d) 
which creep out and transform into flagellate forms called post-division­
al flagellates, different from those formed by lrophozoites. 

The post-divisional flagellate forms measure usually 15-20 ~tm by 
4-5 11m (Fig. 4). Some specimens measuring 20-28 X 10 !Am were also 
observed. The size of the post-divisional forms depends on the size of 
the parental cell and mainly on the number of divisions undergone by 
parental individual. A thin flagdlum grows out on the anterior body 
end; it measures about 60 !Am and is about three times longer than th~ 
body. Flagellate specimens are provided with the stigma. Sometim<.s, 
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Fig. 3. Palintomic division of P. caudata sp. n .; a-d successive stages of palintomy 

in specimens resulting of the Ist or the Ilnd division, some stigmae may 
be seen in t he cytoplasm, not only in the anterior body end. The cyto­
plasm contains some or several small paramylon grains of different size. 
Sphaerical nucleus measures 5-6 J.tm in the diameter. The post-division­
al flagell ate specimens swim quickly in a characteristic manner due 
to proportionally very long flagellum. During swimming its body is 
flattened and twisted and bears also a swelling similar to that pro­
duced by metabolic movement. Sometimes a metabolic wave runs along 
the body, especially when the flagellate stops. These flagellates do no l 
attach to the substrate. In unfavourable conditions (e.g., drying) they 
lose the flagellae and begin to creep on the substrate performing meta-
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bolic movements. They are very delicate and quickly die. Post-division­
al flagellates live 2-3 days, sometimes only 1-2 days, and die ii not 
swallowed by cyclops. They fell down to the bottom, attain sphaerical 
shape, loss the flagellum and undergo vacuolization. They die after 
2 days. 

F ig. 4. Post-divisional flagellate form of P. eau­
data sp. n. 

In experimental conditions the life span of P. cau.data sp. n., from 
the moment of emerging from the host gut by the trophic stage to the 
death of the flagellate form, lasts 5-6 days (1-3 days for divisions, 
2-3 days of life of the flagellate form). The whole life cycle of the 
described species lasts 13-16 days (8-10 days of the trophic stage, 
5-6 days of the reproductive stage). 

Discu ssi on 

Morphological features of the trophic and flagellate forms of the 
described species, as well as the course of the life cycle, allow to allo­
cate it within the genus Parastasia Michajlow, 1972. However, this 
species differs clearly from all up to date described Parastasia species 
(Mic ha j low 1972, Pal i en k o 1982 a, b, Wit a 1978 a, b, 1984) 
so it is described as a new one, P. cau.data sp. n . 

The characteristic feature of P. cau.data sp. n., beside the presence 
of the tail, is formation of the flagellum two times in the life cycle -
by specimens emerging from the host gut and after palintornic division . 
The most similar in this respect is P. macrogranu.lata Wita, 1984 which 
also forms the flagellum just after leaving host gut but retains it during 
the whole free life, including the period of palintomy. Other species 
produce the flagellum after pa1intomic division. Formation of the fla­
gellum just after leaving host gut is usually regarded as abnormal, being 
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lhe most frequently observed in immature trophic specimens taken out 
of the host gut. 

P. caudata sp. n . ts charactenstlc by the presence of stigma during 
the whole life cycle, in trophic as well as in flagellate form. Until now 
the stigma has been described in trophozoites of P. hanoiensis (Mich.) 
(M i c ha j 1 o w 1964, 1972), P. sophiensis (Mich.) (M i c h a j l o w 1965, 
1972) and in trophozoitcs and flagellate specimens of P. uc1·ainica Wita 
(Wit a 1978) and P. macrogranulata Wita (Wit a 1984). 

Out of all described species of the genus Parastusia P. caudata sp. n. 
is the most similar to P. macrogranulata (Wit a 1984) and P. hanoiensis 
(Michajlow 1964). 

In comparison with P. macrograrzulata lhe trophic form of the new 
species has larger body dimensions while the flagellate forms are simi­
lar. This may be the r esult of greater number of palintomic divisions 
undergone by P. caudata. In flagellate and post-divisional flagellate 
forms of P. cauda.ta the flagellum is much longer than in P. macrogra­
nulata. The paramylon grains are more numerous but haH as large as 
in P. macrogranttlara and even in specimens spontaneously leaving host 
gut they do not fill tightly the cytoplasm as in the case of P. macro­
granulata. Moreover, the paramylon grains in P. caudata are most fre­
quently oval while larger grains of P. macrogranulata have various shapes 
(sphaerical, oval and other). Smaller number of paramylon grains 
tn P. ca.udata than in other species causes greater transparency of its 
body in comparison with P. macrogranulata and P. fennica. Both spe­
cies, P. macrogranulata and P. caudata. differ greatly by the structure 
of the trophic and the flagellate forms as well as by the course of the 
life cycle, longer in P. caudata. Moreover, some differences may be ob­
served in the character of motion of the flagellate forms. 

P. c:audata differs from P. hanoiensis (Mich.) (Mic ha j 1 o w 1964, 
1972) by greater body dimensions of mature parasitic stage and less 
numerous paramylon grains, although similar in shape and size. The 
nucleus of P. caudata is about 2.5 times smaller than the nucleus oi 
P. hanoiensis. The latter species may also form a tail but smaller than 
in P. caudata. A common feature of both compared species is occurrence 
of the stigma of similar dimensions in the parasitic stage. However, in 
post-divisional flagellate form of P. hanoiensis the stigma was not ob­
served. 

The flagellate forms oi P. caudata are almost twice as large as the 
corresponding P. hanoiensis stages and have twice as long flagellum. 
They are, however, very similar in shape being flattened and twisted. 
Also the nucleus of the post-divisional flagellate of P. caudata is twice 
as large as the nucleus of P. hanoiensis. The common feature of both 
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species is that flagellate specimens swim in water after leaving the 
parental aggregation and do not attach to the substrate. The life cycle 
of P. caudata lasts two times longer than in P. hanoiensis although 
P. caudata undergoes only 3, sometimes 4 palintomic divisions while 
P. hanoiensis bears 5 divisions resulting in production of 32 offsprings. 
The post-divisional specimens of P. caudata form usually a loose aggre­
gation while P. hanotensts form a kmd of a ocolony". 

As it has been mentioned above the trophozoites of P. caudata form 
the flagellum after leaving host gut and cast it off before palintomic 
division. In P. hanoien.sis the specimens taken out of the host gut form­
ed also the flagellum, their body elongated attaining spindle shape 
and formed a transparent tail. These specimens, similarly as those of 
P. caudata, stopped metabolic motion and performed progressive and 
rotatory movements with the aid of the flagellum. But in contrast to 
P. caudata they did not divide. 

