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Numerical Taxonomy of Blepharisma Based on the Effects 
of Selected Antibiotics 

Synopsis. T e n s tocks of Blepharisma w e r e c u l t u r e d i n s e p a r a t e s o l u t i o n s 
of s t r e p t o m y c i n , pen ic i l l in a n d t e t r a c y c l i n e f o r 96 h. S u r v i v a l a n d g r o w t h 
r a t e s f o r each s tock i n each an t ib io t i c w e r e d e t e r m i n e d . A f t e r f o u r d a y s 
s u r v i v o r s w e r e f ixed , s t a i n e d a n d m e a s u r e d f o r m o r p h o l o g i c a l c h a r a c t e -
rist ics. Su rv iva l , g r o w t h r a t e s a n d m o r p h o l o g i c a l c h a r a c t e r i s t i c s w e r e 
coded f o r t h e m e t h o d s of n u m e r i c a l t a x o n o m y . C o m p u t e r a n a l y s i s w a s 
p e r f o r m e d t o d e t e r m i n e o v e r a l l s imi l a r i t i e s a m o n g t h e s tocks . T h e s t o c k s 
c lus t e red in s i m i l a r g r o u p s w h e n phys io log ica l a n d m o r p h o l o g i c a l c h a r -
ac te r i s t i cs w e r e ana lyzed . T h e phys io log ica l d a t a p r o v i d e d a d d i t i o n a l 
i n f o r m a t i o n u s e f u l i n Blepharisma t a x o n o m y a n d i n c lass i fy ing con t ro -
ve r s i a l species n a m e d in t h e l i t e r a t u r e . 

Blepharisma is a red pigmented, heterotrichous ciliate found in fresh 
and marine environments. The genus Blepharisma was created in 1849 by 
P e r t y. Since then the genus has been described by numerous investi-
gators ( C a l k i n s 1912, W o o d r u f f and S p e n c e r 1922, M o o r e 
1924, S t o l t e 1924, W o o d r u f f 1935, G i e s e 1938, W e i s z 1949, 
1950a, b, 1954, S u z u k i 1951, 1954, 1957, H i r s h f i e i d and P e c o r a 
1956, M c L o u g h l i n 1957, H e I s o n et al. 1959, C h r i s t i e 1965, 
K e n n e d y 1965, D e m b i t z e r and H i r s h f i e i d 1966). 

"Morphological considerations continue to form the basis of syste-
matics in protozoology. . . Physiological, or biochemical, genetic, ecologi-
cal and morphogenetic factors are becoming of increasing importance as 
our knowledge grows in these principally experimental areas of re-
search" ( C o r l i s s 1959). With more extensive use of the electron and 
scanning microscopes and with more sophisticated biochemical and ge-
netical studies, taxonomy is becoming increasingly more precise. 

The genus Blepharisma is fairly well defined, but classification of 
many of the named species within the genus is still controversial. Pre-
viously, speciation was based primarily on the size of the vegetative ani-
mal, the form and shape of the macronucleus and its behavior during bi-
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nary fission and conjugation ( C a l k i n s 1912, W o o d r u f f 1935, G i e s e 
1938, W e i s z 1950a, b, S u z u k i 1957, B h a n d a r y 1960, 1962, S e -
s h a c h a r and B h a n d a r y 1962, J e n k i n s 1967), although other 
characteristics have also been considered ( S t o l t e 1924, D a w s o n 1929, 
G i e s e 1938, Y o u n g 1939, H i r s h f i e l d and G i e s e 1953, S u z u k i 
1954, M c L o u g h l i n 1957, B h a n d a r y 1959, H e i s o n et al. 1959, 
S e s h a c h a r et. al. 1959, H i r s h f i e l d et al. 1962, S e s h a c h a r 
and B h a n d a r y 1962, B h a n d a r y and H i r s h f i e l d 1964, C h u -
n o s o f f et al. 1965, C h r i s t i e and H i r s h f i e l d 1967, R e p a k 1968). 
Only a few physiological studies of Blepharisma have been reported 
( S t o l t e 1924, H e i s o n et al. 1959, G i e s e and Mc C a w 1963, C h r i -
s t i e 1968, G i e s e 1970), and, of these, none has examined the useful-
ness of physiological characteristics as a taxonomic tool. 

A numerical taxonomic system can help resolve some of the confusion 
pertaining to the classification of the species and sub-species of Blepha-
risma by the use of "arithmetical methods to classify organisms on the 
basis of their overall similarity to one another" (L i s t o n 1970). This 
paper reports the application of numerical taxonomy to ten stocks of 
Blepharisma based on the effects of streptomycin, penicillin and tetra-
cycline on the survival and growth of the organisms and on the stability 
of the morphological characteristics. 

The use of physiological characteristics in the system of computerized 
numerical taxonomy introduces a new approach to speciation, and a new 
dimension to the classification of Blepharisma. 

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

T h e Blepharisma used in th is s tudy w e r e cloned f r o m New York Univers i ty la-
bora tory stocks. Weekly subcul tu res w e r e ma in t a ined on 0.3°/o Cerophyl a n d 
a Pseudomonas ovalis inoculum, a n d w e r e d a r k grown a t 22°C. 

T h e Blepharisma 1 selected w e r e : 
Bi nodal Macronuc leus 
B. tropicum B h a n d a r y ; New Delhi, Ind ia S t ra in 
Mul t inodal Macronucleus 
B. americanum Suzuki ; Monterey, Cal i forn ia S t ra in 
B. americanum Suzuki ; S tanford , Cal i forn ia St ra in 
B. musculus v. seshachari B h a n d a r y ; L a k e Slella, Wash ing ton S t ra in 
B. musculus v. sinuosum S a w a y a , Bangalore , Ind ia B S t r a in 
F i l i fo rm Macronuc leus 
B. japonicum Suzuki ; Cameroun , Af r i ca S t r a in 

1 A s classified by Hirshf ie ld H. I., I squi th I. R. and DiLorenzo A. M. Class i f i -
cation, Dis t r ibut ion a n d Evolution. In Blepharisma (ed. A. C. G i e s e ) . pp. 304-332, 
S t an fo rd Univ. Press , S tan fo rd , Cal i fornia (1973). 
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B. japonicum S u z u k i ; Y a m a g a t a , J a p a n S t r a in , Suzuk i 5 S tock 
B. japonicum v. intermedium B h a n d a r y ; Banga lo re , I nd i a A S t ra in , red Stock 
B. japonicum v. intermedium B h a n d a r y ; Banga lo re , Ind ia A S t ra in , a l b i n o S tock 
B. stoltei I s q u i t h ; L a k e Federsee , G e r m a n y S t ra in , a lb ino Stock. 

T h r e e day old s tock cu l tu r e s in log p h a s e w e r e used f o r all e x p e r i m e n t s . 
Blepharisma w e r e w a s h e d t h r e e t imes in s t e r i l e 0.1°/o Cerophy l . Ten o r g a n i s m s w e r e 
placed in to each we l l of a 9-hole , deep we l l p l a t e con ta in ing 1 m l of a 10-5 M o l a r 
so lu t ion of S t r e p t o m y c i n Su l fa te , Pen ic i l l in G P o t a s s i u m or Te t r acyc l i ne H y d r o c h l o -
r i d e (Cal Biochem, Los Angeles , Cal i forn ia) . T h e 10~5 Mo la r an t i b io t i c c e n c e n t r a t i o n 
r e t a r d e d t h e d iv is ion of t h e Blepharisma w i t h o u t p r o d u c i n g l e t ha i e f fec t s . An t ib io t i c s 
w e r e dissolved in s te r i le 0.1°/o Ce rophy l a n d f i l t e r ed t h r o u g h a 0.45 mi l l i po re p l a t e . 
A 0.1% Cerophy l so lu t ion w a s used as t h e control . 

Each p l a t e w a s pu t i n to a mo i s tu r e c h a m b e r , sea led a n d p laced in t h e d a r k 
a t 22°. Dai ly coun t s of t he s u r v i v i n g n u m b e r of o r g a n i s m s in e a c h wel l w e r e m a d e . 
E x p e r i m e n t s f o r each d r u g w e r e r e p e a t e d a m i n i m u m of f ou r t i m e s (36 t r ia ls) . Each 
t r ia l l a s t e d f o u r d a y s a n d a m e a n e x p e r i m e n t a l / c o n t r o l su rv iva l a n d g r o w t h r a t i o 
w a s d e t e r m i n e d fo r each s tock in each of t he t h r e e ant ib iot ics . 

A f t e r 96 h t h e o rgan i sms w e r e f i x e d in Ca rnoy ' s f i x a t i v e a n d s t a ined by t h e 
Feu lgen- l igh t g r e e n reac t ion o r w i t h M e t h y l g r e e n - p y r o n i n Y (G u r r 1966). T h e 
morpholog ica l c h a r a c t e r i s t i c s obse rved a n d m e a s u r e d f o r each of t h e t e n s tocks 
i n t h e t h r e e an t ib io t i c s a n d t h e cont ro l i nc luded body length , b o d y w i d t h , shape ' 
of a n t e r i o r end , m a c r o n u c l e a r shape, p r e s e n c e or a b s e n c e of m a c r o n u c l e a r nodes , 
s i 2 e of l a rges t m a c r o n u c l e a r node , p resence of equa l n o d e size, f i l i f o r m k n o b s on m a c r o -
nucleus, l eng th of mac ronuc l eus , w i d t h of m a c r o n u c l e u s , deg ree of m a c r o n u c l e a r 
beading , p r e s e n c e of m a c r o n u c l e a r connec t ing s t r ands , deg ree of p i g m e n t a t i o n , c a -
vit ies in macronucleusi , a n d bucca l l eng th . 

T h e da t a w e r e conve r t ed in to a se r i e s of pos i t ive a n d n e g a t i v e a n s w e r s us ing 
Methods I a n d V acco rd ing to L o c k h a r t (1970), a n d w e r e k e y - p u n c h e d o n t o 
s t anda rd I B M cards . T h e p r o g r a m in F o r t r a n IV w a s des igned a n d w r i t t e n by L. Nei l 
Bell (Berkeley, Ca l i fo rn ia ) a n d ut i l ized a CDC 6600 c o m p u t e r (New Y o r k U n i v e r -
sity's C o u r a n t I n s t i t u t e of M a t h e m a t i c a l Sciences) . T h e d a t a w e r e a n a l y z e d by s i m p l e 
m t t c h i n g w h i c h cons iders s imi la r i ty b e t w e e n t w o posi t ive c h a r a c t e r s a s we l l a s 
s imilar i ty b e t w e e n t w o n e g a t i v e c h a r a c t e r s . T h e c lus te r ana lys i s w a s p e r f o r m e d by 
means of t he s ing le - l ink m e t h o d ( S o k a l a n d S n e a t h 1963). As des igned, t h e 
p rogram can e v a l u a t e a n d d e t e r m i n e c e r t a i n coe f f i c i en t s of r e s e m b l a n c e a n d a lso 
pe - fo rm c lus t e r ana lys i s of t h e s e coeff ic ients . W h e n al l t h e c l u s t e r s w e r e comple -
t e ^ d e n d r o g r a m s w e r e cons t ruc t ed s h o w i n g t h e level of s im i l a r i t y a m o n g t h e t e n 
stccks. 

R e s u l t s 

Bacterial Studies 

In nature, Blepharisma are bacterial feeders (S t o 11 e 1926, S a n d o n 
19i2, D a w s o n 1928, 1953). Only a few strains of Blepharisma have 
been successfully grown axenically on undefined medium (G i e s e 1973). 
In general, growth and division rates for axenic Blepharisma are usually 
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lower than those for the bacteria-fed controls and growth under these 
conditions can only be sustained for a limited period. For this reason, 
Pseudomonas ovalis bacteria were used as a food supplement in these 
studies. 

Since certain antibiotics interfere with the life processes of some bac-
teria, it was important to determine how much of an effect the selected 
antibiotics have on the bacteria and to what extent this influences the 
survival of Blepharisma. 

Pseudomonas bacteria were grown in test tubes containing 10 1 M, 
lO"-5 M and 10—6 M concentrations of each of the three antibiotics and in 
a control test tube containing 0.1% Cerophyl. Serial dilutions ranging 
from 1/10 to 1/106 were made of each concentration for each of the 
drugs and the control for four consecutive days. The dilutions were pi-
petted into test tubes containing nutrient agar and poured into sterile 
petri dishes. The number of bacterial colonies that grew on the agar pla-
tes af ter 24 h was counted. Only colony numbers between 30 and 100 per 
plate were considered significant. Bacterial growth was also tested with 
antibiotic sensitivity disks (Difco Laboratories, Detroit, Michigan). 

The results of these dose response studies indicated that the Pseudo-
monas are only slightly sensitive to the drugs at the 10—5 M concentra-
tions used in this research. At this concentration, the bacteria are able to 
survive and grow, and therefore the effect on the survival of the Blepha-
risma is not a result of cessation of growth of the food organism. 

Additional tests, in which a 0.1 ml drop of Pseudomonas culture was 
added daily to the experimentals and controls, showed that neither the 
drug-treated Blepharisma nor the control organisms survive any better 
with a supplement of fresh bacteria. 

Physiological Results 

Table 1 summarizes the results for each stock in the antibiotics. The 
"Experimental" number is the mean number of surviving experimental 
organisms per 96 h experiment, and was determined by dividing the to-
tal number of survivors by the number of experiments. The "Control" 
number was similarly obtained from cultures lacking antibiotics. 

The Experimental /Control ratio (%E/C) indicates the percent survival 
and growth for each stock, and was obtained by dividing the mean num-
ber of surviving experimental organisms by the mean number of surviv-
ing control organisms (Table 1). The %E/C ratio evaluates the individual 
division rate differences inherent within the stocks. These division rates 
are represented on Table 2. 
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Table 1 
Survival and Growth After 96 h in Antibiotics 

Stock Experimental2 Control2 %E/C2 

Streptomycin 

Bangalore A red 536 778 68.9 
Lake Federsee albino 143 309 46.2 
Cameroun 150 507 29.7 
Lake Stella 185 669 27.7 
Yamagata 199 816 24.4 
Bangalore A albino 132 553 23.9 
Bangalore B 212 901 23.5 
Monterey 193 1036 • .. 18.6 
Stanford 176 1111 15.8 
New Delhi 168 1371 12.3 

Penicillin 

Bangalore A red 912 711 128.3 
Bangalore A albino 401 450 89.3 
Monterey 916 1105 82.9 
Cameroun 474 586 80.9 
Lake Federsee albino 208 262 79.5 
Bangalore B 456 725 62.9 
Yamagata 386 629 61.4 
New Delhi 374 1010 37.0 
Lake Stella 203 560 36.3 
Stanford 210 706 29.8 

Tetracycline 

Bangalore A red 254 602 42.1 
Lake Federsee albino 130 346 37.6 
Bangalore B 174 582 29.9 
Cameroun 151 531 28.4 
Bangalore A albino 131 524 24.9 
Lake Stella 138 602 22.9 
Yamagata 113 661 17.1 
Stanford 182 1215 15.0 
Monterey 116 1199 9.7 
New Delhi 56 1051 5.3 

The physiological data can be summarized as follows: 
(1) Variation is found in the survival and growth rates among the ten 

stocks of Blepharisma in each of the three antibiotics tested. 
• I; ' • 
2 See Physiological Results, p. 88, fo r exp lana t ion of the headings. 
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Table 2 

Control Division Rate/24 h 

Stock Mean division rate3 

New Delhi 
Monterey 
Stanford 
Bangalore B 
Yamagata 
Bangalore A red 
Lake Stella 
Cameroun 
Bangalore A albino 
Lake Federsee albino 

2.0 
2.0 
1.9 
1.7 
1.5 
1.4 
0.9 

2.8 

3.2 
3.1 

(2) Of these, penicillin seems to have the least effect. Although expo-
sure to the antibiotics for four days inhibits the growth of the Blepha-
risma, the organisms fully recover from the effects of the drugs when 
removed and placed into 0.1°/o Cerophyl. These survivors were not found 
to be more resistant to the antibiotics when reinoculated into the drugs 
a second or third time, suggesting that no selection for drug resistance 
occurred. 

Two major groups of Blepharisma are delineated when simple matching 
similarity coefficients of the ten stocks are clustered. Group 1 is composed 
of the Cameroun, Yamagata, Bangalore A red and albino, and Lake Fe-
dersee albino stocks. Group 2 is composed of the New Delhi, Monterey, 
Stanford, Bangalore B, and Lake Stella stocks. 

Figure 1 represents the combined streptomycin, penicillin and tetra-
cycline results. There is no distinct clustering within Group 1. The Ca-
meroun strain and the Yamagata strain show the highest degree of simi-
larity (92%) of the ten stocks tested. The Bangalore A albino joins the 
first two at the 87°/o phenon level. Lake Federsee albino comes in at 83°/o 
and finally the Bangalore A red stock joins the group with 80% simi-
larity. 

Within Group 2 Monterey and Bangalore B strains show an 84% simi-
larity, while Lake Stella and Stanford are 83% similar. These two sub-
clusters join the New Delhi strain at the 80% phenon level to form 
Group 2 (Fig. 1). 

3 The m e a n division r a t e w a s de te rmined fo r each stock in 0.1%> Cerophyl 
solut ion by coun t ing the n u m b e r of organisms in a series of deep wel ls eve ry 
24 h. 

Computer Results 
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Figures 2, 3 and 4 represent the individual results in streptomycin, 
penicillin and tetracycline, respectively, and illustrate some of the diffe-
rences found in the three drugs. In the streptomycin dendrogram (Fig. 2) 
three groups are apparent. One group contains the Lake Federsee albino 
and Bangalore A red stocks. The second group contains the Cameroun, 
Yamagata, Bangalore A albino, and Lake Stella stocks, and the third 
group contains the Monterey, Stanford, New Delhi, and Bangalore B 
stocks. 

The penicillin results (Fig. 3) are clustered into the same two major 
groups as when all three antibiotics are combined (Fig. 1). Group 1 con-
sists of the Lake Federsee albino, Bangalore A red and albino, Cameroun, 
and Yamagata stocks, while Group 2 consists of the Monterey, Banga-
lore B, Lake Stella, Stanford and New Delhi stocks. 