ACKNOWLEDGEMENTS 

The authoress expresses her sincere thanks to the Head of the Laboratory 
of Unicellular Organisms, Institute of Cytology of the USSR Academy of Sciences, 
Member of Academy Prof. dr. J. I. Poljansky Jor making it poss1ble to work in 
that Laboratory and Prof. dr. K . M. Sukhanova Cor help in carrymg out the 
present study and m preparing the manuscript. 

REFERENCES 

F I z e A. and Mic he l R. 1972: Ultrastructure d' Astasia fennica Michajlow 
(Euglenida) parasite du tube digestif de Copepodes Cyclop1dae. Protistolo­
gica 8, 143-153. 

M i c ha j l o w W. 1964 a: Astasia hanoiensis n. sp. (FlageLlata) from the mlestine 
of Copepoda and its lite cycle. Bull. Acad. Pol. Sci., Cl. 11, XII, 7. 313-317. 

M i c h a j 1 o w W. 1964 b: Astasia norvegica sp. n. (FlagelLata) , parasite of some 
species of Cyclopoida (Copepoda) in Norway. Acta parasit. pol., 12, 339-355. 

M ic ha j 1 o w W. 1965: Astasia bulgarica sp. n. and Astasia sophiensis sp. n. 
Euglenoidina parasitica found in Bulgaria. Acta parasit. pol., 13, 7-17. 

Mic ha j 1 o w W. 1966: Astasia fennica sp. n. (Euglenoidina) a parasite of some 
copepod species from the environs of Helsinki (Finland). Bull. Acad. Pol. 
Sci., Cl. II, XIV, 6, 439-442. 

Mic ha j low W. 1972: Euglenoidina Parasitic in Copepoda. An Outline Mono­
graph, PWN. 

P a I i e n k o L. P. 1982 a: Parastasia oligomera (Protozoa, Euglenoididae) - no­
vyj vid evglenoidid iz ki~ecnika ciklopov. Vest. Zool., Kiev, No. 1, 77-79. 

P a I i en k o L. P. 1982 b: Parastasia breviflageUata sp. n . - novyj vid evglenoidid 
(Protozoa, Euglenoididae) iz ki§ecnika ciklopa Eucyclops serrulatt48. Vest. 
Zoo!., Kiev, No. 3, 78-80. 

Wit a I. 1978 a: Parastasia ukrainica sp. n. (Euglenoidina), a parasite of Copepoda 
in water bodies of the environs of Kiev. Bull. Acad. Pol. Sci., Cl. II, iXXVI, 
7, 489-494. 



http://rcin.org.pl

24.6 I. WITA 

W it a I. 1978 b: Parastasia kieviensis sp. n. (Eugtenoidina) parasite of some 
Copepoda from the Ukraine. Bull. Acad. Pol. Sci., Cl. 11, XXVI, 8, 555-560. 

Wit a I. 1984: A new flagellate species Parastasia macrogranulata sp. n. (Eugle­
nida) parasitizing Copepoda in the environs of Leningrad. Acta parasit. 
pol., 29. 

W 1 t a I. and S u khan ova K. M. 1983: Studies on the biology and cytology 
of Parastasia fennica (Michajlow) (Flagellata, Eugtenida), a parasite of the 
intestine of cyclopidae (Copepoda). Acta Protozool.. 22, 55-70. 



http://rcin.org.pl

ACT A PROTOZOOLOGICA 
Vol 23, No 4, pp 247-253 (l984l 

Etude sur les Thecamoebiens du mesopsammon 

DIDIER CHARDEZ 

Laboratotre de Zoologie G~nerale et de Faunistique, Faculte des Sciences Agro­
nomiques de l'Etat, Gembloux, Belgique 

Received on 30 January 1984 

Synopsis. Dans ce travail, nous etudions l'in!lucnce du milieu sur la 
morphologic des populations thecamoebiennes du psammon supralittoral 
et nous envisageons l'hypothese de schemas phylogenetiques partiels. 

Au cours de nos etudes sur le mesopsammon des plages de la mer du 
Nord en Belgique, nous avons constate, que de nombreuses especes for­
mant les populations thecamoebiennes de cc type de biotope, avaient des 
mensurations senstblement reduites par rapport aux memes especes de­
crites d'autres plages et que lcs tres petites cspeces sont toujours plus 
abondantes. 

Il est certain que le fascu?s granulometriquc du substrat joue un role 
dans la proliferation des especes tres petites. 

Dans cette etude, nous avons recense la population thecamoebienne du 
mesopsammon d'une plage, ou la diversite specifique est assez grande 
pour donner une idee de !'importance du substrat sur !'association des 
especes et sur leurs ctimensions. 

Materiel et methode 

Plusieurs echantillons ont ete preleves dans un rayon de 3 m, sur une plage 
a Oostende; a 2 m des vagues a maree hautc et 30 cm de profondeur. Chaque 
echantillon consiste en 100 cc d'eau contenant environ 30 gr de sable sec. 

Au laboratoire, les echantillons ont ete places en eprouvettes et fi:<es par 
quelques gouttes de picro-formol de Boin. 

Sur la cOte beige, la salinite de !'eau baignant le mesopsammon est proche 
de celle de la mer: environ 31,666 NaCt:l, pH moyen 7,34; l'ecart du pH entre 
le haut et le bas des plages est minime, !'experience nous a monire que les 
fluctuations saisonieres n'ont pas grande in!luence sur les populations de Theca­
moebiens. 
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Considerations sur !'adaptation au. biotope 

Les plages sableuses de la cote beige ont une faible declivite et une 
zone de balancement des mal'ees tres grande, elles sont constituees de 
sable fin et plus particulierement celui present dans la region mesopsam­
mique, ou les grains les plus fins s'accumulent et reduisent l'espace vital 
disponible. Cette zone en raison de ses proprietes absorbantes favorise la 
fixation des oligo~lements principaux. 

Les conditions physiques, temperature, pH, salinite, oxygenation et 
eclairement ont naturellement une influence sur la distribution biotique 
des Protozoaires d'une fa<;on generate, mais beaucoup moins grande que 
la nature et la quantite de nourriture disponible pour especes peu mo­
biles adaptees a ce type de biotope, veritables microcavernes, ou l'eau 
circule lentement, sous l'effet du flux, du reflux et des mouvements 
ascensionnels. 