P E N I C I L L I N D A T A 

P E R C E N T S I M I L A R I T Y 

& R £ Si & ^ inn 
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M O N T E R E Y 
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S T A N F O R D 
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Fig. 3, Penicil l in physiological da ta 

Figure 4 represents the tetracycline data. As with penicillin, the ten 
stocks cluster into the same two major groups. The sinuosum-type stocks, 
Bangalore B and Lake Stella, show the closest relationship to each other 
(88°/o) in tetracycline as did the Bangalore A red and albino stocks (85°/o). 

Ill _ _ 
• 185% 

—J79% 
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The morphological data directly correlates with previous studies (D i-
L o r e n z o 1972) and when combined with the physiological results the 
ten stocks of Blepharisma cluster into the two same groups as shown 
on Fig. 5. 

D i s c u s s i o n 

Ten stocks of Blepharisma were each cultured in separate solutions 
(10-5 M) of streptomycin, penicillin and tetracycline for 96 h. The results 
indicated variation in sensitivity to the antibiotics among these strains. 
Morphological characteristics and survival and growth rates in each an-
tibiotic and control were coded for and analyzed by the computer for 
overall similarities among the ten stocks. The principles of numerical 
taxonomy, based on the assumption that each characteristic or feature 
of an organism should be given equal weight and the taxa should be 
based on correlations between the features, were used (A d a n s o n 1757). 
The equal weighing of characteristics provides a mathematical t reatment 
of characters and an estimation of resemblances, rather than key features 
(S n e a t h 1962). Cluster analysis in building taxonomic hierarchy is 
a major advance in the field of taxonomy (S n e a t h and S o k a 1 1963, 
1973). 

The variation in sensitivity to the antibiotics is reflected in the com-
puter analysis of the ten stocks of Blepharisma. When each antibiotic 
is considered separately, variations are apparent (Fig. 2, 3 and 4). Ho-
wever, when all of the physiological data are combined (Fig. 1) two ma-
jor groups are defined. The Cameroun, Yamagata, Bangalore A red and 
albino, and Lake Federsee albino stocks, all large organisms with rod-sha-
ped macronuclei, make up Group 1. The New Delhi, Monterey, Stanford, 
Bangalore B, and Lake Stella stocks, ail small organisms with noded 
macronuclei, make up Group 2. These same two major groups are also 
apparent when all of the physiological and morphological characteristics 
are combined and analyzed (Fig. 5). 

In 1972, D i L o r e n z o devised a numerical taxonomy for Blepharis-
ma based on 30 morphological characteristics from 45 stock cultures. The 
two major groups defined in this study are in agreement with D i L o -
r e n z o's more extensive numerical taxonomy. Figure 6 represents a mo-
dified version of her study. 

Although the members of the two major groups are identical, there are 
significant differences in the clustering within each group. For instance, 
the Bangalore B and Lake Stella strains are members of B. musculus, 
one of the most controversial groups in Blepharisma taxonomy. Based 
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Fig. 6. Morpho log ica l d a t a a d a p t e d f r o m D i L o r e n z o ' s (1972) n u m e r i c a l t a x o -
nomic s tudy 

on the 71°/o similarity of the morphological characteristics. D i L o r e n-
z o separated these two sinuosum-like strains into separate species. 

When the physiological data are considered, the two strains fall into 
two distinct subclusters of Group 2 (Fig. 1). Thus, the physiological re-
sults at first appeared to support the separation. However, physiologically 
the two strains have an 80% similarity which is 9% higher than their 
morphological similarity (Fig. 6). When both the physiological and mor-
phological characteristics of these two strains are combined (Fig. 5), the 
76% similarity is too high to consider them separate species. The addi-
tion of the physiological data does not justify separate species status 
for these two sinuosum types and would support them as varieties of 
B. musculus (G i e s e 1973). 

Similarly, the combined morphological and physiological data (Fig. 5) 
show that the two B. americanum strains, Stanford and Monterey, have 
a stronger relationship (83%) than when either morphological (72%) or 
physiological (80%) characteristics are considered separately. This may 
indicate that the two California strains are more closely related than the 
previous studies indicate. 

The physiological results also support the inclusion of the Bangalore 
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A stocks, previously known as B. intermedium, with the japonicum group. 
Physiologically, the red and albino stocks have an 80% and 87% simila-
rity, respectively (Fig. 1), with the other japonicum stocks studied. When 
the morphological characteristics are considered also, the four japonicum 
stocks, Bangalore A red and albino, Yamagata, and Cameroun, cluster 
at the 81% phenon level (Fig. 5) and therefore can be considered similar 
enough to belong to a single species, B. japonicum. 

The difference between the red and albino stocks of the Bangalore A 
strain remains enigmatic. The albino mutant arose spontaneously in a clo-
ne culture of the Bangalore red strain and was believed to be morpho-
logically "identical" to the red form, except for the lack of pigment. 
D i L o r e n z o ' s study (1972) showed that the red and albino organisms 
had a 92% similarity and could be considered different forms of the 
same organism. However, the performance of these two stocks in the 
three antibiotics is very different. The red always survives much better 
than the albino mutant (Table 1). The division rate of the control orga-
nisms is also considerably higher for the red stock (Tabid 2). 

Physiologically there is only an 80% similarity between the two stocks 
(Fig. 1) as compared to the 92% m6rphological similarity found by D i-
L o r e n z o (Fig. 6). The physiological results imply that the difference 
between the red and albino forms of the Bangalore A strain could be 
more significant than the visible presence or absence of pigment. 

The physiological characteristics presented here are but a few that 
can be studied for Blepharisma. It would be interesting to see how other 
properties, such as mating behavior, regeneration, photosensitivity, resi-
stance to UV, etc., would fit into the numerical taxonomic scheme. 

The results in this paper indicate that the addition of physiological 
data makes a valid contribution to the numerical taxonomy of Blephar-
isma. Although small differences between the morphological and physio-
logical results occur when observing the levels of affini ty at which the 
clusters join, the ten stocks cluster into the same two major groups as 
those found for morphological characteristics, and thus, agree with earlier 
studies ( D i L o r e n z o 1972). 

Controversies arising from morphological methods are made clearer 
when physiological data are considered. This paper supports the combi-
ning of the Bangalore A stocks with the japonicum group. However, i t 
does not support the separation of the Lake Stella strain from the si-
nuosum group, and questions whether the difference between pigmenta-
tion and albinism in Blepharisma is as unimportant as previously indi-
cated ( H i r s h f i e l d et al. 1965). 

In conclusion, the physiological differences found among the selected 
stocks of Blepharisma resulting from the effects of streptomycin, peni-
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cillin and tetracycline on survival and growth, provide additional infor-
mation for the taxonomy of Blepharisma. 

The computerized physiological results support the belief that nume-
rical taxonomy is a useful and valid method for the classification of 
Blepharisma and encourage the use of additional non-morphological cha-
racteristics to emphasize fur ther the similarities and differences among 
the strains. Numerical taxonomy and computer analysis are convenient 
and practical tools which should be seriously considered when studying 
the taxonomy of other genera. 
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ZUSAMMENFASSUNG 

Zehn S t a m m k u l t u r e n von Blepharisma w u r d e n ge t rennt f ü r 96 S t u n d e n in Lö-
sungen von Streptomycin , Penici l l in und Tetracycl ine kul t iv ier t . Die Uber lebens-
und W a c h s t u m s r a t e f ü r j ede S t a m m k u l t u r in j edem der Ant ib io t ika w u r d e bes t immt . 
Nach 4 Tagen w u r d e n die über lebenden Zellen f ixier t , ge fä rb t u n d auf typische 
morphologische M e r k m a l e h inun te r such t . Uber lebens- und W a c h s t u m s r a t e und cha-
rak te r i s t i sche morphologische M e r k m a l e w u r d e n f ü r die Me thoden der numer i schen 
Sys temat ik codiert . Eine Compute r -ana lyse w u r d e d u r c h g e f ü h r t mi t dem Ziel, a l lge-
meine Ähnl ichke i ten zwischen den S t a m m k u l t u r e n festzustel len. Die S t a m m k u l t u -
r en f i e len in G r u p p e n w e n n morphologische und physiologische Da ten analys ier t 
w u r d e n . Die physiologischen Daten gaben zusätzliche In fo rma t ion zur Sys temat ik 
von Blepharisma u n d f ü r die Klassif iz ierung kont roverser Ar ten , die in der L i te ra -
tu re g e n a n n t we rden . 
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A. K. D A S 

Studies on Some Hypermastigids (Protozoa) from the Termites 
of West Bengal, India 

Synopsis. A sys t ema t i c accoun t of al l t he species of h y p e r m a s t i g i d s 
r e c o r d e d so f a r f r o m W e s t Bengal , a s t a t e of E a s t e r n Ind ia , cons i s t ing 
of n i n e spec ies of Holomastigotoides Grass i a n d Foa , t h r e e spec ie s of 
Spirotrichonympha G ra s s i a n d Foa and t w o species of Pseudotrichonym-
pha Gras s i a n d F o a h a s b e e n deal t w i th i n th i s p a p e r . T h i s i n c l u d e s 
t h r e e n e w species, namely , Holomastigotoides hollandei, H. emersoni a n d 
Spirotrichonympha roonwali. i n order to a sce r t a in t h e t a x o n o m i c s t a tus , 
d iagnos t i c c h a r a c t e r s a n d c o m p a r a t i v e m e n s u r a l d a t a h a v e a lso b e e n 
p r o v i d e d fo r some k n o w n species. 

The aim of the present paper is to give a systematic account of all 
the species of three genera of hypermastigids, namely, Holomastigotoides 
Grassi and Foa, Spirotrichonympha Grassi and Foa and Pseudotricho-
nympha Grassi and Foa recorded from the gut of termites of West Ben-
gal, a state of Eastern India. This is felt necessary because excepting 
some attempts by d e M e l l o (1927, 1935) and K a r a n d i k a r and 
V i t t a l (1954), that too on the hypermastigids from termites of Western 
India, no work of this type on this group of symbiotes of Indian ter-
mites has been undertaken so far. Over and above, the species described 
by d e M e l l o (1927, 1935, 1942, 1950) consisting of 54% of the total 
species of hypermastigids recorded from Indian subcontinent have created 
many inconveniences as referred by K i r b y on sever al occasions and 
C r o s s (1946), H o n i g b e r g (1970) and E m e r s o n (1971). To quote 
H o n i g b e r g (1970), "many of his (de M e 11 o's) description is rather 
inadequate and seems very likely that some organisms for which he pro-
posed new names were assignable to known species". 

In this context I have presented the morphology, various mensural 

2 — Acta Protozool. 15/2 
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data and characteristic features of each species recorded from West Ben-
gal with a view to clearing up the confusions regarding the taxonomic 
status of some of the known species. In this connection mention may be 
made that barring a single species, Spirotrichonympha pyriformis Chakra-
varty and Banerjee, I have collected and studied all the species discussed 
here. The measurements are solely based on own material. 

All the type-material will be deposited in the Zoological Survey of 
India. 

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

Termi tes w e r e collected f r o m d i f f e r en t p a r t s of West Bengal , Ind ia a n d f r o m 
d i f f e ren t hab i t a t s l ike t i m b e r depots, wood and logs, cemen ted b r ick-bu i l t wall , 
ply wood and pi tch boards . The l iving f lagel la tes w e r e s tud ied in f r e s h s m e a r s 
of gu t contents d i lu ted wi th 67% Locke's solution. For p e r m a n e n t p repa ra t ion , th in 
a n d u n i f o r m smea r s of t he gut contents m ixed wi th very l i t t le quan t i ty of 0.5(!/o 
sa l ine w e r e d r a w n on slides, f ixed in Schaud inn ' s f luid, Carnoy ' s f lu id a n d F lem-
ming ' s f lu id a n d s ta ined in He idenha in ' s and Delaf ie ld 's haematoxy l in . 

All t he m e a s u r e m e n t s we re t aken wi th the he lp of ocular m ic rome te r and 
d rawings w e r e m a d e w i t h t h e a id of a c a m e r a lucida. 

Hosts Examined 

In connection with my taxonomic studies of termite flagellates from 
West Bengal I have examined the gut contents of four hosts, namely, 
Heterotermes indicola (Wasmann), Coptotermes heimi (Wasmann), Crypto-
termes havilandi (Sjôstedt) and Neotermes bosei Snyder which are abun-
dantly available in this state. In the gut contents of all these hosts 
flagellates are amazingly numerous sometimes predominating over the 
real food of their host in quantity. This is so, because there is a t rue 
symbiotic relationship between them. To quote C l e v e l a n d (1924), "the 
protozoa receive from termites food and lodging for which they give in 
return protozoan wood digestion products". However, among the four 
hosts mentioned above only two, namely, Heterotermes indicola and Cop-
totermes heimi harbour hypermastigids in large number particularly in 
the rectal region while the other two hosts contain only the polymasti-
gids in their gut contents. 

A list of termite hosts with their symbiotic hypermastigids is given 
in Table 1. 
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Table 1 

A List of Termite-Host with their Symbiotic Hypermastigids 

No. of 
specimens 

Name of the host e x a m i n e d 

No. of 
specimens 

harbouring 
hypermastigids 

Species of hypermastigid 

Heterotermes indicola 
(Wasmann) 

Coptotermes heimi 
(Wasmann) 

315 

1000 

Cryptotermes havilandi 428 
(Sjostedt) 

Neotermes bosei Snyder 72 

315 

1000 

nil 

nil 

H. hollandei n. sp. 
H. campanula de Mello 
H. sphaeroidalis de Mello 
H. globosus de Mello 
H. bengalensis Chakravarty and Banerjee 
H. magnus Uttangi 
P. indica Chakravarty and Banerjee 
H. emersoni n. sp. 
H. ogivalis de Mello 
H. rayi Karandikar and Vittal 
S. roonwali n. sp. 

froilanoi Karandikar and Vittal 
P. cardiformis Karandikar and Vittal 
P. indica Chakravarty and Banerjee 
nil 

nil 

S y s t e m a t i c A c c o u n t 

Holomastigotoides hollandei n. sp. 

Fig. 1 PI. 11 

Morphology 

Body is more or less round in shape with finger like projection at 
the anterior end, sometimes bearing an apical pit. Flagella cover the 
whole of the body in dexiotropic rows. Of course, the posterior extremity 
of the body is thickly studded with much longer flagella. Nucleus is 
ovoidal in shape situated at the anterior part of the body. Axostyle is 
fibrillar and well developed reaching obliquely almost the posterior part 
of the body. Around the anterior end of the nucleus there is a dense 
homogeneous irregular mass, the prenuclear zone, which is very conspi-
cuous in permanent preparations. 

Measurements 
M e a n Range 

Leng th of t h e b o d y 71 (im 45.9-96 fim 
Bread th of t h e body 51.4 ^ m 30.&-73.1 urn 
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Length of t he nuc leus 
Bread th of t h e nucleus 
Length of f lagel la 
Length of t he f lagel la of poster ior ex t remi ty 
Rat io of body- length to body-wid th 
Rat io of body- length to nuclear l eng th 

13.3 (xm 
9.5 urn 
12 um 
21.5 urn 
1.4 

10.1-114.4 urn 
6.8-11.9 |xm 
8.5-15 (im 
17-25.5 urn 
1.2-1.7 

6.8 4.8-9.2 

Type-Hos t : Heterotermes indicola (Wasmann) ; 
Local i ty : B a r r a c k p u r (24-Parganas District), West Bengal , India. 

Remarks 

H. hollandei n. sp., by its round shape, moderately projected finger 
like elevation with apical pit at the anterior end, well developed oblique 
axostyle, distinct prenuclear zone and long flagella restricted to the po-
sterior extremity has a distinct and separate identity and can be conve-
niently isolated from any other species of Holomastigotoides hitherto des-
cribed. It, however, resembles H. rayi Karandikar and Vittal only having 
apical pit and distinct prenuclear zone. But H. rayi has oval shape, very 
large size, 200 X 125 iim (H. rayi obtained f rom the termites of West 
Bengal measures 104.1 X 66.2 fim) and faintly marked axostyle. Moreover, 
its posterior-fifth region is completely devoid of any dexiotropic flagellar 
rows which are replaced by some thickly grown irregularly arranged 
flagella. 

Fig 1. Holomastigotoides hollandei n. sp. ( a r r angemen t of f lagel la par t ly shown) 
Fig. 2. Holomastigotoides emersoni n. sp. ( a r rangement of f lagel la pa r t ly shown) 

2 1 
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Holomastigotoides emersoni n. sp. 

Fig. 2 PL I 2 

Morphology-

It is club-shaped, the maximum width being near the posterior half 
of the body. There is a considerable elevation at the anterior end form-
ing a nipple like structure while the posterior end is broadly round. 
Flagella are of two types. The shorter ones cover the major portion of 
the body dexiotropically and the longer ones are restricted only to the 
posterior extremity. 

Nucleus is round in shape and located near the anterior pole of the 
body. Axostyle is ill developed. Around the anterior portion of the 
nucleus a dense and homogeneous prenuclear zone is distinctly visible in 
this species. 

Measurements 

M e a n Range 
Length of t h e body 97 (urn 76.5-110.4 urn 
Bread th of t h e body 40.5 M.m 28.9-47.6 |iim 
Leng th of t h e nuc leus 8 M-m 6.8-10.2 urn 
Bread th of t h e nuc leus 7.5 ixm 6.2-10.3 n m 
Leng th of shor te r f lagel la 7 M-m 6-7.5 (.im 
Leng th of longer f lagel la 12 urn 10-15 (.im 
Rat io of body- length to body-wid th 2.2 1.9-2.5 
Rat io of body- leng th to nuclear length 13.3 10.9-il5 

Type -hos t : Coptotermes heimi (Wasmann) ; 
Loca l i ty : Fa l t a (24-Parganas District), West Bengal, Ind ia 

Remarks 

H. emersoni n. sp. somewhat resembles H. elongata Uttangi as the 
latter possesses well developed prenuclear zone and lacks any axostyle 
(vs. ill developed axostyle of H. emersoni). But H. elongata differs con-
siderably from the species under report in many major characters as 
presented in Table 2. 

Holomastigotoides campanula de Mello, 1927 

Fig. 3 

Type-hos t : Heterotermes (= Leucotermes) indicola (Wasmann) ; B r a n c a v a r a 
(Diu), India . 

Addi t iona l hos ts : Heterotermes malabaricus Snyde r ; D h a r w a r , Ind ia and Copto-
termes heimi (Wasmann) ; Dha rwar , India. 
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Table 2 

Comparison of H. emersoni n. sp. with Related Species 

H. elongata H. emersoni n. sp. 

Body configuration 'elongated, slender 
and cylindrical' 

more or less club-shaped 

Lenght (average) 
Breadth (average) 
Length-breadth ratio 
Length of the nucleus 
Breadth of the nucleus 
Flagella One type; 20 fim 

167 (im 
50 [xm 

3.3 
15 pun 
10 [xm 

two types; shorter ones — 7 jj.m 
longer ones — 12 [im 

ill developed 

97 (i.m 
40.5 |im 
2.2 
8 fi.m 
7.5 (xm 

Axostyle absent 

Morphology-

Body resembles exactly a bell jar without apical knob. Flagella are 
of two types. Shorter ones are arranged all over the body in dexiotropic 
rows and the longer ones are restricted to the posterior extremity of the 
body. Nucleus is more or less oval and located near the anterior pole of 
the body. Axostyle is distinct but short. Prenuclear zone is absent. 

Mater ia l : Collected f r o m the gut of Heterotermes indicola (Wasmann) ; 
Local i ty: I n d i a n M u s e u m campus, Calcutta, West Bengal. 

Measurements 

In Table 3 the measurements of the specimens collected from the 
termites of West Bengal are given and compared with those of the speci-
mens recorded by d e M e l l o (1927) and by K a r a n d i k a r and 
V i t t a l (1954). 

The specimens collected f rom the termites of West Bengal are by 
far the smallest in dimensions. But the average length-breadth ratio is 
much nearer to that of the specimens described by d e M e l l o (1927). 
This species can be conveniently identified by its body-shape, axostyle 
and by the absence of prenuclear zone. 

Holomastigotoides ogivalis de Mello, 1935 

Fig. 4 

Type-hos t : Coptotermes sp.; Daman , India. 
Addi t ional hos t : Coptotermes heimi (Wasmann) ; Dha rwar , India. 

Remarks 
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Fig. 3. Holomastigotoides campanula de Me l lo ( a r r a n g e m e n t of f l age l l a p a r t l y s h o w n ) 
Fig. 4. Holomastigotoides ogivalis d e Me l lo ( a r r a n g e m e n t of f l age l l a p a r t l y s h o w n ) 

Morphology 

Body shape resembles an inverted cup with a blunt finger like ele-
vation at the anterior end. Shorter flagella occupy the whole of the body 
in dexiotropic rows leaving the posterior extremity which is thickly set 
with longer flagella. Nucleus is oval. Axostyle is distinct. Prenuclear zone 
is clearly visible in permanent preparation. 

M a t e r i a l : Col lec ted f r o m t h e g u t of Coptotermes heimi ( W a s m a n n ) . 
Loca l i t y : H a l d i a ( M i d n a p u r Dis t r ic t ) a n d F a l t a (24 -Pa rganas Distr ict) , W e s t 

Bengal . 

Measurements 

D e M e l l o (1935) described this species from Coptotermes sp. and 
noted the dimensions of only two specimens as 44 X 99 jam and 
49 X 44 [im respectively. Subsequently K a r a n d i k a r and V i 11 a 1 
(1954) recorded it f rom Coptotermes heimi (Wasmann) collected f rom 

L e n g t h of t h e body 
B r e a d t h of t h e body 
L e n g t h of t he nuc leus 
B r e a d t h of t h e n u c l e u s 
L e n g t h of s h o r t e r f l age l l a 
L e n g t h of l onge r f l age l l a 
R a t i o of b o d y - l e n g t h to b o d y - w i d t h 
Ra t io of b o d y - l e n g t h to n u c l e a r l eng th 

Meatn 
82.3 (im 
55.7 [im 
11.8 n m 
8 M.m 

R a n g e 
71.4-91.8 n m 
34-74.8 [im 
10.2-12.7 n m 
6.1-9.5 n m 
6-7 M-m 
9-10 |.im 
1 . 2 - 1 . 6 
6.2-8.8 

1.5 
7.4 

Remarks 
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Dharwar, India and put only the average dimensions of the species as 
90 X 80 |im. H. ogivalis is, of course, readily recognizable by its conspi-
cuous body shape, distinct axostyle and prenuclear zone. 

Holomastigotoides sphaeroidalis de Mello, 1935 

Fig. 5 

Type-hos t : Coptotermes sp.; Daman , India. 
Addi t ional hosts : Coptotermes heimi (Wasmann); D h a r w a r , Ind ia and Hete-

rotermes malabaricus Snyde r ; D h a r w a r , India. 

Morphology 

Body-shape is spherical as indicated by its specific name. Flagella 
are of one type covering the body dexiotropicaHy. Nucleus is circular in 
shape and situated very near a point at the anterior end from which 
the flagellar bands seem to diverge out. Axostyle is well developed and 
prenuclear zone is distinct. 

Mater ia l : Collected f r o m t h e gut of Heterotermes indicola (Wasmann) . 
Local i ty: Ind ian Museum Campus, Calcutta, West Bengal . 

Measurements 

M e a n 
Diameter of t he body 76.8 n>m 
Diameter of the nucleus 7.8 urn 
Rat io of the d i ame te r of t he body to the diameter 
of t h e nucleus 9.9 

Remarks 

D e M e l l o (1935) described Ii. sphaeroidales f rom Coptotermes sp. 
giving thereby the measurements of three specimens only as 41 X 39 |im, 
43 X 41 iim and 49 X 47 jim respectively. K a r a n d i k a r and V i 11 a 1 
(1954) recorded this species from Coptotermes heimi and Heterotermes 
malabaricus and described it as perfectly spherical with a diameter of 
100 um. My material from Heterotermes indicola which is a new host for 
this symbiote, has exactly the same shape as described by K a r a n d i -
k a r and V i t t a l (1954) but possesses a distinct prenuclear zone which 
is not observed by any other previous worker. 

Holomastigotoides globosus de Mello, 1935 

Fig. 6 

Type-hos t : i nde te rmined ; B r a n c a v a r a Village (Diu), India . 
Addi t ional hosts : Coptotermes sp.; Daman, India a n d Heterotermes malaba-

ricus Snyder ; Dha rwar , India. 

Range 
67.5-86.2 u m 
7.5-9.4 u m 

9—11.; 
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Fig. 5. Holomastigotoides sphaeroidalis de Mello ( a r rangement of f lagel la par t ly 
shown) 

Fig. 6. Holomastigotoides globosm de Mello ( a r r angemen t of f lagel la pa r t ly shown) 

Morphology 

It is typically oval in shape. Flagella are of one type. Nucleus is 
ovoidal but rarely round and located near the anterior end of the body. 
Axostyle is moderately developed reaching almost the middle of the 
body. Prenuclear zone is lacking. 

Mater ia l : Collected f r o m t h e gu t of Iieterotermes indicola (Wasmann) ; 
Local i ty : B a r r a c k p u r (24-Parganas District), West Bengal . 

Measurements 

In Table 4 mensural data of the specimens collected from the termites 
of West Bengal is given and compared with that of the specimens recor-
ded by earlier workers. 

Remarks 

H. globosus is a new record from the host Heterotermes indicola. The 
specimens from the termites of West Bengal differ from those of original 
description in being larger in dimensions and in having different length-
breadth ratio. But their body-shape, nature of axostyle and absence of pre-
nuclear zone are in conformity with those of H. globosus. Length-breadth 
ratio of the present material is, of course, nearer to that of the specimens 
recorded by K a r a n d i k a r and V i t t a l (1954) from the host Hete-
rotermes malabaricus. 
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Holomastigotoides rayi Karandikar and Vittal, 1954 

Fig. 7 
Type-hos t : Coptotermes heimi (Wasmann) ; D h a r w a r , India . 

Morphology 

It is oval in shape. Apical pit is sometimes visible at the anterior end. 
Body is covered with two types of flagella. The shorter ones cover the 
body in a regular dexiotropic spiral while the longer ones are densely 
and irregularly set around the area of about one-f if th of the posterior 
region of the body. The latter are, of course, not steriocilia. Nucleus is 
ovoidal and anteriorly located. Axostyle is faintly visible. Prenuclear 
zone is distinct in stained preparation. 

Mater ia l : Collected f r o m the gut of Coptotermes heimi (Wasmann) ; 
Local i ty : Ha ld ia (Midnapur District) a n d Fa l t a (24-Parganas District) , West 

Bengal. 

Measurements 

Table 5 
Comparison of Measurements of Holomastigotoides rayi with those of Type Specimens 

Specimens described by 
Karandikar and Vittal 

Specimens from West 
Bengal termites 

Length of the body 
Breadth of the body 
Length of the nucleus 
Breadth of the nucleus 
Length of flagella covering the major 

portion of the body 
Length of flagella covering the posterior 

region of the body 
Area covered by the second type of 

flagella 
Ratio of body-length to body-width 
Ratio of body-length to nuclear length 

200 (Jim 
125 [xm 

not given 
not given 

12-16 |i,m 

nearly equal in length 
about one-fifth of the body 

length 
1.6 

104.1(88.4-125.8) jxm 
66.3(61.2-70.5) fim 
12.7(11.9-13.6) [i.m 
10.2(9.3-11.5) [im 

10 fi.m 

14-15 [im 
20.8(18-23) jj.m (about 

one-fifth of the body length) 
1.6(1.4-1.8) 
8.2(7.8-9.3) 

Remarks 

H. rayi collected from the termites of West Bengal (same as the type 
host) is considerably smaller in dimension than that recorded by K a-
r a n d i k a r and V i t t a l (1954) though length-breadth ratio of both 
the material is equal. Second type of flagella are longer than the first 
type in the specimens collected f rom West Bengal while K a r a n d i k a r 
and V i t t a l (1954) described these as 'nearly equal in length'. The se-
cond type of flagella are irregular in its orientation. They cover appro-
ximately one f i f th of the posterior region of the body as shown in Table 5. 
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Fig. 7. Holomastigotoides rayi K a r a n d i k a r and Vittal ( a r rangement of f lagel la par t ly 
shown) 

Fig. 8. Holomastigotoides bengalensis Chakravar ty and B a n e r j e e ( a r rangement of 
f lage l la par t ly shown) 

Holomastigotoides bengalensis Chakravarty and Banerjee, 1956 

Fig. 8 

Type-hos t : Heterotermes sp. ; Calcut ta , India. 

Morphology 

Body is more or less oval but sometimes elliptical. Anterior end is 
bluntly pointed resembling a nipple and the posterior end is rounded. 
Flagella are of two types. The shorter ones cover the major portion of 
the body in dexiotropic manner leaving a posterior portion which is 
glabrous and completely devoid of any flagellar band. The longer ones 
occupy the posteriormost portion of the body. Axostyle is well developed 
extending very near the posterior extremity of the body. Prenuclear zone 
is a densely granulated conical area around the anterior end of the 
nucleus. 

Mater ia l : Collected f r o m the gut of Heterotermes indicola (Wasmann) ; 
Local i ty : Ind ian M u s e u m Campus , Calcutta, West Bengal . 

J 
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Measurements 

Table 6 

Comparison of Measurements of Holomastigotoides bengalensis from Different Hosts 

From type host From Heterotermes indicola 

Length of the body 81.9(27.8-135) [im 95.4(83.3-107.1) [im 
Breadth of the body 53.2(21.4-87.5) (Jim 57(47.6-66.3) um 
Legnth of the nucleus not given 12.9(12.7-13.6) [im 
Breadth of the nucleus not given 12.5(11.6-13.4) [xm 
Length of shorter flagella not given 8-9 [Jim 
Length of longer flagella not given 11-12 [Jim 
Ratio of body-length to body-width 1.5(1.2-1.8) 1.6(1.6-1.7) 
Ratio of body-length to nuclear length - 8.5(6.5-10.5) 

Remarks 

C h a k r a v a r t y and B a n e r j e e (1956) described H. bengalensis 
f rom an indetermined species of Heterotermes collected from various 
timber depots of Calcutta. I have recorded this species from the host 
Heterotermes indicola collected almost from the same locality. In course 
of cataloguing termite fauna occurring in West Bengal M a i t i (1971) 
has stated that the host used by C h a k r a v a r t y and B a n e r j e e 
(1956) for termite flagellates is probably Heterotermes indicola because 
this is the only species of Heterotermes available in Calcutta. 

The present material of H. bengalensis is quite identical with the 
types in all respect except that they are little larger in dimensions as 
presented in Table 6. 

Holomastigotoides magnus Uttangi, 1962 

Fig. 9 
Type host : Heterotermes indicola (Wasmann) ; G u j a r a t and Mysore, Ind ia . 

Morphology 

It is large and ovoidal. Both the anterior and the posterior end is 
broadly round. Flagella are of one type covering the major portion of 
the body leaving a posterior glabrous region measuring about one f i f th 
of the body length. This portion is completely devoid of any flagella. 
Nucleus is round and situated near the anterior end of the body. Axostyle 
is fibrous and moderately developed reaching beyond the middle region 
of the body. Prenuclear zone is clearly visible in stained preparation. 

Mater ia l : Collected f r o m the gut of Heterotermes indicola (Wasmann) ; 
Local i ty : B a r r a e k p u r (24-Parganas District), West Bengal. 
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Measurements 
Table 7 

Comparison of Measurements of Holomastigotoides magnus from Different Hosts 

From type host 
From the termites of West 

Bengal 

Length of the body 165 (Jim 125.1 (100.3-170) [i.m 
Breadth of the body 110 [xm 87.7(74.8-102) (xm 
Diameter of the nucleus 15-20 [J.m 15.3(13.6-17) |xm 
Length of flagella not given 9-12 (im 
Length of the glabrous portion of one fifth of total body 25.5 [im (one fifth of 

the body length the total body-length) 
Ratio of body-length to body-width 1.5 1.4(1.3-1.6) 
Ratio of body-length to nuclear length - 10.5(9-12.4) 

Remarks 

U t t a n g i (1962) described this species from the gut of Heterotermes 
indicola (Wasmann) collected from Gujarat and Mysore. The specimens 
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collected from the termites of West Bengal (same as the type host) are 
quite identical with those described by U t t a n g i in their characteristic 
features except that they are smaller in dimensions. 

Spirotrichonympha roonwali n. sp. 

Fig. 10 P. I 3, 4 

Morphology 

Body is pyriform in shape with a finger like projection at the ante-
rior end bearing a hyaline apical cap or operculum; the greatest width 
is near the posterior end of the body. Nucleus is more or less round. 
Prenuclear zone is dense and conical. Four spirally arranged flagellar 
bands arise from the base of centroblepharoplast which is situated at 
the tip of the body. These bands turned round the body dexiotropically 
and reach almost up to the posterior end. They contain numerous basal 
granules which give rise to flagella. Flagella are of one type measuring 
13-16 |xm in length. 

Axostyle is thin consisting of many fine fibres. It extends beyond the 
middle region of the body but does not reach up to the posterior extre-
mity. 

Fig. 10. Spirotrichonympha roonwali n. sp. 
Fig. 11-12. Spirotrichonympha froilanoi K a r a n d i k a r a n d Vit ta l 
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Measurements 
M e a n R a n g e 

L e n g t h of t h e b o d y 39 | im 35-42 n m 
B r e a d t h of t h e b o d y • 20.4 ixm 18-22.4 jam 
L e n g t h of t h e n u c l e u s 5.1 | i m 4.8-5.7 n m 
B r e a d t h of t h e n u c l e u s 4.5 M.m 4.2—5 (xm 
L e n g t h of t h e f l a g e l l a - 13-16 n m 
R a t i o of b o d y - l e n g t h to b o d y - w i d t h 1 -9 1.7-2J1 
R a t i o of b o d y - l e n g t h to n u c l e a r l e n g t h 7.6 7.5-8 

T y p e h o s t : Coptotermes heimi ( W a s m a n n ) 
Loca l i t y : F a l t a ( 2 4 - P a r g a n a s Distr ict) , Wes t Bengal , Ind ia . 

Remarks 

Being pyriform in body-shape and in having well developed beak like 
operculum at the anterior end, widened posterior part and an indistinct 
axostyle not extending up to the posterior end of the body, this symbiote 
is easily distinguishable from all the hitherto described species of Spiro-
trichonympha Grassi and Foa. 

From the gut of Coptotermes heimi collected in Indian sub-continent 
four species of Spirotrichonympha, namely, S. flagellata Grassi and Foa, 
S. elongata Grassi, S. froilanoi Karandikar and Vitt&l and S. karnataki 
Karandikar and Vittal have been recorded so far. S. roonwali n. sp. dis-
tinctly differs from them because: 

(1) S. flagellata has an elongated body rounded at the bottom and 
a thick and fibrous axostyle; 

(2) S. elongata is elongated in body form, swollen at the middle and 
tappering at the ends with the axostyle extruded out from the posterior 
extremity of the body; 

(3) S. froilanoi is conical in body-shape with broad and compressed 
posterior end containing conspicuously large flagella in a brush-like 
manner and the axostyle being distinct, thick and cord like; and 

(4) S. karnataki has the same body shape as that of S. froilanoi but 
posterior extremity of the body is completely devoid of any flagella. 
This species has also a prominent axostyle projecting outside through the 
posterior surface. 

Spirotrichonympha froilanoi Karandikar and Vittal, 1954 

Fig. 11, 12 
T y p e h o s t : Coptotermes heimi ( W a s m a n n ) ; D h a r w a r , Ind ia . Heterotermes mala-

baricus S n y d e r ; D h a r w a r , I nd i a . 

Morphology 
These flagellates have cone-shaped body with the anterior portion 

narrowed to a blunt end; posterior surface is broadest and usually de-

3 — Acta Protozool. 15/2 

http://rcin.org.pl



118 A. K. DAS 

pressed. Nucleus is somewhat round and located near the anterior third 
of the body. There are four flagellar bands originating from the centro-
blepharoplast which is covered by hyaline apical operculim. Flagella are 
of two types. The shorter ones cover the entire body dexiotropically 
excepting the posterior surface which is studded with a bunch of very 
long flagella. They are so long in comparison to the body length and so 
thickly grown that they resemble a tuf t of hair emerging out f rom a brush. 
Axostyle is very distinct and cord like in the post nuclear region. Usually 
it does not protrude outside but goes obliquely towards the posterior 
surface of the body. But in rare case it protrudes prominently to a shorter 
length through the posterior surface (Fig. 12). 