La structure particuliere des regions pseudoslomiennes; col large et 
evase, leur permettant une fixation parfaite aux grains de sable, reduit 
les deplacements de ces Thecamoebiens au strict minimum. L'acquisition 
de ces particularites morphologiques, evolution du type Acrostome vers 
le type Cotylostome: evasement du pseudostome en une collerette mince 
et souple dans la lignee Ogdenietla et l'inclinaison de la panse de la 
lheque ju.squ'a devenir parallele au substrat dans la lignee des Psammo­
nobiotus, sont des caracteres d'adaptation au biotope. 

Que la penetration des Thecamoebiens dans le psammon vienne de 
la mer vers le continent, ou des biotopes continentaux vers la mer, il 
y a dans ce milieu sinon formation d'une lignee phylogenetique com­
mune, au moins une possibilite d'envisager des schemas partiels et de 
degager les tendances qui se manifestent dans les lignees, dont la mor­
phologie generale est semblable ou ressemblante. 

Parmi ces caracteres evolutifs, il faut considerer la reduction des 
dimensions permettant a certaines especes de s'adapter a des espaces 
vitaux extremement reduits, ce qui tend a expliquer que nous n'avons 
jamais rencontre d'especes psammophiles de grande taille dans ces pla­
ges. D'autre part, i1 est connu que la qu.antite d'eau contenue dans l'es­
pace intergranulaire d'un sable brut est faible de l'ordre de 20% du 
volume considere (Fa u r e-F re m i et 1951), seules de tres petites 
especes peuvent vivre dans les espaces les plus larges, delimites par les 
plus gros grains toujours combles par les grains les plus fins. 

Considerations phylogenetiques 

Si comme Go 1 em an sky (1982) on emet l'hypothese que la p~· 
netration des Thecamoebiens dans le psammon supralittoral s'est faite 
du continent vers la mer, force nous est de constater que de nombreuses 
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esp eces dulcaquicolcs ou terricoles peuvent etre a I'origine de quelques 
lignees; comme par exemple: Ies especes Acrostomes des genres Pseu.do­
difflugia, Difflugiella, l-:admella et Cryptodifflugia dont ccrtaines onl 
tendance a former un col, ou encore, que des especcs des types Plagio­
stome simple ou Acrostome arce suivant la classification des types mor­
phologiques de B on n et (1975) pourraicnt etre a l'orgine des lignces 
Centropyxietla ou Micropsammella. il est possib le que !'implantation et 
l'evolution de cette faunule caracteristique s'est faite par les eaux sou­
terraines continentales. 

En sens inverse, venu de la mer, on trouve actuellement uniquement 
deux genres: Lagenidiopsis et Volu.tella, mais qui ne peuvent pas dans 
l'etat actuel des connaissan"CS etre classes parmt les Thecamoebiens, ils 
seraient plustot a rapprocher des Foraminiferes, ou dans un groupe 
intermediaire 

Cas des Cemropyxie lla 

Sur les neuf especes de Centropyxietla decrites, nous en avons retrou­
ve SlX dans cette biocenose. Dans ce groupe egalement, nous constatons 
Wle reduction sensible de la taille par rapport aux types dckrits. 

Si dans la lignec des Centropyxictla, la morphologic generale est 
proche des Psammonobiotus, par contre la structure de la theque est 
dif!erentc, moins hyaline et beaucoup plus chargee de particules minf!­
rales volumineuses, ce qui leur donnc un caractere plus pierreux. 

Le caractere les diHel'cnciant le 1meux des CenLropyxis est la con­
formation de la region du pseudostome, dont les bords formant collcrette 
s'evasent vers l'exterieur (Cotylostomie), tandis que chez les Centro­
pyxis, ils s'invaginent vers l'inlerieur (Plagiostomie). Si comme pour 
les genres precedents, nous emettons une hypothese phylogenetique, le 
genre qui forme le chainon le plus probable entre ces deux types mor­
phologique est Centropyxis et plus particulii~rement C. constricta 
(Ehrenberg) Deflandre, espece banale d'eau douce de biotopes musci­
coles et terricoles, dont de nombreux specimens ont deja ete signales 
dans les milieux salins V a 1 k an o v (1936). B o 1 to vs k o y E. et 
B o 1 t o vs k o y A. (1968) et G o 1 e m an s k y (1970), nous l'avons r e­
contre sur plusieurs plages de la mer du Nord. 

Partant de cette espece, dont le pseudostome est tres Iegerement 
rentrant, on aboutit facilement a Centropyxiella oopyxiformis Chardez, 
dont le pseudostome est simplement tronque dans le prolongement de 
la face ventrale plane, puis, poursuivant le schema, on constate pro­
gressivement se former un evasement des bords pour former cette 
vaste collerette definition meme du type Cotylostome. 
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Note sur la systematique 

Taus les Thecamoebiens psammobiontes stricts appartiennent a la 
sous-classe des Filosia, les especes a structure agglutinant eventuelle­
ment de Iines particules minerales sont regroupees dans la famille des 
Psammonobiotidae Golemansky qui comporte les genres: Psammonobiotus, 
Alep~ella, Chardezia, Micropsammella, RhumbterieHa et Ogdenietla. 

La sous-famille des CorythioneHinae Sudzuki, rassemble des espe­
ces dont la theque est constituee d'ecailles circulaires endogenes; elle 
comporte les genres: Pseudocorythion, Messemvriella, CorthioneUoides 
et MicropsammeHoides. 

La sous-famille des Corythionellinae Sudzuki, rassemble des espe­
ces dont la theque est faite de petites ecailles endogenes, ovales, navi­
culaires ou vermiformes, on y trouve les genres suivants: Corythionella, 
Pseudowailesella et LesureUa. 

Parmi tous les Thecamoebiens decrits du psammon, quelques genres 
et especes sont acluellement classes dans d'autres families, c'est le cas 
du genre Centropyxiella provisoirement place dans la famille des Cen­
tropyxidae. Enfin, nous citerons les especes: Diffh~gia subterranea et 
sa vanete inflata, EUipsopyxis marinus, Pomoriella vatkanovi, Difflu­
gieHa psammophila, DifflugielLa lamingerae, Phryganella marinus et 
PseudodiffLugia andrevi, toutes ces especes sont reparties dans leur fa­
mille respective, il n'est pas encore demontre que ces especes soient des 
psammobiontes stricts. 

Les scbemas 1 et 2 figurant des relations phylogenetiques possibles, 
que nous dressons ici, n'interessent que les genres observes sur cette 
plage, qui peut etre consideree comme une biocenose delimitee dans 
l'espace, ou les conditions ecologiques sont semblables. Les especes dont 
les no. sont entoures d'un cercle ont ete observees dans nos perleve­
ments. 