Mate r i a l : Collected f r o m the gut of Coptotermes heimi (Wasmann) ; 
Local i ty : Fa l ta (24-Parganas, District), West Bengal. 

Measurements 

Table 8 

Comparison of Measurements of Spirotrichonympha froilanoi with those from Original Description 

Length of the body 
Breadth of the body 
Length of nucleus 
Breadth of the nucleus 
Length of first type of flagella 
Length of second type of flagella 
Ratio of body-length to body-width 
Ratio of body-length to nuclear length 

Remarks 

From original 
description 

50 ji.m 
25 [jtm 

] 5 [i.m 
25 [xm 
2 

Fiom the termites of 
West Bengal 

29(20.4-42.5) pirn 
16.8 (11.9-27.2) (Am 
4.5(3.4-5.1) [xm 
4.2(3-4.6) (J.m 
9 -10 fxm 

15-20 [xm 
1.7(1.4—2.1) 
6.4(5.2-8.5) 

K a r a n d i k a r and V i t t a l (1954) described S. froilanoi f rom the 
gut of Coptotermes heimi and Heterotermes malabaricus collected in 
Dharwar (Mysore), India. They stressed on the character, namely 'presence 
of conspicuously long flagella spreading out from the posterior surface 
in a brush like manner ' for specific diagnosis. This characteristic feature 
is non-exceptionally noted in the specimens collected from the termites 
of West Bengal. But as evident from Table 8, 5. froilanoi f rom West 
Bengal is considerably smaller in dimensions and its length-breadth 
ratio deviates slightly from the previous record. 

One notable feature observed by me m S. froilanoi is that the axo-
style, though in rare cases, may protrude outside to a very short distance. 
This is not in conformity with the original description of the species. 
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K a r a n d i k a r and V i 11 a 1 (1954) described another species, S. karna-
taki from Coptotermes heimi collected from the same place, Dharwar, 
and noted two characteristic features for its specific diagnosis; (i) axostyle 
always protrudes outside into a short or long distance and (ii) posterior 
surface of the body is completely devoid of any flagella. According to 
them, the first character is an 'outstanding feature which distinguishes 
this species from S. froilanoi'. But I have observed this in 5. froilanoi 
obtained from the termites of West Bengal. Consequently, this can not 
be treated as the characteristic feature of S. karnataki. 

So, the range of difference between the two species S. froilanoi and 
S. karnataki seems to be very narrow and their specific diagnosis is 
solely dependent on the presence or absence of flagella on the posterior 
extremity. 

Spirotrichonympha pyriformis Chakravarty and Banerjee, 1956 

Type hos t : Heterotermes sp ; Calcuta, India . 

Morphology 

It is pear-sharped with the anterior end terminating to a point. The 
average dimension of the species is 30.02 X 15.48 jxm and its length-bre-
adth ratio varies from 1.25 to 2.50. Nucleus is spherical measuring 5.35 [.im 
to 8.56 um in diameter, situated at the anterior third of the body. It 
possesses an eccentric nucleolus and scattered chromatin granules. Axo-
style is not detected. 

Remarks 

In course of present investigation I could not collect this species from 
the termites of West Bengal. The diagnostic characters and mensural 
data presented here are taken from original description ( C h a k r a v a r -
t y and B a n e r j e e 1956). 

Pseudotrichonympha cardijormis Karandikar and Vittal, 1954 

Fig. 13 

Type-hos t : Heterotermes malabaricus Snyde r ; D h a r w a r , India. Coptotermes heimi 
(Wasmann) ; Dha rwar , India. 

Morphology 

Body is typically heart-shaped. Its anterior part consists of a bell like 
campanula which seems to be demarcated by a faintly stained circlet 
like line from the rest of the body. The central portion of the campanula 
is known as the rostral tube which has a constant length of 7.5 |im. The 
tube bears a more or less transparent hemispherical apical cap and is 
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Fig. 13. Pseudotrichonympha cardiformis K a r a n d i k a r a n d Vit ta l 
Fig. 14. Pseudotrichonympha indica C h a k r a v a r t y a n d B a n e r j e e 

closed at the bottom. The campanular surface is covered with three types 
of flagella distinguishable f rom one another in location and in length. 
First type of flagella is the shortest and immobile and are strictly confi-
ned to the rostral tube. Second type of flagella is the longest and arran-
ged below the first one in a thick circular band. Third type of flagella 
is arranged in longitudinal rows in a leiotropic manner. They cover the 
campanula and the rest of the body except the short glabrous end of the 
posterior extremity. Nucleus is spherical and located generally above the 
middle region of the body. Parabasal apparatus is cord-like and generally 
found near the vicinity of the nucleus. Endoplasm is distinguishable into 
two zones, anterior one is finely granular while the posterior one con-
tains large granules. 

Mater ia l : Collected f r o m t h e gut of Coptotermes heimi (Wasmann) ; 
Local i ty: Fa l t a (24-Parganas District); Haldia (Midnapur District), West Bengal . 
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Measurements 

Mensural data of the specimens collected from termites of West Ben-
gal and that of the specimens described by K a r a n d i k a r and V i 11 a 1 
(1954) are given in Table 9. 

Table 9 

Comparison of Mensural Data of Pseudotrichonympha cardiformis with that of the Specimens 
Described by K a r a n d i k a r and V i t t a l (1954) 

_ . . , , . . From termites of West 
From original description n , 

Mean Range Mean Range 

Length of the body — 100-125 (ira 239.4 [Am 213.7-352.5 [Am 
Breadth of the body - 50-150 (xm 131.2 [Am 82.5-247.5 [Am 
Length of the nucleus - 14 -27 [xm 25.6 [Am 22.5-37.5 [Am 
Breadth of the nucleus — 14-27 (im 25.5 [Am 20-33.7 [Am 
Ratio of body-length to body-width - - 1.9 1.3-2.6 
Ratio of body-length to nuclear 

length - - 9.6 9.4-9.9 
Length of rostrum - 7-18 |xm 7.5 [Am — 

Length of campanula - 28-35 [Am (from C. heimi) 18.4 [Am 16.8-22.5 [Am 
Campanula in maximum width — 40-50 [Am (from C. heimi) 40.6 [Am 37.5-45 [Am 
Height of the apical cap - 3-5 [Am 3 [Am — 

Length of first type of flagella - 6-8 (Am - 5-7 [Am 
Length of second type of flagella — 18-20 [Am — 17-18 [Am 
Length of third type of flagella - 12-14 [Am - 9-10 [Am 

Remarks 

P. cardiformis collected from termites of West Bengal is considerably 
bigger in dimension. But it is heart-shaped in appearance on the basis of 
which specific name cardiformis was assigned by K a r a n d i k a r and 
V i t t a l (1954). 

Pseudotrichonympha indica Chakravarty and Banerjee, 1956 

Fig. 14 

Type-hos t : Heterotermes sp.; Calcut ta , West Bengal. 

Morphology 

It is much elongated with its broadest part being almost near the 
middle. Campanular region is very short in comparison to body-length. 
Rostral tube has the length of 6 to 6.5 fim bearing the apical cap. Fla-
gella are of three types occupying the same position as described in 
P. indica. Nucleus is more or less circular and located near the middle of 
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the body containing scattered chromatin granules. But sometimes, though 
very rarely, it is found to occupy the posterior region. Endoplasm is 
granular sometimes containing fragment of wood. 

Mater ia l : Collected f r o m the gut of Coptotermes heimi (Wasmann) ; 
Local i ty: Fa l ta (24-Parganas Distr ict) ; and f r o m Heterotermes indicola (Was-

m a n n ) ; local i ty: I n d i a n Museum campus, Calcut ta , West Bengal. 

Measurements 

Table 10 

Comparison of Mensural Data of Pseudotrichonympha indica with that of the Specimens Described 
by C h a k r a v a r t y and B a n e r j e e (1956) 

From original From the termites of West 
description Bengal 

Mean Range Mean Range 

Length of the body — 220-300 [Jim 193.8 jam 165-221.2 (xm 
Breadth of the body - 38-55 ^m 38.2 [i.m 22.5-52.5 fini 
Length of the nucleus - 10.26-11.4 [i.m 15.1 (i.m 10.2-18.7 um 
Breadth of the nucleus - 10.26-11.4 [Jim 13.5 |xm 10.2-15 (xm 
Ratio of body-length to body-width - ' - 5 4.2-7.3 
Ratio of body-length to nuclear length - - 13.5 11.5-15.9 
Length of rostrum — — - 6-6.5 
Length of campanula - - 16.6 (j.m 16.3-17 (j.m 
Campanula in maximum width - - 12 pun 9.3-14 [xm 
Height of the apical cap - - 3.2 |im -

Length of first type of flagella - - - - 5-6 [xm 
Length of second type of flagella - - - 11-12 (im 
Length of third type of flagella - - - 7-8 (xm 

Remarks 

C h a k r a v a r t y and B a n e r j e e (1956) described P. indica from 
some unidentified species of Heterotermes. I have recorded it from the 
gut of two hosts as mentioned above. The specimens recorded from 
Heterotermes indicola are exactly identical with the types in all char-
acteristic features except that they are smaller in dimensions. 

As stated earlier the host used by C h a k r a v a r t y and B a n e r j e e 
(1956) being Heterotermes indicola, Coptotermes heimi is a new host 
recorded for P. indica. 

A C K N O W L E D G E M E N T S 

Sincere t h a n k s a r e due to t h e Director, Zoological Survey of India f o r the 
facil i t ies provided in connect ion wi th th is work . I a m also indebted to Dr. P. K. Mai-
ti, Zoological Survey of Ind ia for ident i fy ing the t e r m i t e hosts used f o r th is 
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study, Dr. A. Chowdhury , Dept. of Zoology, Science College, Calcut ta fo r m a n y 
usefu l suggest ions and Dr. K. Mishra of the s ame d e p a r t m e n t for photomicro-
graphs. 

R É S U M É 

Le t r ava i l passe en revue sys témat ique toutes les espèces des Hypermastigida 
t rouvées ju squ ' à p résen t au Bengal Occidental (un é ta t dans la p a r t i e est des Indes), 
à savoir neuf espèces de Holomastigoides Grassi et Foa, trois espèces de Spiro-
trichonympha Grassi et Foa, et deux espèces de Pseudotrichonympha Grassi et Foa. 
Trois espèces nouvel les se t rouven t dans ce nombre , n o t a m m e n t : Holomastogoides 
hollandei, H. emersoni et Spirotrichonympha roonwali. P o u r m e t t r e en évidence 
leur posi t ion taxonomique , les ca rac tè res d iagnost iques e t les données mé t r iques 
compara t ives sont fourn ies éga lement pour que lques espèces dé jà connues. 
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1: Holomastigotoides hollandei n. sp. X 410 
2: Holomastigotoides emersoni n. sp. X 325 
3-4: Spirotrichonympha roonwali n. sp. X 957 
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T a y y a b a S U L T A N A 

Three Species of Flagellates of the Genus Retortamonas 
(.Mastigophora : Retortamonadidae) from Gryllotalpa africana 

in India 

Synopsis. T h e morpho logy of t w o n e w species of t h e g e n u s Retortamo-
nas, be s ides R. wenrichi S tab le r , 1944 is descr ibed f r o m t h e g u t c o n t e n t s 
of Gryllotalpa africana. T h e p r e sence of a k n o b b e d r o d - l i k e s t r u c t u r e 
b e h i n d t h e n u c l e u s is r eco rded f r o m R. wenrichi. R. aurangabadensis 
n. sp. is c h a r a c t e r i z e d by a sac- l ike body a n d a l ong t a p e r i n g tai l , 
a b l e p h a r o p l a s t i c c o m p l e x of t h r e e g r anu l e s l a t e r a l t o t h e nuc leus , 
a cy to s tome b o r d e r e d by t h r e e f i b r i l s a n d a deep ly s t a i n i n g cap - l i ke 
b o d y a t t h e a n t e r i o r end . R. nagabhushani n. sp. is c h a r a c t e r i z e d by 
a s p i n d l e s h a p e d body devoid of a pos te r ior tail , a p a i r of b l e p h a r o -
p l a s t s a n d a s ingle c y t o s t o m a l f ib r i l . 

Flagellates belonging to this genus were first recorded and named by 
G r a s s i (1879) on the basis of material collected from the mole cricket. 
He named it Retortamonas gryllotalpae, with a very brief description. 
Later in 1881, he gave a longer description of these forms together with 
illustrations, but placed them in the genus Plagiomonas, without assigning 
any specific reasons. D o f l e i n (1901) referred this species to the genus 
Bodo, while S t i l e s (1902) reviewed G r a s s i ' s work and suggested 
that Plagiomonas must be regarded as a synonym of Retortamonas. M a-
c k i n n o n (1911) described a flagellate from the caddis fly larva, naming 
it Embadomonas agilis. Later in 1912, she recorded this species as 
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well as a second species E. alexeieffi from crane fly larvae. Subsequently 
several species of this genus were described by different workers. W e n -
r i c h (1932) made a detailed study of similar flagellates from mole cricket 
and in view of their similarity to R. gryllotalpae, synonymized Embado-
monas with Retortamonas, and named a new family Retortamonadidae 
to accommodate these flagellates. Though some workers like B i s h o p 
(1934) and D o b e l l (1935) disagreed with W e n r i c h's conclusions, 
most of the recent workers have followed the Jatter's CGurse and placed 
these flagellates in the genus Retortamonas. 

Species of this genus inhabit the gut of several arthropods and as 
many as 11 species have been described so far. During the course of 
a survey of the flagellate fauna of the mole cricket Gryllotalpa africana 
in India, carried out by the author, three species of this genus were 
encountered. On detailed examination, one of them was found to re-
semble R. wenrichi Stabler, 1944 while the other two were different 
from all the recorded species. The present communication contains a de-
tailed descriptions of these forms and a general comparison of the species 
of this genus from various arthropods. 

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

During t h e present survey, t h r ee species of t h e genus Retortamonas w e r e 
observed in t h e contents of t h e h ind gut of Gryllotalpa africana. T w o of these, 
which a r e new to science, w e r e found in a b u n d a n c e dur ing t h e mon ths of Ju ly 
a n d August . Thei r inc idence w a s relat ively ve ry low dur ing the rest of t h e year . 
The incidence of the t h i rd species, R. wenrichi Stabler . 1944 was more f r equen t , 
be ing found th roughou t t h e year . 

The paras i tes w e r e examined in the l iving condit ion w i t h the help of vi tal 
s t a ins such as me thy lene blue. R. wenrichi and R. aurangabadensis n. sp. we re 
conspicuous in the l iving condit ion because of thei r large size and typical shape. T h e 
p e r m a n e n t p repa ra t ions w e r e s ta ined wi th Giemsa 's stain a f t e r exposure to osmic 
vapours and f ixa t ion in methanol . For the wet prepara t ions , t h e smea r s w e r e 
f ixed in Schaudinn ' s f lu id and stained wi th Phospho- tungs t ic haematoxyl in . The 
d rawings we re m a d e wi th the help of a camera lucida at a magni f ica t ion of 2000 X . 

R e s u l t s 

Retortamonas wenrichi Stabler, 1944 

(Fig. 1) 

Morphology 

The parasite shows the anterior end rounded, the middle region much 
bulged and the posterior region tapering into a tail-like projection. The 
projection is variable in length, showing a range of 5.1-57.1 um, with an 
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average of 20.6 pim. It is not uniform in its thickness. In some it is long 
and filamentous (Fig. 1 5, 7), but in the majori ty of forms it is tubular 
and tapering (Fig. 1 1-4, 8) and always apparently flexible. 

A pair of flagella arise from two blepharoplasts situated at the ante-
rior end of the organism (Fig. 1 2). Both the flagella are of the same length 
and thickness and in some of the organisms either one or both the flagella 
end in acronemes of variable length (Fig. 1 , 1 , 3 , 5 ) . 

The cytostome is large and conspicuous and extends up to one-third 
of the body length (Fig. 1 3, 4, 10). The edge of the cytostome is borde-
red on one side by a distinctly staining cytostomal fibril. The fibril 
extends along the outer border of the cytostome and recurves posteriorly 
(Fig. 1 1,3). In some forms another thin and delicate fibril was also seen 
running parallel to the first (Fig. 1 1, 4). 

The nucleus is situated behind the blepharoplasts. It is ovoidal (Fig. 1 
2, 7), spherical (Fig. 1 6, 8-10) or irregular in outline (Fig. 1 1, 3, 4) and 
has uniformly distributed chromatin granules (Fig. 1 10) or a central endo-
some surrounded by a clear space (Fig. 1 .9). 

In some of the flagellates a peculiar structure was also observed behind 
the nucleus. It is a short or somewhat longer rod-like structure extend-
ing backwards from the nuclear membrane and ending in a swollen 
knob-like head (Fig. 1 4, 5). The significance of this structure is not 
known. 

Measurements (range and average within brackets) 
Length of t h e body 13.9--24.7 |.im (19.2 urn); 
Wid th of t h e body 7.7--15.9 fxm (11.3 urn); 
Length of t h e s p i k e 5.1--57.1 ixm (20.6 urn); 
Length of t he nuc leus 1.5--5.1 (im (3.5 M-m); 
Width of t h e nuc leus 2.6-6.2 urn (3.7 M-m); 
Length of t h e f l age l lum I 9.3-29.8 ixm (21.2 l im); 
Length of t h e f l age l lum II 10.8-28.8 | im (21.4 M-m); 
Length of t h e cys tome 5.7-8.2 ixm (7.7 f im); 
Width of t h e cys tome 3.1--7.2 j.im (4.8 M-m); 

Comment 

This species was first described by S t a b l e r (1944) from the mole 
cricket Gryllotalpa hexadactyla. It was later recorded by B h a s k a r 
R a o (1968) from G. africana in India. The parasite described above is 
also f rom the same host (i.e., G. africana), but shows some minor va-
riations. 