Les dimensions moyennes (longueur totale) relevees dans ces prele­
vements se repartissent com.me suit (en microns) : OgdenieZla etegans 39, 
0. taschevi 27, 0. Lucida 19, 0. ca?·inata 16, 0. pussitta 8, Psammono­
biotus golemanskyi 88, Ps. communis 39, Ps. minutus 22, Ps. septentrio­
nalis 11, Micramphora pontica 16, MicropsammeZla retorta 30, Centro­
pyxiella arenar~a 45, C. gibbula 36, C. gibbulina 22, C. golemanslcyi 22, 
C. oopyxiformis 48 et C. lucida minima 40. 

Conclusion 

La diversite des formes et des dimensions que l'on constate chez tous 
les Thecamoebiens, est une consequence directe du milieu et demontre 

- ·· 
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Fig. 1. 1 - Ogdeme!la ma:ttma Golemansky, 2 - Ogdeniella elegans Golemansky, 
3 - Ogdeniella taschevi Golemansky, 4 - Ogdeniella lucida Golemansky, 5 -
Ogdeniella caTinata (Chardez) Golemansky, 6 - Ogdeniella pusilla (Chardez) Go­
lemansky, 7 - Ogdeniella conica Golemansky, 8 - Psammonobwtu.s communis 
Golemansky, 9 - Psammonobiotu.s minutus Golemansky, 10 - Psammonobiotus 
sept entrionalis Chardez, 11 - Psammonobiotus golemanskyt Chardez, 12 - Psam­
monobiotus linearis Golemansky, 13 - Psammonobiotus balticus Golemansky, 14 -
Psammonobiotus plana Chardez, 15-16 - Micramphora pontica Valkonov, 17 -
Micramphora amphoriformis Chardez et Thomas, 18 - Micramphora atlantica 
Chardez et Thomas, 19 - Micropsammella retorta Golemansky, 20 - Miropsam-

mella minima Chardez et Thomas, 21 - Chardezia cau.data Golemansky 

S - Acla P rotozol . 23/4 
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Fig. 2 a - Centropyxiella oopyxifonnis Chardcz ( 600), b - C. oopyxifonnis 
(profil, 600), 1 - Centropyxis cassis (Ehrenberg) Deflandre, 2 - CentropyxielLJ 
oopyxiformis Chardez, 3 - Centropy:riella lucida Golemansky, 4 - Centropyxiel­
la lucida v. minima Chardez, 5 - Centropyxiella elegans Valkanov, 6 - Centro­
pyxtella golemanskyi Chardez, 7 - Centropyxiella arenaria Valkanov, 8 - Cen­
tropyxiella platystoma Golemansky, 9 - CentropyxielLa gibbuLa Valkanov, 10 -

CentropyxieLLa gibbulina Chardez et Thomas 
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leur grand pouvoir d'adaptation a de nombreux biotopes. La structure 
meme de !'habitat est un facteur determinant qui joue un role impor­
tant dans !',evolution des formes, permettant la vie de ces Protozoaires, 
presents dans des milieux aussi nombreux que varies. 

SUMMARY 

In this work, we are studying the influence of the surroundings on the mor­
phology of the Testate Amoebae from the supralittoral psammal and we are con­
sidering the hypothesis of partial phylogenetic diagrams. 
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Synopsis. The paper contains the description of morphology and life 
history of a new species of cephaline gregarine (Apicomp!exa : Spo­
rozoea) of the genus Lepismatoplula Adams and Travis, 1935 from the 
S ilver-fish, AcroteLsa collaris (Fabricius). The gregarine has been named 
L ep!smatopltila cruszi sp. n. and has the following r atios: LP : TL 
1 : 2.75-19.0; WP : WO 1 : 0.78-1.33. Informa tion regarding the per­
centage of infection, seasonal intensity and type material have also 
been incorporated in the paper. 

Cornwall (1915) first described a cephaline gregarine from a Sil­
ver-fish but did not assign it to any particular genus. Ad a m s and 
T r avis (1935) established a new genus LepismatophiLa and described 
Lepismatophila thermobiae as the type species of the genus obtained 
from the firebrat, Thermobia domestica (Pack.). The characteristic fea­
tures of the genus as proposed by them are as follows: (1) Sporadins 
solitary, (2) Epimerite a simple symmetrical knob, (3) Protomerite pre­
sent throughout the trophozoite stage, (4) Cyst dehiscing by simple rup­
ture and (5) Spores in uncoiling chains, ellipsoidal, devoid of processes. 
Since then a number of workers have described different species of 
Lepismatophila from various parts of the world (Table 1). 

In our studies on the cephaline gregarines from insects we have also 
obtained a parasite from the common Silver-fish of the gangetic plain, 

t Present address: Department of Zoology, Ranaghat College, Ranaghat 741201. 
West Bengal, India 
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Table J 

A chronological list of Lt!pismutop/rila species recorded so far from different parts of the world 

Lepismatopllila sp. Hosts 

Lepismatophila thermobiae Thermabia dome.1tica 
Lepisma sacchurinum 
Acrotel:m colluris 

L. COfl/11'(11/j 

L. ctenolef'illnae 

L. purru 

L. rampodeae 
L. oriemalis 

L. p/uciummpue 

L. rlromboceplta/a 

1 . . crus=i L 

Ctenolepismu or 
Aerate/sa sp.? 
Ctenolepisma 
longicaudMum 
Ctenolepisma lilwotwll 

Cumpodea augens 
Peliolepisma ea/rum 
Ctenolepisma nigrum 
Pluriocampa bureschl 

Ctenolepisma sp. 

CtenoleptJma nigm 

.~crotelsa col/oris 

Country 

USA, England 
England 
Cc) Ion 
India 

Australia, Tasma­
n•a, Argentina 
France 

I I ranee 
Ceylon 

.. 
Bulgana 

India 

_I 

l References 

Adams and 
Travis (1935) 

I Bhatia (1938) 

Lind say (1939) 

Tuzet et al. 
(1952) 

Crusz (1960) 

Taschev and 
Golemansky (1973) 
Nimbargi and 
Rodgt (1974) 
Haldar and 
Chakraborty (1977) 
Present study 

Acrotelsa collaris (Fabricius) and as it d1ffers from the known species of 
LepismatophiLa, it is described here as a new species, and is named 
L. cruszi sp. n. 