The variations in the body dimensions of the three forms is shown 
in Table 1. 
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Fig. 1. Retortamonas wenrichi S tabler , 1944 (Figs. 1-8 f r o m smear s exposed to 
oemic vapours , f ixed in me thano l a n d s ta ined w i t h Giemsa s tain, Figs. 9, 10 f r o m 
smea r s f ixed in Schaud inn ' s f lu id and s ta ined w i t h phospho tungs t i c haematoxyl in ) , 
1 — Showing a t u b u l a r tail, ac ronemat i c f l age l lum and t w o cytos tomal f ibri ls , 2 — 
Showing t w o blepharoplas ts , 3, 6, 8 — Showing genera l s t ruc ture , 4 — Showing 
a la rge cytos tome wi th t w o f ibr i l s and shor t rod- l ike body beh ind nucleus, 5 — 
Showing a long rod- l ike body, ac ronemat ic f lage l lum a n d f i l amen tous tail, 7 — 
Showing a long f i l amen tous tail, 9 — Showing a l a rge endosome in nucleus, 10 — 

Showing t h e cy tos tome a n d t h e nuc leus f i l led w i t h c h r o m a t i n g ranu le s 
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Table 1 

Variations in the Body Dimensions of Retortamonas wenrichi Stabler, 1944 
(All measurements in microns) 

Sr. 
No. Author Size of the body proper 

Length of 
the body 
with the 
flagella 

1 Stabler, 1944 

2 Bhaskar Rao, 1968 

3 Present author 

12.2-19.0x3.8-8.4 3.1-58.5 
(16.0x5.9) (23.2) 

8.0-25.0x4.0-15.0 2.0-38.5 
(18.0x8.2) (21.3) 

13.9-24.7x7.7-15.9 5.1-57.1 
(19.2x11.3) (20.6) 

It is evident from the Table that the organism described here is 
almost twice as broad as that described by S t a b l e r (1944) and also 
slightly longer. 

The flagella are almost equal in all the forms, but they are about 
as long as the body proper in this form, as against longer flagella 
(one-and-a-half to two times the body length) described by S t a b l e r 
(1944). The only other major difference in this form is the presence of 
the rod-like structure with a knob-like head just behind the nucleus. 

Species : Retortamonas wenrichi Stabler , 1944 
Hos t : Gryllotalpa africana 
H a b i t a t : H indgu t 
Local i ty : Aurangabad , Maharash t r a , India. 

Retortamonas aurangabadensis n. sp. 

(Fig. 2) 

Morphology 

The parasites are characteristic, having a large and bulging body 
proper and a very long and narrow tapering spike posteriorly. The body 
proper is elongated, ovoidal (Fig. 2 3, 4, 5) or spindle shaped (Fig. 2 2, 5, 
10). The anterior end is bluntly rounded (Fig. 2 4, 9, 10) or somewhat 
conical and projected into a beak-like structure (Fig. 2 1, 5, 11). The 
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Fig. 2. Retortamonas aurangabadensis n. sp. (Figs. 1-7, 9, 10 f r o m smear s exposed 
to osmic vapours , f ixed in methanol a n d s ta ined wi th Giemsa stain. Figs. 8, 11 f r o m 
smea r s f ixed in Schaud inn ' s f luid and s ta ined wi th Phosphotungs t ic haematoxyl in) , 
1 — Showing conical an te r io r end, w i t h cap- l ike body and ac ronemat i c f l age l lum 
2, 4, 6, 10 — Showing genera l s t ructure , 3, 5 — Showing th ree basa l g ranules a n d 
t h e origin of t h e f lagel la a n d fibri ls , 7 — Showing a large and d i f fused cap- l ike 
body, 8 — Showing a long f i l amen tous tai l and nucleus w i t h a la rge endosomal 
p l a q u e in one half , 9 — Rounded f o r m showing f ibr i l s and ac ronemat ic f lagel la , 

11 — Showing the nucleus wi th cen t ra l endosome and chromat in g ranu les 
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middle of the body is relatively large and bulging while the posterior 
part is conical and suddenly tapers into the long tail-like spike. 

The blepharoplastic complex is situated just below the anterior end. 
In well differentiated specimens, it seems to comprise of three granules, 
two giving rise to the two flagella and the third to the cytostomal fibrils 
(Fig. 2 3, 5). The granules are placed slightly towards one side (Fig. 2 
2, 3, 5). The two flagella are almost equal in length, being somewhat 
longer than the body proper and end in acronemes in some cases (Fig. 2 
1, 3, 5. 6, 9). The cytostome is distinct and relatively large, extending 
upto the middle of the body proper in many cases. The edges of the 
cytostome are bordered by three chromophilic fibrils. Of the three fibrils, 
two run close together along the outer border of the cytostome upto the 
posterior end of the pouch and then recurve anteriorly (Fig. 2 3, 5, 7). 
In some cases these fibrils appear to be coiled (Fig. 2 4, 9). The third 
cytostomal fibril appears to be relatively very fine and delicate and could 
be seen only in some well stained preparations. It arises along with the 
other two fibrils, but runs inwards, along the inner border of the oral 
pouch (Fig. 2 3). The inner fibril is also much shorter than the two outer 
fibrils. 

The nucleus is just behind the anterior end of the body. It is spheri-
cal or ovoidal, and has a small central endosome surrounded by chroma-
tin granules (Fig. 2 22) or a very large plaque lying against the membrane 
in one half (Fig. 2 8). 

The pellicle is relatively well developed, giving the body a rigid shape. 
The cytoplasm contains a variable number of deeply staining granules 
and bacteria. 

A very characteristic feature of the organism is the presence of a dark-
ly staining body of variable size situated at the extreme anterior end 
of the body. It is relatively large and either spherical (Fig. 2 2, 3) or 
hemispherical (Fig. 2 1, 5), forming a cap-like structure. In some forms 
(Fig. 2 7, 9) it stains less intensely and appears to be diffuse. 

Measurements (range and average within brackets) 
L e n g t h of t he body 15.4-25.7 (.im (20.7 pirn); 
Max. w i d t h of t h e body 8.2-17.0 n m (12.1 urn); 
L e n g t h of t he sp ike 4.6-60.1 (.im (27.7 urn); 
Leng th of t h e nuc l eus 1..5-5.7 [im (3.8 (ira); 
W i d t h of t h e nuc l eus 2.1-6.2 n.m (4.3 urn); 
Leng th of t h e f l age l lum I 11.3-31.4 urn (23.0 (tm); 
L e n g t h of t h e f l age l lum II 10.3-32.4 \xm (23.3 urn); 

Discussion 

From the available literature, it is seen that eleven species of the 
genus Retortcimonas have been described so far from insects. These are: 
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(1) R. gryllotalpae Grassi, 1879 
(2) R. agilis Mackinnon, 1911 
(3) R. alexeieffi Mackinnon, 19-12 
(4) R. belostomae Brug, 1922 
(5) R. blattae (Bishop, 1931) 
(6) R. phyllophagae (Travis and Becker, 1931) 
(7) R. termitis Kirby, 1932 
(8) R. caudacus Geiman, 1932 
(9) R. wenrichi Stabler, 1944 

(10) R. pericopti Laird, 1956 
(11) R. toddi Bhaskar Rao, 1968 
Of all these species only R. wenrichi has a characteristically long tail. 

The organism just described also has a similar posterior tail and comes 
close to R. wenrichi in its body dimensions. However, there are several 
features distinguishing the two species. 

The blepharoplastic complex here consists of three distinct granules 
placed somewhat lateral to the nucleus, while R. wenrichi has two gra-
nules at the anterior end. The borders of the cytostome in R. wenrichi 
have two fibrils whereas this organism has a larger cytostome bordered 
by three fibrils, two along the outer edge and a shorter and finer third 
fibril towards the inner border. The nucleus of R. wenrichi has diffused 
chromatin or a large endosome in rare cases. But this parasite has either 
a small central endosome surrounded by chromatin granules or a very 
large plaque lying againts the membrane in one half. Besides these differ-
ences this organism has a deeply staining cap-like body of variable size 
at the extreme anterior end of the body. Though the significance of this 
body is not clear, such a structure has never been reported in any of the 
species described so far. 

In view of these differences the organism is considered new to 
science and named Retortamonas aurangabadensis n. sp., af ter the 
locality where it was found. 

Species: Retortamonas aurangabadensis n. sp. 
Host : Gryllotalpa africana 
Habi t a t : Midgu t 
Local i ty: Aurangabad , Maharash t ra , India . 

Retortamonas nagabhushani n. sp. 

(Fig. 3) 

Morphology: 

The organism is somewhat elongated and spindle shaped, with the 
maximum diameter just behind the middle of the body. The anterior end 
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is somewhat rounded (Fig. 3 4, 7, S, 10) or conical (Fig. 3 1, 5, 6, 11) 
while the posterior end is more tapering and ends in a pointed tip (Fig. 3 
1, 2, 5). In rare cases the posterior end is drawn out into a spine-like 
structure of variable length (Fig. 3 6). 

lOum 

Fig. 3. Retortamonas nagabhushani n. sp. (Figs. 1-8 f r o m s m e a r s exposed t o o s m i c 
v a p o u r s , f i x e d in m e t h a n o l a n d s ta ined w i t h G i e m s a s t a in . Figs. 9-11 f r o m s m e a r s 
f i x e d in S c h a u d i n n ' s f l u id a n d s t a ined w i th P h o s p h o t u n g s t i c h a e m a t o x y l i n ) 1 — 
S p i n d l e s h a p e d f o r m s h o w i n g po in ted pos te r ior end, t w o b l e p h a r o p l a s t s a n d cy to -
s t o m a l f ib r i l , 2, 7 — S h o w i n g t he or igin of t h e cy tos tomal f ibr i l , 3, 4, 8, 11 — 
S h o w i n g g e n e r a l s t r uc tu r e , 5 — S h o w i n g t w o b lepharosp las t s , rh i zop las t a n d o r i g in 
of f l age l l a , 6 — S h o w i n g rh i zop las t a n d sp ine- l ike pos t e r io r end, 9, 10 — S h o w i n g 

e n d o s o m e in nuc leus 

4 — Acta Protozool. 15/2 
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There are a pair of blepharoplasts situated a little behind the anterior 
end, by the side of the nucleus (Fig. 3 1, 5, 6). The granules are small, 
situated one above the other, about 1 jiim apart, and connected by a de-
licate rhizoplast (Fig. 3 5, 6). The upper granule gives rise to a single 
flagellum while the lower one is the point of origin of the other fla-
gellum as well as a cytostomal fibril (Fig. 3 1, 2, 5, 8). The two flagella 
are subequal and slightly shorter than the body. 

A narrow sac-like cytostome is present, extending almost up to the 
middle of the body, on the same side where the blepharoplasts are 
situated. The outer border of the pouch has a well defined cytostomal 
fibril, which extends up to the posterior end and recurves anteriorly 
around the base of the oral pouch (Fig. 3 1, 2, 7, 8, 11). 

The nucleus, lying just below the anterior end, is small and has 
a central endosome and a ring of peripheral chromatin granules (Fig. 3 
9, 10). The cytoplasm has several deeply staining granules and bacteria. 

Measurements (range and average within brackets) 

Length of t h e body 9.8-18.0 [im (13.7 nm) ; 
Wid th of t h e body 6.2-9.3 n m (7.6 fim); 
Leng th of t h e nuc leus 1.0-3.6 n m (2.0 (im); 
Wid th of t h e nuc leus 1.0-4.6 [im (2.0 M,m); 
Length of t h e f l age l lum I 4.1-19.0 M-m (11.4 jim); 
Length of t h e f l age l lum II 6.2-15.0 urn (10.2 |.im); 

Discussion 

This parasite is typically spindle shaped and devoid of a posterior 
tail, distinguishing it f rom R. wenrichi and R. aurangabadensis n. sp., 
which have a predominantly long tail and R. toddi and R. pericopti 
which have a moderately long spike. 

Compared with the rest of the species, the organism shows a marked 
difference in the body dimensions, being larger in size than most of them, 
as shown in Table 2. It comes nearest in size to R. alexeieffi, but differs 
in having almost equal flagella and only one cytostomal fibril. R. phyllo-
phagae also has a single cytostomal fibril, but it has a pear shaped and 
slightly robust body with a short spike of about 1.2 |xm while the present 
parasite is typically spindle shaped und usually devoid of a spike, besides 
being much larger in size. 

These differences are considered sufficient to designate it as a new 
species and it is named Retortamonas nagabhushani n. sp., af ter Dr. 
R. Nagabhushanam, Head of the Department of Zoology, Marathwada 
University, Aurangabad. 
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Table 2 

Comparative Body Dimensions of the Various Species from Insects of the Genus Retortamonas 
Grassi, 1879 

(All measurements in microns) 

Sr. Length of Width of Length of 
No. Species the body the body the spike 

1 R. gryllotalpae Grassi, 1879 7.1-14.4 1/3 body length 1/4 to 1/5 
(10.7) body length 

2 R. agilis Mackinnon, 1911 8.0-14.0 4.5 — 

Ludwig, 1946 6.2-11.2 1.5^1.3 — 

(7.5) (2.5) -

3 R. alexeieffi Mackinnon, 1912 12.0-16.0 7.0-8.0 — 

Ludwig, 1946 10.0-22.5 4.1-8.7 — 

(13.7) (6.2) 
4 R. belostomae Brug, 1922 - - -

5 R. blattae (Bishop, 1931) 6.0-9.0 5.0-7.0 — 

Bhaskar Rao, 1968 3.5-18.5 1.5-12.0 — 

(10.8) (5.7) 
6 R. phyllophagae Travis and Becker, 

1931 4.7-9.5 4.2-4.9 1.2 
Laird, 1956 4.5-11.5 2.6-6.3 — 

(8.2) (3.8) 
7 R. termitis Kirby, 1932 3.0-6.5 2.5-4.5 — 

(5.0) (3.5) 
8 R. caudacus Geiman, 1932 6.0-18.0 3.0-6.0 1.0-8.0 

(5.0) 
9 R. wenrichi Stabler, 1944 12.2-19.0 3.8-8.4 3.1-58.5 

(16.0) (5.9) (23.2) 
10 R. pericopti Laird, 1956 11.1-25.7 4.6-8.9 up to 5 

(16.1) (6.5) 
11 R. toddi Bhaskar Rao, 1968 9.5-15.0 7.0-11.0 3.5-18.5 

(12.7) (8.2) (9.8) 
12 R. aurangabadensis n. sp. 15.4-25.7 8.2-17.0 4.6-60.1 

(20.7) (12.1) (27.7) 
13 R. nagabhushani n. sp. 9.8-18.0 6.2-9.2 — 

(13.7) (7.6) 

Species: Retortamonas nagabhushani n. sp. 
Hos t : Gryllotalpa africana 
H a b i t a t : Midgu t 
Local i ty : A u r a n g a b a d , Maharash t ra , India. 

The type slides are deposited in the Protozoology section, Department 
of Zoology, Marathwada University, Aurangabad (M. S.), India. 
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R E S U M E 

L a morphologie est décr i te de deux espèces nouvel les du genre Retortomonas, 
ainsi q u e de R. wenrichi S t ab le r 1944, en p rovenance du con tenu de l ' in tes t in de 
Gryllotalpa africana. On a consta té la p résence chez R. wenrichi d ' une s t ruc tu re 
cy l indr ique nodeuse de r r i è r e le noyau. R. aurangabadensis n. sp. est carac tér isée 
p a r le corps bou r s i fo rme avec u n e longue queue en ruban , le complexe du b l épha ro -
p las te composé de t rois g ranu le s localisé l a t é r a l emen t p a r r a p p o r t a u noyau, le 
cy tos tome en touré p a r t ro is f ibri l les , e t u n e s t r u c t u r e en f o r m e de calot te subissant 
u n e f o r t e colorat ion à l ' ex t r émi té a n t é r i e u r e du corps. R. nagabhushani est carac-
tér isée p a r le corps f u s i f o r m e sans queue, u n e pa i re de b lépharop las te s et une seule 
f ibr i l le cytos tomale . 
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C. K A L A V A T I and C. C. N A R A S I M H A M U R T I 

A New Microsporidian, Pleistophora eretesi n. sp. from Eretes 
sticticus (L.) (Dytiscidae, Coleoptera) 

Synopsis. A n e w species of a mic rospor id ian pa ra s i t e , Pleistophora ere-
tesi n. sp. f r o m t h e ep i the l ia l cel ls of the m i d g u t of Eretes sticticus (L.) 
(Coleoptera, Dytiscidae) is descr ibed . 

During the period 1972-1973 we frequently came across numerous 
spores of a microsporidian parasite belonging to the genus Pleistophora 1 

from the epithelial cells of the midgut of Eretes sticticus (L.) Coleoptera, 
Dytiscidae) which is considered new to science for which the name Pleis-
tophora eretesi n. sp. is proposed. 

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

T h e insec ts w e r e col lected on n u m e r o u s occasions f r o m t h e f r e s h w a t e r p o n d s 
a n d l akes n e a r a b o u t t h e U n i v e r s i t y C a m p u s . S m e a r s of t he in fec t ed p a r t w e r e e i t h e r 
a i r d r i ed a n d f i x e d in m e t h y l a lcohol a n d s t a ined in G i e m s a ' s so lu t ion o r w e t 
f i x e d i n C a r n o y ' s f lu id , hydro lysed f o r 10 min in 1 N HC1 a n d s t a ined e i t h e r w i t h 
H e i d e n h a i n ' s i r on h a e m a t o x y l i n or accord ing to t h e Feu lgen ' s t echn ique . S m e a r s 
w e r e a l so s t a i n e d acco rd ing to t h e P A S t e c h n i q u e to revea l t h e p r e s e n c e of t h e 
p o l a r cap. 

O b s e r v a t i o n s 

Pleistophora eretesi n. sp. 

H o s t : Eretes sticticus (L.) (Coleoptera , Dytiscidae) 
Si te of i n f e c t i o n : Ep i the l i a l cells of t h e midgut 
T y p e s l i de : D e p a r t m e n t of Zoology, A n d h r a Univers i ty , Wal t a i r , Ind ia . 

About 2-3°/» of the insects examined revealed infection with a micro-
sporidian parasite belonging to the genus Pleistophora. The infection was 
present in the epithelial cells of the midgut. 