Material and Methods 

The cephaline gregarine, Lepismatophila cruszi was obtained from the mid­
gut and ventricular caeca of the Silver-fish, Acrotetsa collaris (Fabricius), collect­
ed from the old wooden furniture at Ranaghat, West Bengal. Smears of host 
gut content, fixed in Schaudinn's fluid and 5.0 11m thick sections of the infected 
host gut fixed in Bouin's fluid were stained in iron alum-haematoxylin. Gameto­
cysts were collected from the hindgut of the host and were placed in moist 
chambers CS p rag u e 1941) for sporulation in living condition. Figures were 
drawn with a mirror type camer a lucida. The ratios used in this paper are those 
of length of protomerite to total length (LP : TL) and width of protomerite tu 
width of deutomerite (WP : WD). The following abbreviations are used in this 
paper: LE - length of epimerite, LP - length of protomerite, LD - length of 
deutomerite, LN - length of the nucleus, TL - total length, WE - width of 
epimerite, WP - width of protomerite, WD - width of deutomerite, WN 
width of the nucleus. 
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Observations 

Lepismatophtla cruszi sp. n. 

Development 

The early developmental stages of the parasite within the epithelial 
cells arc lacking, as revealed from a large number of scr1al sections 
~iudied by us so far. So, in all probability the mode of development 
is extracellular. 

Trophozoi Le 

Two distinct forms of the trophozoite are observed: (1) Free tropho­
zoite (Fig. 1 1-3) and (2) Attached trophozoite (Fig. 1 4-5). These are se­
parately described below. 

Free Trophozoite 

This is found to live free within the lumen of the ventricular caeca. 
The body has the usual three segments: the epimerite, the protomerite 
and the deutomerite. The epimerite of the trophozoite is sub-globular to 
almost globular in outline and its cytoplasm is hyaline. The protomerite 
is elliptical or conical in shape and is broadest at the base. The deuto­
merite is separated from the protomerite by a transverse cctoplasmic 
septum which is elevated at the middle in some cases. The deutomerite is 
broadest just behind the septum and then gradually narrows to a round­
ed posterior extremity. The cytoplasm in both protomerite and deuto­
merite is granular. The pellicle is moderately thick. The nucleus is circu­
lar m outline and has a distinct. nuclear membrane. In some cases, therP. 
is a spherical endosome in the middle. The nucleus measures 12.7 ~~m to 
21.2 !Jm in length (average 19.3 ~•m) and 10.6 ~·m to 21.2 flm in width 
(average 16.6 ~m). 

Attached Trophozoite 

Occasionally a fully grown trophozoite remains attached with its epi­
merite to the intestinal epithelium of the host. The detailed structures 
of such a trophozoite are distinctly revealed in serial sections. The 
body as usual bears epimerite, protomerite and deutomerite. The epime­
rite is a petaloid or two-horned structure that pushes through the host 
gut epithelium towards the basement membrane. As a result a space 
is formed into which the epimerite is firmly lodged. The epimerite of 
the attached trophozoite measures 13.7 ~·m to 27.6 ~~m in length (average 
20.6 f!m) and 20.0 f-lm to 21.2 ~~m in width (average 20.6 I-' m). The proto­
merite is subconical or hemispherical in shape and measures 17.0 ~m to 
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Fig. 1. 1-12 - Camera lucida drawings of the different stages in the life histo~y 
of Lepismatophila cruszi sp. n., 1-3 - Free trophozoites of different shapes and 
sizes, all from smears (iron alum-haematoxylin), 4-5 - Trophozoites attachtd 
with the host gut epithelium by their epirnerites, from sections (il·on alum-haerm­
toxylin), 6-9 - Sporadins showing variable structures of protomerite, deutomerite 
and nucleus (iron a lum-haematoxylin), 10 - Sporadins in association (iron alun­
haematoxylin), 11 - A freshly collected gametocyst, 12 - A spore showing eig.1t 

slender sporozoites and residual cytoplasm (Lugol's iodine) 
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33.7 IJ.ID in length (average 25.3 f.!ID) and 25.5 JAID to 60.0 f.!ID in width 
(average 42.7 f.!ID). This is followed by the deutomerite and measuring 
46.7 f.!ID to 52.5 f.liD in length (average 49.6 f.!ID) and 29.7 11m to 85.0 fJ.ID 
in width (average 57.3 fliD) . lt is highly granulated and is separated 
from the protomerite by a clear septum. The nucleus is lodged immedia­
tely behind the septum, possesses a distinct nuclear membrane and 
encloses a big endosome and a few chromatin granules in it. The 
nucleus measures 18.5 X 12.0 J.liD on the average. 

Sporadin 

The sporadins (Fig. 1 6-9) are characteristically solitary and are 
found to live within the midgut lumen. In living specimens the cyto­
plasm appears milky-white under the microscope. The characters of 
protomerite and deutomerite and the structure of the nucleus are more 
or less the same as in the trophozoites. The only difference is that the 
pellicle in the sporadins is very thick . 

Assoc1ation 

Typical caudofrontal or frontal associations (syzygy) are not ob­
served. Instead, the two sporadins associate side-wise (Fig. 1 10) before 
enclosing themselves within the common cyst wall. 

Gametocyst and Spore 

A freshly collected gametocyst from the hindgut of the host is yello­
wish white in colour and is bean-shaped with one side convex and the 
other side slightly concave (Fig. 1 11). The cyst measures 138.8 X 
99.9 fliD. The enclosed gametocytes may be equal or unequal in size. 
With the gradual development inside the moist chamber, the cyst be­
comes deep black in colour. At about 96 h of development the cyst wall 
ruptures and the spores come out in uncoiling chains. 

The spores are brownish in colour and measure 11.6 X 5.8 ~tm on 
the average. Each spore is boat-shaped with one side convex and the 
other side slightly concave and is provided with a thick spore wall 
(Fig. 1 12). At 110 h of development eight slender spindle-shaped spo­
rozoites are formed within the spore. Some amount of residual cyto­
p lasm is observed inside the spore after the formation of the sporozoites. 

Measurements (in J.lm) 

The summary of measurements of 25 specimens of trophozoites and 
sporadins with the mean within parenthesis is given below: 
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Trophozoite 

TL = 36.1-150.0 (84.8) 
LE = 5.3- 25.0 (11.1), WE = 8.5-30.0 (14.0) 
LP 7.4- 25.0 (14.1), WP - 12.7-50.0 (29.1) 
LD = 23.3-100.0 (59.5), WD = 17.0-55.0 (32.2) 
LN = 12.7- 21.2 (19.3), WN - 10.6-21.2 (16.6) 

Sporadin 

TL -= 95.0-290.0 (185.6) 
LP = 5.0- 45.0 ( 33.0), WP 32.5-105.0 (72.5) 
LD 70.0-255.0 (152.6), WD = 35.0-110.0 (73.2) 
LN ;= 20.0- 40.0 ( 30.6), WN = 15.0- 40.0 (28.6) 
LP : TL - 1 : 2.75-19.0 (1 : 6.26), WP : WD = 1 : 0.78-1.33 (1 : 1.03) 

Seasonal Intensity and Site of Infection 

On an average, 54.50fo of the insects are infected with this gregarine. 
The intensity of infection rises to the peak during the months of May 
to September. Young trophozoites are found within the ventricular 
caeca attaching to the epithelial cells by the epimerite. The fully grown 
trophozoites and sporadins are found to live free within the lumen of 
the midgut. 

Material 

Holotype, trophozoite on slide No. L/T-1, prepared from contents of 
ventricular caeca of the Silver-fish, Acrotelsa collaris (Fabricius) col­
lected by T. K. Kundu at Kanaghat, West Bengal, India on 2 May, 1979. 
Paratypes, many other particulars are the s.lme as for the holotype 
material. 

The slides containing the holotype and paratype materials have pre­
sently been deposited at the Department of Zoology, University of Ka­
lyani, and will finally be submitted to the National Collection of Zoolo­
gical Survey of India, Calcutta. 

Affinities 

In having solitary sporadins, epimerite a simple knob and ellipsoidal 
spores, the gregarine is accomodated in the family LepismatophiHdae 
Kudo. The following characters justify the inclusion of the parasite in 
the genus Lepismatophila Adams and Travis: (1) Epimerite a simple 
knob, (2) Solitary nature of sporadins, (3) Cyst without ducts, and ( 4) 

Smooth, boat-shaped spores extruded in chains, without any filamen­
tous process. It resembles Lepismatophila karnataki Nimbargi and Rodgi, 
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1974 in the general shape of the protomerite and spore, but differs 
from it in the characters of epimerite, structure of the nucleus, shape 
of the cyst and in the measurements of the different parts of the body. 
The LP : TL and WP : WD values also differ markedly in the two 
species. It also differs .from Lepismatophtla orientatis Crusz, 1960 in the 
general shape of the body of young as well as adult stages, absence of 
postenor processes and in the measurements of different body parts 
Although the parasite resembles in the shape of the sporadin and ~;po­
res that of Lepismatophila rhomboceplwla Ilaldar and Chakraborty, 
1977, it differs from the latter in all other features. In having an epi­
merite which is spherical to hemispherical in the free trophozoites and 
a petaloid or two-horned structure in the attached trophozoites, un­
usually thick epicyte and spores with a residual cytoplasm, it can be 
separated from the previously described species under the genus. The 
parasite is, therefore, given a separate specific status and is named Lr­
pismawphila c:ru.szi new species. The specific name has been given after 
Prof. Hilary Crusz of Sri Lanka, who has contributed much in the 
understanding of the genus Lepismatophila. 
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Synopsis. The li!e h istory of two new species of cephaline gregarines 
(ApicompLexa : Eugregarinida), Pyxinia reneae sp. n. and Gregarina 
chaetocnemae sp. n. are described from the midguts of Evor inea iota 
(Arrow) and Chaetocncma concinnipennis Baly (CoLeoptera) r espectively 
!ram West Bengal, India. The character istics of t he gregar ines a r e as 
follows: Pyxinia reneae sp. n. - its epimerite is a long ribbon set 
upon a smooth hemispherical projection on the protomerite, sporadins 
solitary, gametocysts oval to ellipsoidal, release of sporocysts by sim· 
pie rupture, sporocysts ellipsoidal, 8.0 rtm 3.5 )tm. GregaTina chaeto­
cnemae sp. n. - 1ts epimerite is a spher ule, sporadms show caudo­
!rontal assoctalton. relative size of primite and satellite variable, gamcto­
cysts ellipsoidal, extrussion of sporocysts t hrough short sporoducts, in 
chain, sporocysts cylindrical and truncate, 8.0 ~lm • 3.2 JUn. 

Although numerous species of cephaline gregarines have been de­
scribed from t he coleopteran insects of the world (S c h n e id e r 1887, 
L eger 1892, L a bb e 1899, Cr aw l ey 1903, Elli s 1913, W a t­
s on 1916, Fo e r s t e r 1938, Gr ass e 1953, 0 bat a 1953, Ho s h i d e 
1952, 1959, G e u s 1969, Ho s hid e 1979, 1980), only 20 species 
of cephaline gregarines have so far been r eported from Indian coleoptera 
by M i s r a (1941, 1942), B hu s h a n a r a o (1962), A m o j i and Rod g i 
(1975), C h a k r a b o r t y and H a 1 d a r (1975), H a 1 d a r and 
C ha k r abort y (1976, 1978, 1979 a, b), D e v d ha r and A m o j i 
(1977), P a t i l and A m o j i (1979 a, b), K u n d u and H a l d a r 
(1981 a, b, c) and S a r k a r and M a z u m d e r (1983). 

This communication describes the life history of two new cephaline 
gregarines under the genera Pyxinia Hammerschmidt, 1838 and Grega­
rina Dufour, 1828 from the coleopteran insects of West Bengal, India. 
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Material and Methods 

The insects were collected from the var ious Jackfruit trees of Murshidabad, 
WC'st Bengal, adjoining the border with Bangladesh during 1982 and 1983 and 
their guts were examined under a microscope for the protozoan parasite. The 
smears of the parasitized midguts were fixed 111 Schaudinn's and Bouin's fluids 
and both were subsequently stained with IJ'On alum haematoxylin. The gameto­
cysts, obtained from the host's gut or faeces, were kept in a moist chamber for 
their la ter phase of development. The ~porocysts, after treatment with Lugol's 
wdine solution, were studied under the oil immersion lens of the Olympus re­
search microscope. The figures were drawn with the aid of a camera lucida. The 
measurements were taken in micrometer (f!m). The following abbreviations are 
used in this paper: LE - length of epimerite, LD - length of deutomerite, LN -
length of nucleus, LP - length of protomerite, TL - total length, WE - width 
of epimerite, WD - width of deutomerite, WN - width of nucleus, WP -
width of protomerite, LP : TL - ratio of the length of protomerite to total length 
and WP : WD - ratio of the w idth of protomerite to the w idth of deutomerite. 

Obs e r va tions 

Pyxinia r eneae sp. n. 

or the 29 insects examined, 6 have been found to be parasitized by 
this gregarine. 

Trophozoite 

These were almost fusiform with anterior complex epimerite, a coni­
cal protomerit and a cylindro-conical deutomerite with gradually taper­
ing round posterior and (Fig. 1 1). The nucleus was, in the deuto­
merite, round with a large spherical karyosome in it. The epimerite 
was differentiable into a proximal small, smooth hemisphere and on the 
summit oi it was a distal long ribbon. The largest trophozoite was 
133.65 f.-liD in dimension. 