1 S p r a g u e (1971) s t a t e s t h a t Plistophora Labbe , 1899 is a j u n i o r s y n o n y m of 
Pleistophora Gur l ey , 1893 a n d should b e discarded. 
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Fig. 1-8. Pleistophora eretesi n. sp. 1 — A f r e sh spore, 2 — A spore s ta ined ac -
cording to t h e P A S technique , 3 — A spore s ta ined by t h e Giemsa ' s s tain, 4 — 
A spore w i t h po la r f i l a m e n t fu l ly released, 5 — A sporont showing 12 nuclei , 
6 — A sporon t showing 30 nuclei, 7 — A schizont showing 12 nuclei, 8 — A p a n -

sporoblas t showing a b o u t 50 spores 

Spores. The spores are oval in outline measuring 7.2 X 3.2 jxm. There 
are two vacuoles, a smaller anterior one and a larger posterior one 
(Fig. 1). When the spores are stained according to the PAS technique 
a PAS positive polar cap is seen at the anterior end (Fig. 2). The polar 
filament could also be made out along the margin. When stained with 
Giemsa or Heidenhain's iron haematoxylin af ter an initial hydrolysis in 
1 N HQI for 10 min, the sporoplasm extends in the form of a band 
extending in between the two vacuoles (Fig. 3). Feulgen stained spores 
showed two dot-like nuclei which are vesicular in nature. The polar fi la-
ments are released by the addition of a drop of hydrogen peroxide to the 
air dried smears. The polar filaments are uniformly thin and measure 
35.0-45.0 |im in length. The pansporoblasts are irregularly rounded and 
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the largest observed measured 35.0 fim in diameter and contained 50 spo-
res (Fig. 8). 

Schizonts of different sizes showing variable number of nuclei were 
observed. The cytoplasm is coarsely alveoiated and lightly stained when 
compared to that of the sporonts. The chromatin material of the nucleus 
is dispersed over a wider area and there was no endosome. The largest 
schizont observed measured 24.0 X 18.0 (im and contained 20 nuclei. 

Sporonts of different sizes containing variable number of nuclei have 
been observed. They are rounded or oval and those measuring 19.0 |im 
in diameter contained eleven nuclei. The largest sporont observed measu-
red 28.0-24.0 (im and contained 30 nuclei (Fig. 6). The cytoplasm is finely 
alveoiated and a deeply stained centrally placed endosome surrounded 
by a clear halo is present. A clear nuclear membrane has not been ob-
served. 

Discussion 

The genus Pleislophora Gurley includes 32 species reported from 
insect hosts but a perusal of the literature (among others W e i s e r 
1961) shows that there has so far been no record of a microsporidian 
parasite from the present host and hence it is considered new to science 
for which the name Pleistophora erestesi n. sp. is proposed. 

Diagnosis 

From the epithelial cells of the midgut of Eretes sticticus (L.) (Coleop-
tera, Dytiscidae). Each pansporoblast gives rise to more than 16 spores. 
Spores oval in outline measuring 7.2 X 3.6 ^m. Polar filaments uniformly 
thin measuring 35.0-45.0 ixm in length. 
i 
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RÉSUMÉ 

Une nouvel le espèce de microsporidien est décrite, Pleistophora eretesi n. sp., 
pa ras i t a i re des cellules épithéliales de l ' intest in du Eretes sticticus (L.) (Coleoptera, 
Dytiscidae). 
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The Regrowth of Oral Structures in Dileptus cygnus after 
Partial Excision 

Synopsis. A n ana lys i s of probosc is r e g r o w t h w a s p e r f o r m e d by m e a n s of 
l igh t a n d e lec t ron microscopy. T h e probosc is of Dileptus cygnus r e g r o w s 
in situ, w h i l e r e m a i n i n g m o u t h p a r t s a r e sti l l a b l e to f u n c t i o n . O b s e r v a -
t ions o n l iv ing cells r evea l ed t h a t g r o w t h t akes p lace in t h e p r o x i m a l 
p o r t i o n of t h e g r o w i n g proboscis . F o r m a t i o n of n e w k ine to soma l e l e m e n t s 
f o r t h e g r o w i n g proboscis occurs w i t h i n an a r e a located a t t h e b a s e of 
t h e proboscis . Resorp t ion of soma t i c c i l i a tu re w a s f o u n d on t h e d o r s a l 
s ide of t h e proboscis a n d a r o u n d t h e c i r cumcy tos toma l k ine ty . P r o b o s c i s 
r e g r o w t h a s a n i n d e p e n d e n t m o r p h o g e n e t i c p rocess is d iscussed, a s w e l l 
a s ex i s t ence of a cha rac t e r i s t i c p a t t e r n of p ro l i f e ra t ion a n d r e s o r p t i o n of 
k i n e t o s o m e s t h a t r e f l ec t s t h e process . 

Ciliates respond in three different ways to damage to the mouthparts. 
Usually, a damaged mouths is replaced by a new set oral structures — 
a reaction identical to that after excision of whole mouth. This was 
reported for Condylostoma ( S u h a m a 1957), Tetrahymena (F r a n k e 1 
1960), Stentor ( T a r t a r 1961), Urostyla ( J e r k a - D z i a d o s z 1963) 
and many others. Sometimes damage to the mouthparts seems not to be 
"noticed" by the cell. In Hypotricha, when a portion of the AZM is re-
moved or destroyed by irradiation, the defective mouth may persist up 
to the next division (in Urostyla — J e r k a - D z i a d o s z 1963) or may 
last for several generations (in Euplotes — W i s e 1965). Finally, ciliates 
may repair in situ the damaged oral structure. 

There are few observations concerning formation in situ of lost por-
tions of the mouth. As a rule, regeneration in situ follows minor damage 
to the mouth, such as deciliation of membranellar band in Stentor (T a r -
t a r 1968). Cijlia regrow in situ if the kinetosomes of membranelles are 
not destroyed. If deciliation does cause damage to kinetosomes, a new 

1 Th i s i nves t iga t ion w a s s u p p o r t e d by t he Pol ish A c a d e m y of Sciences , r e s e a r c h 
g r a n t No. P A N 22/11, 3. 
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set of oral structures is formed in primordia. Sometimes, however, Ci-
liates are observed to form in situ large portions of the mouth. T a r t a r 
1961 reported single cases of formation of pharyngeal structure in Stentor 
when only the membranellar band was left, and formation of a membra-
nellar band in contact with the buccal pouch only. J e n k i n s and S a-
w y e r (1970) observed in situ formation of oral membranelles in Blepha-
risma. Doublets of Paramecium are also able to repair in situ drastic 
damage of one of oral sets ( H a n s o n 1955). 

The process of regeneration in situ of oral parts has never been stu-
died in detail. The 'aim of presented study is analysis of this morphoge-
netic process. Regrowth of the proboscis in Dileptus represents a very 
convenient model for studying the in situ regeneration. 

The analysis of proboscis regrowth is based on observations made on 
living cells, as well as on cell preparations for light and electron micro-
scopy. 

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

T h e p resen t s t u d y on regrowth of t h e proboscis w a s pe r fo rmed on t h e c i l ia te 
Dileptus cygnus Clap, et Lachm., 1859. The ciliates w e r e k e p t on Pe t r i d ishes in 
P r ingshe im solution. A f i l te red a n d concentra ted mass cu l ture of Colpidium w a s 
suppl ied as food. T h e an ima l s w e r e f ed one day before they w e r e used fo r exper i -
ments . 

T h r e e types of opera t ions w e r e m a d e : (1) T h e proboscises w e r e cut off a t 
d i f f e ren t d i s tance f r o m t h e cytostome. Proboscis r eg rowth r a t e was observed. (2) T h e 
proboscises w e r e cut off a t d i f f e ren t dis tances f r o m the cytostome, a n d a l a r g e 
poster ior p a r t of t h e cell posessing t h e whole nuclear a p p a r a t u s w a s also cut off . 
T h e r a t e of proboscis r eg rowth w a s observed in anuc lea r f r agment s . (3) T h e p ro -
boscises w e r e cu t off a t d i f fe ren t d is tance f r o m the cytostome a n d the v e n t r a l 
band of r ema in ing s tump w a s also incised. Changes in t h e dis tance f r o m t h e i n -
cision to t h e top or to t h e base of t h e regrowing proboscis w e r e measured . 

The opera t ions w e r e m a d e by hand , us ing a microscalpel , on t h e cells in 
cu l tu re dishes. T h e n single operated cells w e r e isolated into depression slides, w i t h 
a n a m o u n t of w a t e r no t less t h a n 4-5 drops (0.5 ml). Depression sl ides w e r e p u t 
u n d e r t h e Lei tz microscope and an ima l s were pho tographed every 30 min. Each 
t i m e 3-4 p ic tures we re taken. Usual ly an ima l s w e r e photographed 0, 30, 60, 90 a n d 
120 m i n a f t e r t h e operat ion. In some cases observat ions w e r e prolonged u p to 24 h 
and even 48 h. T h e r a t e of proboscis regrowth w a s measured using t h e nega t ives 
of pho tog raphs t a k e n dur ing the regenerat ion. The negat ives w e r e p ro jec ted in 
cons tant magni f ica t ion on pape r shee ts and cell contours w e r e out l ined wi th penci l . 
T h e length of d i f f e ren t p a r t s of t he ci l iate body w a s then measured on t h e ou t -
lines. 

T h e p repa ra t ions of t h e cil iates wi th a regrowing proboscis w e r e s ta ined w i t h 
protargol a f t e r T u f f r a u (1964), or w i t h osmium a f t e r G r a i n and G o l i n s k a 
(1969). For these, the operat ions w e r e per fo rmed in a mass cu l tu re dur ing a 30 m i n 
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in terva l . Each s a m p l e conta ined 50-100 individuals. The samples w e r e f ixed in sub -
sequen t pe r iods : 0-30, 30-60, 60-90 and 90-120 min a f t e r t h e operat ion. T h e Leitz 
Or tho lux microscope w a s used to observe and photograph the p repara t ions . 

T h e opera ted ci l ia tes w e r e f ixed for EM observat ions 15-25, 25-40, 40-60, 60-75 
a n d 75-90 m i n a f t e r t h e operat ion. A m i x t u r e of 2°/o 0 s 0 4 a n d 6°/o g lu t a ra ldehyde 
dissolved i n cacodyla te b u f f e r was used for f ixat ion. Dur ing f ixa t ion p repa ra t ions 
w e r e k e p t on ice f o r o n e hour. Then they w e r e washed and grouped on 0.5°/o 
agar , t hen embedded i n Epon according to conventional methods . The ma te r i a l w a s 
sectioned on an L K B u l t ramicro tome and contrasted w i t h u r an y l ace t a t e a n d lead 
c i t r a te . Sect ions w e r e examined under t ransmission electron microscope J E M 100 B. 

R e s u l t s 

Before giving an account of the process of repair of oral parts we 
wish to describe in detail the structure of mouthparts in Dileptus cygnus. 
This description, when compared to the previous one ( G r a i n and G o-
l i ń s k a 1969), contains some supplementary data. 

In Dileptus the cytostome is a deep, permanent depression, situated 
roughly in the middle of a nonciliated cytostomal field (Fig. 1). The cy-
tostome is encircled by a double palisade of nemadesms. The internal 
basket of nemadesms is joined to the surface in the territory of the 
cytostomal field. The external basket joins the kinetosomes of the oral 

Fig. 1. A r r a n g e m e n t of oral and somatic kinet ies on the ven t ra l side of t he ci l iate 
Dileptus cygnus. Heavy l ines designate oral kineties, s lender l ines des ignate somat ic 
kinet ies . Exp lana t ions : r ight paracytos tomal kinety (r.pc.k.), l e f t paracy tos tomal 
k ine ty (l.pc.k.), obl ique somat ic kinet ies (o.s.k.), dense somatic k inety (d.k), t r ans i -
t ional segment of oral k inety (t.s.) cytostome (cs), c i rcumcytos tomal k inety (c.cs.k.), 

ven t ra l somatic kineties (v.s.k.) 

http://rcin.org.pl



146 K. GOLlNSKA A N D J. KINK 

kinety on the borderline between the cytostomal field and the somatic 
region on the ventral side of the Dileptus body. On its ventral side the 
cytostomal field is elongated into the so-called ventral band, that occu-
pies the entire ventral side of proboscis. 

The infraciliature of Dileptus may be divided into oral and somatic, 
a distinction that is based on the structure of associated fibers and the 
position of kineties with regard to cytostome. The somatic infraciliature 
is composed of kinetosomes all of which are ciliated, and which are 
endowed with identical complements of fibers, with each containing 
a transverse, postciliary and rootlet fiber, and a kinetodesma (Fig. 2). 
Somatic kineties are arranged meridionally, with the exception of short 
oblique kineties on the left side of the proboscis (Fig. 1). On the right 
side of the body and proboscis there is a kinety designated by us a dense 
somatic kinety (Fig. 1). Kinetosomes are very densely packed in the 
segment of the dense kinety that runs in the area of the proboscis up 
to its apex. The remaining portion of the dense kinety does not differ 
from its neighbours. 

The oral infraciliature is located exclusively along the line bordering 
the cytostomal field (Fig. 1). The basic unit of oral infraciliature is re-
presented by a kinetosome lacking its cilium, and oriented in such a way 
that its transverse fiber is directed towards the cytostome (Fig. 2). The 
whole cytostomal field is provided with these transverse fibers and some 
of them enter the cytostome itself. Another common feature of the oral 
infraciliature is a lack of kinetodesma. 

Although the oral infraciliature forms a continuous line around the 
cytostomal field, and probably represents a single oral kinety, we refer 
to it as to the three oral kineties, because these three segments of oral 
kinety have a different structure. These oral kineties were described for 
Dileptus visscheri ( K i n k 1976) as the circumcytostomal kinety and the 
right and left paracytostomal kineties. 

The circumcytostomal kinety is situated ail around the cytostomal 
field, except for its elongated portion on the proboscis (ventral band). 
This kinety is a single row of nonciliated kinetosomes, each bearing ne-
madesma and a transverse fiber (Fig. 2, PI. I I ) . Somatic kinetosomes of 
curved ends of ventral somatic kineties may be found in close proximity 
to the oral kinetosomes (PI. I 1, 2). Sometimes connnections of dense ma-
terial were observed between proximal portions of oral and somatic 
kinetosomes ( G r a i n and G o l i r i s k a 1969). Such pairs are not found 
regularly along the circumcytostomal kinety, as most of the oral kine-
tosomes have no close somatic neighbour. 

Towards the dorsal side the circumcytostomal kinety on the right side 
becomes the right paracytostomal kinety, and on the left it becomes the 
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left paracytostomal kinety. Paracytostomal kineties constitute the borders 
of the ventral band, and each is made up of a single row of kinetosomal 
pairs (Fig. 2, Pl. II 5, 6, Pl. Ill 9, 10). These pairs contain one nonciliated 
kinetosome close to the ventral band and bearing the transverse fiber, 

Fig. 2. S t r u c t u r e of oral a n d somatic kineties of Dileptus cygnus. Heavy l ines 
presen t t h e disposition of kineties. The U-shaped k ine ty is t he o ra l kinety, be low 
it t he r e is a curved segment of a ven t ra l somat ic kinety. an t e r io r (A), poster ior 
(P), r ight (R), and le f t s ide of the cell (L). Cytostome (Cs), c i l ium (C), t r ansve r se 
f i be r (t), postci l iary f iber (pc), k ine todesma (kd). T h e addi t ional f i b e r t h a t joins 
pa i r s of t h e r ight paracytos tomal k inety is marked (mtf) for its por t ion composed 

of micro tubules and f i laments , and fo r its s t r i a t ed f i l amen tous o a r t (f) 

and one ciliated kinetosome bearing the postciliary fiber. There are 
always complicated interconnections between the proximal ends of kine-
tosomes of each pair. Transverse fibers that are derivatives of left para-
cytostomal kinety are exceptionally long and form the so-called central 
fiber in the territory of ventral band (Fig. 2, PI. II 6, PI. I l l 8). Transverse 
fibers belonging to the right paracytostomal kinety run between the 
toxic trichocysts and end on central fiber (PI. II 5, PI. Ill, 8). Moreover, 
the kinetosomal pairs of the right paracytostomal kinety are linked to-
gether with an additional fiber (PL II 5, 7, PI. Ill 9, Fig. 2). This fiber 
has a filamentous striated portion that is connected with the base of the 
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transverse fiber of one kinetosomal pair, and the complex filament-micro-
tubular portion that joins the ciliated kinetosome to the next kinetosomal 
pair. 

Somatic kinetosomes, as well as oral kinetosomes, possess transverse 
and postciliary fibers. These fibers differ, however, in number of micro-
tubules. The number is constant for all somatic kinetosomes. The postci-
liary fiber contains seven tubules arranged in one row, while the trans-
verse fiber has one row of six long tubules and one row of very short 
three tubules (Fig. 2, PL III, 11). Oral kinetosomes have a postciliary 
fiber only when they belong to a paracytostomal kinety. This fiber has 
only five tubules (Fig. 2, PI. Ill, 9, 10). Transverse fibers joined to oral 
kinetosomes have microtubules arranged in a single row, the number of 
microtubules varying with position on the circumference of cytostomal 
field. Kinetosomes of the left paracytostomal kinety have a transverse 
fiber consisting of 20-22 microtubules, those of right paracytostomal ki-
nety of 10-11 microtubules (PI. Ill, 8). Kinetosomes belonging to the 
circumcytostomal kinety have a number of microtubules varying from 
12 to 18. It seems probable, that within the circumcytostomal kinety 
there is a gradient in the number of microtubules in the transverse fiber 
from 18 on the left side to 12 on the right side. 

This review of the structure of the oral ciliature in Dileptus makes 
clear, that excision of proboscis means excision of a highly specialized 
portion of the mouth represented by the ventral band and its inf ra-
ciliature. 

Observations on Living Cells 

The length of the proboscis in trophic cells of Dileptus cygnus varies 
in a wide range. The longest proboscis that has been measured was 
600 |im long, this being not a maximum. As a rule, the better the culture 
conditions are, the longer the proboscis of Dileptus is. Only cells with 
long proboscises were chosen for the operations. 