Measurements (thl' measurements of seven trophozoites are given 
m range with mean within parenthesis) : 

TL -= 49.95-133.65 (96.75), 
LE = 24.3 - 45.9 (33.5), WE - 3.24- 5.4 ( 3.7), 
LP = 6.75- 16.2 (11.9), WP = 8.1 -18.9 (15.42), 
LD 18.9 - 78.3 (51.3), WD - 10.8 -29.7 (22.57), 
LN = 4.05- 8.64 ( 6.75), WN = 4.05- 8.64 ( 7.32) 

Sporadin 

These were made up of a rhomboidal to spherical protomerite and 
a cylindro-conical deutomerite, the later being widest just below the 
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Fig. 1. 1-4 - The life history stages of Pyxinia reneae sp. n .. 1 - A trophozoite 
with complex epimerite, 2 - A solitary sporadin, 3 - An early gametocyst with 
gametocytes, 4 - The ellipsoidal sporocysts, 5-12 - The life history stages of 
Gregarina chaetocnemae sp. n., 5-6 - The early and the fully-grown trophozoite 
respectively, 7 - A mature and solitary sporadin, 8-10 - Caudoirontal associations 
or syzygy stages showing relative variations in dimensions, 1 - Ellipsoidal ga­
metocyst with four short sporoducts, 12 - Cylindrical sporocysts with truncate 

ends 
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septum (Fig. 1 2). A round nucleus with a karyosome was found in the 
deutomerite. The sporadins were solitary in nature and the largest di­
mension was 194.4 11m. 

Measurements (the measurements of 16 sporadins are given in range 
with mean within parenthesis) : 

TL = 40.5--194.4 (138.73), 
LP = 8.1- 27.0 ( 17.7 ), WP = 9.45-40.5 (27.84), 
LD = 32.4-175.5 (120.66), WO = 10.8 -37.8 (30.75), 
LN = 5.4- 13.5 ( 9.37), WN = 5.4 -16.2 ( 9.94), 
LP : TL = 1 : 5.0- 10.4 (7.80), WP ; WD = 1 : 0.93-1.44 (1.17) 

Detail measurements of J 6 sporadins of Pyx inia reneae sp. n. (io IJ.ffi) 

SI. 
No. 

TL LP LD WP WD I LP : TL I WP : WO 

(1) 194.4 

I 
18.9 175.5 I 31.05 35.1 J : 10.3 1 : 1.13 

(2) 145.8 16.2 129.6 27.0 29.7 I : 9.0 I : 1.1 
(3) 194.4 24.3 170.1 40.5 37.8 J : 8.0 I : 0.93 
(4) 164.7 

I 
21.6 143.1 31.05 32.4 I : 5.35 I : 1.14 

(5) 10.5 8.1 32.4 9.45 10.8 I : 5.0 I : 1.04 
(6) 144.45 27.0 117.45 29.7 29.7 I : 5.35 I : 1.0 
(7) 137.7 18.9 118.8 24.3 32.4 I : 7.29 I : 1.33 
(8) 118.8 14.85 103.95 18.9 18.9 1 : 8.0 I : 1.0 
(9) 137.7 21.6 116.1 24.3 27.0 1 : 6.38 I : 1.1 

(10) 135.0 21.6 113.4 27.0 35.1 I : 6.25 I : 1.3 
(I I) 

I 
125.55 17.55 108.0 24.3 29.7 I :7.15 I : 1.22 

(12) 140.4 I 16.2 124.2 27.0 33.75 l : 8.67 I : 1.25 
(13) 140.4 13.5 126.9 24.3 35.1 1 : 10.4 1 : 1.44 
(14) 

I 
140.4 

I 
13.5 126.9 27.0 35. 1 1 : 10.4 I : 1.3 

(15) 113.4 18.9 94.5 

I 
29.7 36.45 1 : 6.0 I : 1.23 

(16) 145.8 16.2 129.6 25.65 32.4 1 : 9.0 1 : 1.26 
-

Gametocyst and Sporocyst 

These were small, round to ovoid white bodies - 90.0 11m to 110.0 J.tm 
m dimension, comprising of two semicircular gemetocytes being en­
closed by a transparent, smooth cyst (Fig. 1 3). After 48 h, the sporocysts 
were released singly and also in cluster by the simple rupture of the 
gametocyst's wall. Each sporocyst was smooth, ellipsoidal and 8.0 11m X 
3.5 11m in dimension (Fig. 1 4). 

Infection I o c us: Midgut 
I n c id en c e: 6 infected out of 29 examined 
Ho s t: Evorinea iota (Arrow) (Dermestidae) 
L o c a 1 it y: Murshidabad, West Bengal, India 
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Remark 

At present 12 Pyxinia spp. are known (Levin e 1979). Among 
them, P. moebuszi lkger and Duboscq, 1900 and P. anobii, Vincent, 
1922 show similarity with the present parasite in the morphological 
features of the trophozoite and sporadin. However, the proximal hemi­
spherical projection of its epimerite is distinct from the epimerites of 
the above mentioned gregarines. Moreover, the ellipsoidal sporocyst of 
the reported gregarine is different from the barrel-shaped and cy lindri­
cal sporocysts of P. moebuszi and P. anobii respectively. The present 
species also resembles P. major Hoshide, 1959 in the shape of its epi­
merite and sporadin. But it differs markedly from P. major by its 
smooth hemispherical projection of the epimerite (many firm cirri on 
the projection of P. major) and ellipsoidal sporocyst (spindle-shaped in 
P. major). Moreover, the gregarine is described from a different host. 
In having such distinctive features, the present gregarine has been con­
sidered to be a new species for which the name Py:rinia reneae sp. n. 
is proposed after Late Dr. Rene Ormieres, an illustrious Protozoologist 
of France. 

Gregarina chaetocncmae sp. n. 

Of the 20 insects examined, the midguts of 5 have been infected by 
the parasite. 

Trophozoite 

These were found in the lumen of the host's midgut. Each tropho­
zoite was made up of very small, spherule-like sessile epimerite, round 
to oval protomerite and oval to cylindro-conical deutomerite (Fig. 1 5-6). 
There was a spherical nucleus with a small, round karyosome found in 
the deutomerite. The septum between the protomerite and the deuto­
merite was deep and distinct. The largest trophozoite found was 77.0 ~·m 
in length. 