Preliminary observations revealed that partial or complete excision of 
the proboscis does not stop the functioning of pharyngeal mouthparts. 
Colpidia immobilized or killed by high temperature served as a food. 
Dileptus cells af ter excision of the proboscis were able to swallow these 
colpidia. Swallowing was observed immediately af ter the operation, as 
well as during the whole process of proboscis regrowth. 

Experimental analysis of the regrowth of the proboscis consist of 
measurements of regrowing proboscises in normal and anucleate cells, and 
of measurements of regrowing proboscises with an additional incision 
made on the ventral band. 
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The first series of measurements was performed on 15 cells. The 
proboscis was cut off at different levels. Sometimes the whole proboscis 
was excised, while sometimes a stump up to 150 îm long remained. Long 
lasting observations were performed on six of these cells. These observa-
tions showed, that regrowth of the proboscis takes a very long time. 
The process of regrowth of the proboscis ended sometime between 6.5 
and 24 after the operation in these cells. The rate of regrowth varied 
during its course. The highest rate was observed during the first hour 
after the operation, with a maximum at 90 |xm/h. Later on the rate of 
regrowth distinctly decreased (Fig. 3). Measurements were also performed 
every 30 min during the first 90 min after operation on another group 
of nine cells. Results are presented on Fig. 4 I. Comparison of these data 
shows that cells with the proboscis cut off at the same level may regrow 
their proboscises at different rates. On the other hand, proboscises exci-
sed at different levels may regrow at the same rate (see also Fig. 3). 
There is no distinct relation between rate of regrowth and the length 
of the remaining stump of proboscis. 

The second short series of experiments deals with the ability of 
anucleate fragments to regrow their proboscis. Anucleate anterior f rag-
ments almost as large as halves of the cell were used. To obtain such 
large anucleate fragments bisection was performed on animals while their 
nuclear apparatus was incidently displaced posteriorward, or on dividing 
animals with a condensed macronucleus. The proboscis of the anucleate 
f ragment was cut off immediately after bisection. The results of measu-

Fig. 3. T h e r a t e of r e g r o w t h of t h e probosc is of Dileptus cygnus a f t e r pa r t i a l (A) 
a n d to t a l (B) excis ion. Each cu rve r e p r e s e n t s a s ing le cell 

5 — Acta Protozool. 15/2 

http://rcin.org.pl



150 

/im 

a b c d e f g h 

Fig. 4. D i a g r a m I d e m o n s t r a t e s t he r a t e of r e g r o w t h of probosc is of Dileptus cygnus 
a f t e r excis ion. T h e ve r t i c a l a x i s r e p r e s e n t s the l eng th of t h e probosc is in j.tm. E a c h 
g r o u p of m e a s u r e m e n t s (A, B, C . . . . ) r e p r e s e n t s a n e x p e r i m e n t on a s i ng l e cell. 
T h e f i r s t m e a s u r e m e n t w a s p e r f o r m e d i m m e d i a t e l y a f t e r t h e opera t ion . T h e d i s t a n -
ces b e t w e e n s u b s e q u e n t h e a v y l ines in each g r o u p c o r r e s p o n d to 30 m i n pe r iod . 
T h e n u m b e r on top of t h e heavy l ines i n d i c a t e t he to ta l l e n g t h e n i n g of t h e p r o -
boscis w i t h i n a 90 m i n per iod . D i a g r a m II d e m o n s t r a t e s t h e r a t e of r e g r o w t h of 
t h e probosc is in c i l ia tes w i t h o u t a n u c l e a r a p p a r a t u s . Des igna t ions a r e l i ke t hose 
in D i a g r a m I. D i a g r a m II I d e m o n s t r a t e s t h e r a t e of r e g r o w t h of incised p robosc i s 
s t u m p s . H e a v y ve r t i ca l l ines in each case (A, B, C . . . ) c o r r e s p o n d to t h e s e g m e n t 
f r o m the ba se of t h e p robosc i s to t h e incision. S l ende r l ines r e p r e s e n t the s e g m e n t 
f r o m t h e incis ion t o t h e top of t h e s t u m p . T h e n u m b e r s a t t h e top of t h e h e a v y 
l ines in each case c o r r e s p o n d to t he l e n g t h e n i n g of t h e s egmen t f r o m t h e ba se of 
probosc is to incision. T h e n u m b e r s a t t h e top of las t s l e n d e r l ine r e p r e s e n t in each 

case l e n g t h e n i n g ( + ) or s h o r t e n i n g (—) of t h e w h o l e s t u m p 
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rements on four such fragments are presented on Fig. 4 II. It is clear 
that proboscis regrowth may proceed at a normal rate in anucleate cells, 
at least during first 90 min after the operation. 

The third series of measurements was made to resolve the problem 
of whether growth of the proboscis is uniform over its entire length. If it 
is not, the growth may be localized at the base or at the apex of growing 
proboscis. In the experiment a portion of the proboscis was cut off, and 
then an incision was made on the remaining stump. The incision was 
made in such a way that the ventral band was sectioned. Then, if the 
distal portion twisted before the wound healed, the incision was visible 
up to three hours af ter the operation (PL III 13-16). If there was no 
twisting, the incision became invisible in less than 30 min. This incision 
served as a marker to measure the length of proximal and distal segments 
of the growing proboscis. The measurements performed on eight cells 
in which the incision was clearly visible for 90 min are presented on 
Fig. 4 III. The two segments of the proboscis, the proximal segment 
from the cytostome to the incision and the distal segment from the 
incision to the apex behave differently during proboscis regrowth. 

The distal portion of proboscis may behave in four different ways. 
It may remain of the same length (Fig. 4 III, cases A, F), it may elon-
gate a little (case E), it may elongate at first and then shorten (case D), 
or it may shorten (cases C, G, H, see also Pi. IV). Observations per-
formed longer than 90 min revealed that elongation of the distal segment 
is restricted to the period immediately following operation. 

It is clearly visible in the Fig. 4, III that if growth of the proboscis 
as a whole occurs, it is due to the growth taking place in its proximal 
segment (cases A, B, D, E, F). If there is shortening of the proboscis 
as a whole, it is due to the shortening of its distal portion (cases C, G, 
H), and takes place in spite of growth that simultanously occurs in its 
proximal part. 

The proximal portion grow in the same manner as the whole stump 
in the previous experiments. The rate of growth was, however, much 
slower than in series I and II. It is unknown whether the low speed 
of growth was caused by the presence of the incision, or by the fact 
that the whole stump was much longer than that in previous series. 
We believe, however, that the presence of an incision have some inhibi-
tory effect on elongation of distal portion of proboscis. The regrowth 
in previous series could be especially quick during first hour after opera-
tion due to cumulation of this elongation of the distal portion and 
regrowth of the proximal portion of proboscis. Moreover, the presence 
of an incision seems to cause the shortening of the distal portion of the 
stump. 
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Images of the Growing Proboscis Obtained in EM and Light Microscopy 

The process of proboscis growth consists of elongation of its distal 
portion and of regrowth of its proximal portion. The elongation of the 
distal portion of proboscis proceeds without the formation of new kineto-
somal elements, while the regrowth in proximal portion is accompanied 
by formation of new kinetosomes. The following paragraphs will present 
the differences which could be noticed in the growing proboscis when 
compared to a normal one, beginning with the apex of the proboscis 
and ending at the circumcytostomal kinety. This does not reflect, howe-
ver, the temporal sequence of events, because all of these events may 
procede simultanously in the same cell. 

Formation of the Apical Portion of a Growing Proboscis 

In trophic cells of Dileptus the proboscis is thick at its base, and 
thins gradually towards the apex. Sections of proximal and distal 
portions of the proboscis show that the differences of circumference are 
mostly situated in the somatic portion of proboscis while the ventral 
band has a nearly constant width (PI. V). In the proximal portion of 
proboscis there are 6-8 somatic kineties, but only the paracytostomal 
kineties, dense kinety and oblique rows reach the apex. The remaindes 
of the somatic kineties end at different levels on the narrowing pro-
boscis. The narrow part of the proboscis, like that presented on PI. V 17, 
is comparatively long in trophic cells and constitutes 1/5-1/3 of the 
length of proboscis. In this narrow part distances between kinetosomes 
in paracytostomal kineties and the dense kinety and distances between 
oblique rows increase gradually towards the apex of proboscis. 

After partial excision of the proboscis a new apex situated at the 
end of the stump has too many kineties with kinetosomes too crowded 
in them when compared to the normal apex. The elongation of the whole 
distal portion of the stump and reduction of its somatic part is needed 
for restoration of a normal apex. 

Observations concerning an increase of the distance between kineto-
somes on the distal portion of the growing proboscis stump were per-
formed on protargol impregnated preparations. In preparations made 
0-30 min after the operation, oniy eight cells out of 30 were found to 
have a uniform density of kinetosomes all along the stump. The re-
maining cells showed a gradual increase of space between kinetosomes 
in the distal portion of the growing proboscis. In preparations made 
30-60 min after the operation cells with a uniform density of kineto-
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somes on the stump were found occasionally only. It seems that elonga-
tion of the distal portion of the growing stump takes place during first 
30 min af ter operation. 

Observations concerning the reduction of the somatic portion of the 
new distal part of proboscis were made on protargol preparations and 
on EM preparations. Protargol preparations revealed that when a new 
distal part is elongated only 3-4 somatic kineties reach the apex. The 
rest of the somatic kineties cannot be traced up to the new apex. In 
those "additional" kineties which reach the apex, distances between 
kinetosomes become greater towards the apex (PI. VI 23). 

Electron microscopy shows images of resorption of cilia in distal parts 
of the growing proboscis (PI. V 19). There are cilia beneath the surface 
of proboscis and attached kinetosomes are sometimes visible. Those cilia 
are situated mostly in the somatic portion of proboscis. Because of the 
position of resorbed cilia and the lack of resorbed nonciliated kineto-
somes those electronmicrographs seem to be images of resorption of 
somatic ciliature. Images of resorption of cilia in distal portion of the 
proboscis were found on all preparations, also on those made very early, 
15-25 min af ter operation. 

Images of growing proboscises obtained in the EM showed no pro-
liferation of oral kinetosomes within paracytostomal kineties. No forma-
tion of new oral kinetosomes was found even in the apical portion, where 
there are greater spaces between kinetosomal pairs. In the proximal part 
of the growing proboscis the proliferation of somatic kinetosomes was 
occasionally visible. This was found in all somatic kineties including the 
dense kinety and oblique rows. In the dense kinety an intense prolife-
ration of somatic kinetosomes was found at the base of the proboscis. 

Changes of Structure at the Circumference of Cytostomal Field 

While the proboscis grows the remaining mouthparts show a change 
in their structure compared to the mouth of the trophic cells. The 
curved segments of ventral somatic kineties that normally associate with 
the circumcytostomal kinety disappears (PL I 1, 2). Images of cilia re-
sorption were found (PI. VI 20, 22). Also, an intense proliferation of oral 
kinetosomes was found all around the circumcytostomal kinety (PL VII, 
25 a, b). All the other features of the oral parts seemed unchanged — 
cytostome, internal basket of nemadesms, external basket of nemadesms, 
its kinetosomes and transverse fibers directed towards the cytostome — 
all this did not look different than in trophic cells. 
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The disappearance of curved segments of ventral somatic kineties was 
first noticed in cells stained with osmium. This method makes visible 
only kinetosomes equipped with cilia. The images obtained of oral parts 
are identical with those stained with hematoxylin (G o 1 i n s k a 1974). 
On trophic cells stained with osmium the ventral side of the cytostomal 
field seems to be bordered with segments of somatic kineties only (PL I 
2). The circumcytostomal kinety is not visualized by this method. Cells 
with their proboscises cut off stained 30-60 min after operation have 
no curved ends of somatic kineties bordering the cytostomal field; ventral 
somatic kineties end abruptly at the imaginary line limiting the cyto-
stomal field (Pl. VI 21). This change is not visible in preparations im-
pregnated with protargol (Pl. VI 23). The protargol method visualizes 
nonciliated kinetosomes as well as these equipped with a cilium. In 
normal and operated cells the borderline on the ventral side of cyto-
stomal field usually appears as a coarse dark line, and single kineto-
somes may scarcely be distinguished. In normal cells the curved ends 
of ventral somatic kineties are hard to distinguish from the circum-
cytostomal kinety, so their disappearance after proboscis excision cannot 
be noticed. 

EM observations confirm a lack of cilia at the ventral margin of 
cytostomal field. The section just above the circumcytostomal kinety 
shows no cilia in the depression between the oral field and the ventral 
somatic part of the body (Pl. VI 20). Images of cilia resorption were 
found near the circumcytostomal kinety. These resorbed cilia drawn 
under the surface of the cell are especially numerous in preparations 
made 40-60 min after operation and may be found in every preparation 
made from 15-25 min to 2 h. It is impossible to decide whether there 
exists some distinct period of cilia resorption because we do not know 
the rate at which cilia desintegrate in the cytoplasm. We suppose, that 
the resorption involves somatic cilia of the curved segments of ventral 
kineties. 

Oral kinetosome proliferation was observed on the outer margin of 
circumcytostomal kinety (Pl. VII 25 a, b), and only there. Images of 
kinetosome proliferation were found in the very place where somatic 
kinetosomes of curved segments had been, and were found in close 
proximity to images of somatic cilia resorption. Very intense prolifera-
tion was found in cells fixed 15-25 and 40-60 min after the operation. 
Every section through several kinetosomes of the circumcytostomal 
kinety showed some new oral kinetosomes. About 2 h af ter the opera-
tion proliferation of oral kinetosomes was not so intense and new kineto-
somes were scarcely found along the outer margin of cytostomal field. 
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Folding of Kineties at the Base of Proboscis 

Folded oral kineties are often seen near the base of the stump in 
cells stained with protargol during the first hour after the proboscis 
was partially excised (PI. VII 26, 28). This folding is always restricted 
to the area where paracytostomal kineties join the circumcytostomal 
kinety. The segment of dense somatic kinety that lay within this area 
may be folded too. When cells are fixed later than during first hour 
after operation, their kineties are no longer folded at the base of pro-
boscis. 

EM observations show that folding covers the basal portion of para-
cytostomal kineties and the transitional segments lying between the 
paracytostomal and circumcytostomal kinety. In normal cells the transi-
tional segments are built of kinetosomal pairs (PI. I 3). Close to non-
ciliated kinetosomes bearing nemadesma there are situated ciliated 
kinetosomes that possess the postciliary fiber only. Within the transitional 
segment connections between the ciliated and nonciliated kinetosome in 
every pair are not so distinct as in paracytostomals. Moreover, not every 
nonciliated kinetosome has its ciliated neighbour. In osmium stained pre-
parations transitional segments look iike curved segments of the para-
cytostomal kinety (PI. I 4). 

Dileptus cells with their proboscises cut off show no change in fine 
structure of infraciliature within the folded area when compared to 
normal cells, Except for folding, transitional segments and basel portions 
of the paracytostomal kineties look perfectly normal (PI. VII 27). No 
pictures of kinetosomal proliferation were found, except for prolifera-
tion within the dense kinety. Intense proliferation of oral kinetosomes 
takes place just below area of folding. This is true for proliferation of 
oral kinetosomes along the circumcytostomal kinety and also for somatic 
kinetosomes within the dense somatic kinety. Protargol staining shows 
that during proboscis regrowth this kinety is closely packed with kineto-
somes in all regions anterior to the middle of the Dileptus body 
(PI. VI 24). 

D i s c u s s i o n 

The data obtained show that proboscis regrowth is a distinct morpho-
genetic process. This kind of regeneration of oral and somatic structures 
is different than stomatogenesis and much more complicated then we 
had expected the process of regrowth in situ to be. We intend to discuss 
the results as follows: first the course of proboscis regrowth, then the 
pattern of kinetosomal proliferation and resorption characterizing the 
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lengthening of the proboscis, and finally the comparison of this process 
with stomatogenesis. 

The data obtained on proboscis lengthening in Dileptus permit us 
to reconstruct the manner in which the regrowth occurs. Lengthening 
of the whole proboscis is due to the elongation of its apical portion 
together with growth at its base. The elongation of the apical portion 
of the remaining stump is probably restricted to a short period following 
the operation, and is not accompanied by formation of new kinetosomes. 
The elongation of apical portion was observed on light microscope pre-
parations where distances between kinetosomes became greater towards 
the apex. Existence of apical elongation may also be deduced from com-
parison of unusually high rate of regrowth during first hour after 
operation with the much lower rate of regrowth later on, and also with 
the regrowth of the incised stumps. It is not clear whether there is 
growth of the surface, or whether the elongation is simply a result of 
proboscis narrowing. 

The growth at the base of proboscis lasts several hours and involves 
formation of new kinetosomes. The existence of localized growth at the 
base of the proboscis stump was deduced from several facts. It was 
observed that growth of a stump with an incision is due to growth of 
its proximal portion, from the cytostome to the incision. In addition, the 
formation of new kinetosomes for the growing proboscis was found to 
occur always within the area located below the ventral band, regardless 
of the length of the proboscis stump. Moreover, the folding of oral kine-
ties at the base of ventral band observed during the first hour after 
operation may disappear afterwards, indicating an initial basal crowding 
of kinetosomes with subsequent distribution over the growing proboscis. 

We suppose that oral kinetosome formation is preceded by the re-
sorption of the curved ends of the ventral somatic kineties. The resorp-
tion of somatic kineties close to the site of oral kinetosome formation 
was also observed during stomatogenesis in Dileptus ( G o l i n s k a and 
G r a i n 1969, G o l i n s k a 1972). During stomatogenesis resorption of 
somatic cilia serves probably to prepare future, nonciliated cytostomal 
field. We suppose, that somatic kinetosomes were resorbed all around 
the circumcytostomal kinety during proboscis regrowth to prepare a site 
for oral kinetosomes to proliferate. 

It seems probable that new oral kinetosomes formed all around the 
circumcytostomal kinety may move towards the ventral band before their 
differentiation into elements of the oral kinety. We do not suppose them 
to be inserted between elements of circumcytostomal kinety, because no 
enlargement of the external basket of nemadesms was observed. New 
kinetosomes are probably neither differentiated nor incorporated into an 
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oral kinety before they reach the transitional segment. Folding of basal 
portions of paracytostomal kineties together with the transitional seg-
ments seems to be due to a great number of new kinetosomal elements 
thrust at the base of the transitional segments. 