Measurements (the measurements of six trophozoites are given in 
range with mean within parenthesis): 

TL = 39.8 -77.0 (50.2 ), 
LE = 4.67- 8.41 ( 6.86), WE = 5.6- 8.4 (7.32), 
LP = 9.3 -14.0 (10.74), WP = 11.7-18.7 (15.7), 
LD = 13.3 -56.0 (33.3 ), WD = 21.0-28.0 (24.5), 
LN = 9.3 -10.3 ( 9.7 ), WN = 9.3-10.3 ( 9.5) 

Sporadin 

These were also found in the midgut lumen of the host. Each spo~ 
radin was made up of hemispherical to slightly conical protomerite and 

6 - Acta Protozoal. 23/4 
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cylindrical deutomerite with round posterior end (Fig. 1 7). A round 
nucleus containing a small round karyosome was found in the deuto­
merite. The largest solitary sporadin measured 144.8 IJID in length. Be­
side solitary forms, the sporadins also occurred in caudo-frontal asso­
ciation. The relative sizes of the primite and the satellite were highly 
variable (Fig. 1 8-10). 

Measurements (the measurements of 20 solitary sporadins are given 
in range with mean within parenthesis): 

TL = 32.7-144.8 (87.0 ), 
LP = 9.3- 28.0 (16.8 ), WP = 16.3 -44.4 (27.5), 
LD - 11.7-109.7 (70.2), WD = 18.7 -79.4 (65.5), 
LN = 9.3- 19.6 (13.08), WN = 18.6S-23.35 (20.22), 
LP : TL = 1 : 4.0-8.0 (5.35), WP : WD = 1 : 1.25-2.3 (1.52) 

Detail measurements of 20 sporadins of Gregarina clraetocnemae sp. n. (in fLID) 

SI. 
No. 

( I ) 
(2) 
(3) 
(4) 

(5) 

(6) 
(7) 
(8) 
(9) 

(10) 
(11) 
(12) 
(13) 
(14) 

(15) 
(16) 
(17) 
(18) 
(19) 
(20) 

TL 

112.0 
56.0 
58.4 
98.0 
32.6 
53.7 
93.4 

107.4 
144.7 
98.0 
95.7 
88.7 
93.4 

116.7 
70.0 

137.7 
77.0 
60.7 
51.4 
93.4 

LP 

18.6 
14.0 
14.0 
18.6 
9.3 
9.3 

11.7 
18.7 
28.0 
18.6 
16.3 
18.7 
14.0 
28.0 
14.0 
28.0 
14.0 
11.7 
11.7 
18.6 

LD 

93.4 
42.0 
44.4 
79.4 
23.3 
44.4 
81.7 
88.7 

116.7 
79.4 
79.4 
70.0 
79.4 
88.7 
56.0 

109.7 
63.0 
49.0 
39.7 
74.8 

WP 

32.6 
23.3 
23.3 
35.0 
16.3 
18.6 
28.0 
32.6 
44.3 
28.0 
32.6 
28.0 
28.0 
29.4 
28.0 
32.6 
23.3 
21.0 
18.6 
32.6 

WD 

46.7 
37.3 
37.3 
49.0 
18.3 
25.6 
35.0 
37.3 
77.3 
51.3 
39.6 
46.7 
32.6 
46.7 
46.7 
74.7 
46.6 
32.6 
23.3 
49.0 

LP:TL 

1 : 6.0 
I : 4.0 
J : 4.2 
I :5.2 
1 : 3.5 
1 : 5.7 
I : 8.0 
I : 5.7 
1 : 5.2 
I : 5.2 
1 : 5.8 
1 :4.7 
I: 6.7 
I : 4.2 
I : 5.0 
I : 4.9 
I :5.5 
1 : 5.2 
I : 4.4 
I : 5.0 

WP : WD 

I : 1.4 
1 : 1.6 
1 : 1.6 
I : 1.4 
I : 1.4 
I : 1.4 
1 : 1.2 
I : 1.1 
I : 1.8 
I : 1.8 
I : 1.2 
1 : 1.7 
1 : 1.2 
1 : 1.6 
1 : 1.7 
I :2.3 
1 : 2.0 
I : 1.5 
I : 1.2 
I : l.S 

Measurements of five associative or syzygy forms are given below: 

Total Length 

231.17 
225.56 
197.55 
135.42 

149.44 

Length of Primite 

128.43 
132.16 
123.76 

91.07 
70.05 

Length of Satellite 

102.74 
93.40 
73.79 
44.37 
79.39 
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Gametocyst and Sporocyst 

The gametocyst was a small ellipsoidal white body measuring 
95.5 11m X 62.5 !Jm. At maturation after 24 h, two pairs of symmetri­
cally arranged, 28.0 1-1m long sporoducts were developed (Fig. 1 11). The 
sporocysts were released in long chain. Each sporocyst was cylindrical 
with truncate ends and was 8.0 11m X 3.2 11m in dimension (Fig. 1 12). 

I n f e c t i on I o c us: Midgut 
In c id en c e: 5 mfected out of 20 ihsects examined 
Ho s t: Chaetocnema concinnipenis Baly (ChrysomeLidae) 
L o c a I it y : Murshidabad, West Bengal, India 

Remark 
The gregarine in study resembles G. spragu.ei Haldar and Chakra­

borty, 1978 in the shape of its epimerite and gametocyst and also in 
the number and nature of the sporoducts. However, it differs from the 
latter by the smaller dimension of its epimerite (epimerite is 11.5 ~~m 
in G. spraguei), variable relative size of primite and satelUte (primite 
is smaller than satellite in G. spraguei} and cylindrical sporocyst (ovoidal 
sporocyst in G. spraguei). The present gregarine also shows similarity 
with G. bitobosa Kundu and Haldar, 1981 in having ellipsoidal gamete­
cyst and cylindrical sporocyst and with G. ampullaria Hoshide and Has­
hide, 1969 in the shape of the epimerite and the gametocyst and also 
in the nature of the sporoduct. However, the present species differs 
from the former by its small spherule-like epimerite (bilobose epimerite 
in G. bilobosa) and 8.0 ~~m X 3.2 ~tm sporocyst (6.0 11m X 3.0 1-4m in 
G. bilobosa). It is also distinct from the later gregarine by its variable 
ratio of the primite-satellite length (primite is larger than satellite in 
G. ampuUaria), greater ratio of LP : TL (LP : TL = 1 : 3-4 in G. am­
puUaria). The reported gregarine has, therefore, been considered to be 
a new species and descrtbed as Gregarina chaetocnemae sp. n. after the 
name of its host. 

Material 

Holotype and paratypes of Pyxinia reneae sp. n. on slide No. Pc-12 
and of Gregarina chaetocnemae sp. n. on slide No. Gc-8 are kept in the 
Department of Zoology, R.B.C. College and soon will be deposited to 
the National Collection of the Zoological Survey of India, Calcutta. 
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