The folding observed during the first hour af ter the operation in-
dicates that growth, although rapid during this period, is still slower 
than the formation of new oral elements. Subsequent smoothing of 
the folds may be a sign of attainment of a balance between rate of 
formation of new kinetosomes and rate of growth of the surface at the 
base of the growing proboscis. Inclusion of new elements at the base 
of the growing proboscis seems very profitable for animals. Immature 
elements of the mouth that probably are not yet functioning are situated 
in between the paracytostomal and circumcytostomal kinety, leaving the 
growing proboscis as well as pharyngeal parts ready to function. 

A similar mechanism of proboscis lengthening was found to follow 
stomatogenesis. K i n k (1976) reported that growing excysted cells of 
Dileptus visscheri have an area of growth localized at the base of pro-
boscis. An intense proliferation of oral and somatic kinetosomes in the 
area below the base of ventral band was documented during this growth 
of mature oral parts. K i n k has concluded that this localized area of 
proliferation creates new kinetosomes for proboscis lengthening, cyto-
pharyngeal basket enlargement, and elongation of the whole body. During 
proboscis regrowth the area of proliferation is localized in the same place 
where excysted cells have their area of proliferation. However, in the 
case of proboscis regrowth this area supports kinetosomes for proboscis 
lengthening only. We have some unpublished data indicating that during 
growth following stomatogenesis in the processes of division and re-
generation there is an identical area of: kinetosomal proliferation situated 
all around the circumcytostomal kinety. 

The process of proboscis growth that normally follows stomatogenesis 
was separated from stomatogenesis itself with the aid of inhibitors. Puro-
mycin ( G o l i n s k a 1974) was found to inhibit proboscis growth during 
regeneration without inhibition of formation of oral parts, resulting in 
individuals having apically located pharyngeal parts. Actinomycin D 
( G o l i n s k a et B o h a t i e r 1974, G o l i n s k a and B o h a t i e r 
1975) was found to suppress proboscis growth, without delaying regene-
rational stomatogenesis. Thus, in spite of the fact that growth of pro-
boscis usually follows stomatogenesis, this growth shows much greater 
sensitivity to the action of the drugs than even early stages of stomato-
genesis. We intend to test the effect of the drugs on the process of 
proboscis regrowth. 

In the absence of nuclear apparatus Dileptus may form its oral parts 
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( G o l i r i s k a 1966), although the development is limited to the first two 
hours af ter the operation, and only short proboscis may be formed. We 
found now, that regrowth of proboscis is possible in the absence of 
nucleus, at last during first 90 min after the operation. 

We suppose that the proboscis grows not only in response to excision 
or stomatogenesis but also in normal trophic cells. Proboscis lengthening 
in mass cultures may be easily observed, i.e., af ter the addition of f resh 
medium. Images of oral kinetosome proliferation next to the circum-
cytostomal kinety have often been observed in trophic cells. We suppose 
that the process of proboscis lengthening may start at any moment in 
the lifetime of trophic cells as a response to some change of medium. 
The existence of a mechanism that allows elongation of proboscis at any 
stage of the cell cycle indicates that a mechanism of proboscis shortening 
must also exist to keep the length of the proboscis in balance with the 
rest of the cell. That is the subject of research we are doing now. 

We failed to distinguish any distinct stages of proboscis regrowth. 
All of the changes in the structure of a cell with its proboscis regrowing 
may be found simultaneously. Instead of successive stages, we have 
found that simultaneous proliferation and resorption of infraciliature 
forms a very distinct pattern on the surface of the cell during proboscis 
growth. The density of resorbed or formed elements may change with 
the intensity of growth, but there remains the same pattern for a given 
morphogenetical process. During proboscis regrowth there is resorption, 
restricted to the somatic ciliature and located on the dorsal side of pro-
boscis and around the ventral part of cytostomal field (Fig. 5), and there 
is proliferation of oral as well as somatic kinetosomes situated around 
the ventral part of cytostomal field. 

Our previous observations on stomatogenesis in Dileptus (G o 1 i ri s k a 
and G r a i n 1969) indicate, that in stomatogenesis the proliferation — 
resorption pattern is different from the pattern found for proboscis re-
growth (Fig. 5). In early stages of stomatogenesis oral kinetosome pro-
liferation begins at the dorsal side of a fragment, or dorsal side of 
dividing cell (G o 1 i ri s k a 1972), and then spreads forming left and 
right rows that eventually join each other on the ventral side. Resorption 
affects the somatic ciliature only, and is restricted to the surface between 
the spreading rows of oral ciliature, on the area of the fu ture cytostomal 
field. In dividing cells resorption was found to occur anterior to the 
developing oral ciliature on the right and left side of animal. 

A pattern of simultaneous formation and breakdown of the micro-
tubular structures was reported by T u c k e r (1971) for dividing cells 
of Nassula. Our observations on Dileptus supply the additional informa-
tion that this pattern is different for different morphogenetic processes. 
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We are convinced, that any morphogenetic process that involves some 
change of shape in Dileptus is reflected in its proliferation — resorption 
pattern. 

is m a r k e d wi th open circles. The heavy line designate the oral kinety. A r r o w indi -
cate the direct ions of g rowth of mouthpar t s . Case A — pro l i fe ra t ion- resorp t ion 
pa t t e rn du r ing reg rowth of the proboscis. Case B — prol i fera t ion pa t t e rn dur ing 
g rowth of the oral appa ra tu s in an excysted ciliate. Case C — pro l i fe ra t ion- resorp-
tion pa t t e rn dur ing ear ly stages of stomatogenesis. The discont inuous line r ep re -

sents the course of the fu tu re oral kinety 

S u m m a r y 

An analysis of proboscis regrowth was performed by means of light 
and electron microscopy. The proboscis of Dileptus cygnus regrows in 
situ, while remaining mouthparts are still able to function. 

Observations on living cells revealed that the rate of growth of the 
proboscis may be the same after total and partial excision of the pro-
boscis. Moreover, observations on regrowth of incised stumps indicate 
tha t regrowth may be restricted to the proximal portion of the mouth-
parts. 

Oral ciliature has never been found to proliferate on the growing 
proboscis. Instead, proliferation of oral kinetosomes was found all around 
the circumcytostomal kinety. Somatic kinetosomes were observed to pro-
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liferate mostly within an area close to the circumcytostomal kinety. 
Images of resorption of somatic ciliature were found close to the circum-
cytostomal kinety, and on the dorsal side of the growing proboscis. 

It was concluded that new kinetosomes joined the kineties of the 
growing proboscis within an area located at the base of the proboscis. 
This area corresponds to the region of the growth of the proboscis. 

The process of proboscis regrowth is discussed as an independent 
morphogenetic process which is not a stomatogenesis but nonetheless 
involves formation of oral kinetosomes. The proliferation and resorption 
of kinetosomes during proboscis regrowth form a characteristic pat tern 
on the cell surface. The supposition is presented that each morpho-
genetic process which is accompanied by a change of cell shape of 
Dileptus is reflected in a characteristic pattern of resorption and pro-
liferation of kinetosomes. 
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RESUME 

La recroissance d u proboscis de Dileptus cygnus a é t é ana lysée en microscopie 
op t ique et é lectronique. Le proboscis repousse sur p lace q u a n d d ' au t r e s pa r t i e s 
orales res ten t en é ta t de fonc t ionnement . 

L 'observat ion des cellules v ivantes révèle q u a la croissance s ' e f fec tue d a n s la 
par t i e p rox imale du proboscis en reconst i tu t ion. Les é l éments c inétosomiens nou-
v e a u x sont fo rmés , p o u r le proboscis en croissance, dans la rég ion s i tuée à sa base. 
On consta te la resorpt ion de la c i l ia ture somat ique sur le côté dorsa l du proboscis, 
e t au tou r de la cinétie c i rcumcytos tomienne . 

La discussion concerne la rec ro i ssance du proboscis en t a n t q u e p h é n o m è n e 
morphogéné t ique indépendant , ainsi que la quest ion de l a p résence d ' u n p a t t e r n 
ca rac té r i s t ique de la pro l i fé ra t ion et de la resorpt ion des cinétosomes, qui r e f l è t e 
ce processus. 
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E X P L A N A T I O N OF P L A T E S I -VI I 

In f rac i l i a tu re in t rophic cells of Dileptus cygnus 

1: A sect ion th rough t h e c i rcumcytos tomal kinety (ccs.k) and the curved segments 
of somat ic k ine t ies (s.k.). Oral and somatic k inetosomes a r e in close prox imi ty to 
each other. Ora l k ine tosomes possess a t r ansverse f i be r (t) only. Somatic kineto-
somes possess t r ansver se f iber (t), postci l iary f ibe r (pc) and k ine todesma (kd). 
Cytostomal f ie ld (cs.f) X 15 500 
2: A r r a n g e m e n t of t he ci l iated kinetosomes in p rox imi ty to the cytostomal f ield 
(cs.f.). A r r o w s indicate t h e curved segments of somat ic kineties. P r e p a r a t i o n s ta ined 
wi th osmium. X 100 obj. 
3: T h e t rans i t iona l s egmen t of the le f t paracy tos tomal k inety (l.pc.k.) a t t h e base 
of proboscis. Cytostomal f ield (cs.f.), centra l f iber (c.f.). Somat ic k ine tosomes (s.ks.) 
of t h e short , ob l ique kineties. X 12 500 
4: The l e f t pa racy tos tomal k ine ty (indicated by ar rows) on t h e base of t h e pro-
boscis. The sector be tween t w o cont inuous l ines corresponds to t h e f r a g m e n t showed 
on Fig. ?. P r e p a r a t i o n s ta ined wi th osmium. X 100 obj, 
5: A sect ion th rough t h e r ight paracy tos tomal k inety (r.pc.k.) a n d t h e dense kinety 
(d.k.). Microf ibr i l la r band (mf). On t h e lef t s ide toxicysts a r e visible. X 15 500 
6: A section th rough t h e le f t paracytos tomal k inety (l.pc.k.). The discont inuous l ine 
indicates t h e ciliated kinetosomes. Somatic kinetosomes of shor t obl ique kinet ies 
(s.ks.). Cen t r a l f i be r (c.f.). X H0 500 
7: Oral k ine tosomes of t h e r ight paracytos tomal k inety . Mic ro tubu la r (mt.f.) and 
f i l amentous (f) e lements bui ld t h e addi t ional f iber. X 19 500 
8: A t r ansve r se section th rough t h e cent ra l f iber. Right t r ansverse f ibe r s (r.t.) join 
the r ight paracy tos tomal kinety. L e f t t ransverse f ibers (l.t.) join the le f t paracy to-
s tomal kinety . X 25 500 
9: A port ion of the r ight paracytos tomal kinety. Cil iated kinetosomes (c.ks.) and 
noncil iated k ine tosomes (n.ks.) f o r m pa i r s of kinetosomes. Transver se f i be r (r.t.), 
postci l iary f i be r (pc.). A f i l amentous e lement (f) and a micro t ubu l a r - f i l amen tous 
e lement (mt.f.) together cons t i tu te t h e addi t ional f iber . X18 000 
10: A por t ion of t he le f t paracy tos tomal kinety. Ciliated kinetosomes (c.ks.) and 
noncil iated k ine tosomes (n.ks.) a r e joined as the pai rs of kinetosomes. Transver se 
f ibe r (l.t.). postci l iary f ibe r (pc.), microf ibr i l s (mf.). X 18 500 
11: A section th rough a somat ic kinety. Transverse f ibe r (t), postci l iary f i be r (pc.), 
k ine todesma (kd.). X 15 500 

T h e course of g rowth of a n incised s tump . 
12: The trophic, no rma l ciliate. Cytos tome (cs.). X 10 obj . 
13: The s a m e ci l ia te w i t h proboscis par t ia l ly excised a n d wi th a n incision (arrow) 
m a d e on the s tump. 20 m i n a f t e r operat ion. 
14: T h e same, 65 min a f t e r operat ion. 
15: T h e same, 90 min a f t e r operat ion. 
16: T h e same, 150 min a f t e r operat ion. 

Changes of s t ruc tu re du r ing proboscis regrowth. 
17: A t r ansver se section th rough the distal pa r t of proboscis. The cont inuous l ine 
l inks r ight and le f t pa racy tos tomal kineties, thus dividing oral f r o m somat ic p a r t s 
of proboscis. Cent ra l f ibe r ( d ) . X 5 500 
18: A t r ansve r se section th rough t h e p rox imal pa r t of proboscis. T h e cont inuous 
l ine l inks r ight and l e f t pa racy tos tomal kineties, t h u s dividing oral a n d somatic 
par ts . Cen t ra l f ibe r (cf.). X 5 000 
19: The resorbed cilia (arrows) in the cytoplasm of regrowing proboscis 15-25 min 
a f t e r operat ion. On t h e l e f t side oral k inetosomes a r e visible. X 8 500 
20: A sect ion th rough the cytostomal f ield (cs.f.) and a somat ic region wi th somat ic 
k ine tosomes (s.k.). 40-60 min a f t e r operat ion. The a r row indicates the resorbed 
cil ium. No sections of cilia a re visible in the area be tween the cytostomal f ie ld 
and t h e somat ic region. X Hi 500 
21: A r r a n g e m e n t of cil iated k ine tosomes a round t h e cytos tomal f ield (cs.f.). 30-60 
min a f t e r t he operat ion. Stained w i t h osmium. Ar rows indica te lack of curved 
segments of somat ic k ine t ies close to the cytostomal f ield. X 100 obj. 
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22: A section th rough the cytos tomal f ield (os.f.) a n d t h e somat ic region w i t h the 
somat ic kinet ies (s.k.). 15-25 m i n a f t e r the operat ion. A r r o w s ind ica te resorbed 
cilia. Cont inuous l ine indicates the course of t h e c i rcumcytos tomal k inety . Discon-
t inuous l ines indica te t h e course of t he somat ic kineties. X 14 500 
23: The pa t t e rn of oral and somat ic c i l ia ture in the r eg rowing proboscis, 0-30 min 
a f t e r operat ion. Cytostomal f ie ld (cs.f.). A r r o w s indica te t h e c i rcumcytos tomal cilia-
tu re . P r e p a r a t i o n s ta ined w i t h protargol . X 10 obj . 
24: Somat ic region of t h e body close to the cytostomal f ield (cs.f.). A r r o w s indica te 
some somat ic k ine t ies on t h e r ight s ide of the cell. Dense k ine ty (d.k.). T h e d i f -
f e rences of densi ty of k ine tosomes in these k ine t ies a r e visible. P r e p a r a t i o n s ta ined 
w i t h protargol . X 100 obj. 
25 a : A section th rough the c i rcumcytos tomal k ine ty 40-60 m i n a f t e r t he operat ion. 
A r r o w s indica te some n e w oral kinetosomes. Resorbed ci l l ium (r.c.), n e m a d e s m a of 
ex te rna l baske t (nd.), t r ansve r se f iber (t). X 11 500 
25 b : T h e f o r m a t i o n of new oral kinetosomes. X 22 000 
26: A p ic tu re i l lus t ra t ing the folding of t he oral k ine ty (arrows) on one s ide of 
t he cytostomal f ield (cs.f.) 30-60 m i n a f t e r opera t ion . P r e p a r a t i o n s ta ined w i t h 
protargol . X 100 obj. 
27: Base of t h e proboscis. A section th rough the r ight pa racy tos tomal k ine ty (r.pc.k.) 
a n d dense k ine ty (d.k.). Discont inuous l ines show courses of somat ic a n d ora l k ine-
ties. Folding of these k ine t ies is visible. 100-120 m i n a f t e r operat ion. X 19 500 
28: The oral k inet ies on the r igh t side of the cytostomal f ield (cs.f.) 30-60 min 
a f t e r operat ion. A r r o w s ind ica te fo ld ing on t h e base of proboscis. P r e p a r a t i o n 
s ta ined wi th protargol . X 100 obj . 
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Variations in Carbohydrates, Glycogen and Proteins 
in Blepharisma intermedium During Synchronous Division 

Synopsis. S y n c h r o n o u s d iv is ion in Blepharisma intermedium w a s i n d u c e d 
by t e m p e r a t u r e s h i f t s — 12°C fo r 95 h a n d 38°C f o r 24 h. Q u a n t i t a t i v e 
d i f f e r e n c e s in c a r b o h y d r a t e s , g lycogen a n d p ro t e in s of Blepharisma in-
termedium exposed to 12°C f o r 95 h, 38°C fo r 24 h h a v e b e e n s t ud i ed 
a n d c o m p a r e d w i t h t h e ci l ia tes g r o w n a t r oom t e m p e r a t u r e . 

The life cycle of an animal cell is characterized by a well coordinated 
synthesis of various macromolecules leading to an increase in cell mass, 
replication of genetic material and ultimately a sharing of macromole-
cules as a result of mitosis ( P r e s c o t t 1964). Until recently, most of 
the information concerning these events was obtained by observing single 
cells in randomly dividing cultures ( F e i n e n d e g e n and B o n d 1963, 
K i l l a n d e r and Z e t t e r b e r g 1965, K o n r a d 1963, P r e s c o t t 
and B e n d e r 1962, P r e s c o t t 1964, S c o p e s and W i l l i a m s o n 
1964, T a y l o r 1960). However, detailed quantitative investigations at 
the biochemical level require material in amounts far exceeding that 
which one cell can supply. This has led to a demand for cultures in 
which the cells engage simultaneously in division. This is called syn-
chronous division. Synchronous division of Blepharisma intermedium 
was obtained by temperature treatment. Biochemical assay of total carbo-
hydrates, glycogen and proteins were made on synchronously dividing 
Blepharisma intermedium. 

M e t h o d s 

P u r e c u l t u r e s of Blepharisma intermedium B h a n d a r y g r o w n i n h a y i n f u s i o n 
fo r t i f i ed w i t h ho r l i cks w a s exposed to t e m p e r a t u r e shocks. T h e f o u r m e t h o d s used 
to i n d u c e s y n c h r o n o u s d iv is ion by t e m p e r a t u r e shocks h a v e been desc r ibed in a n 
ea r l i e r p a p e r ( K a s t u r i Bai a n d T a r a 1972). 

A s t h e s y n c h r o n o u s d iv is ion w a s m a x i m u m in t h e cu l t u r e s g r o w n a t 12"C f o r 
95 h a n d a t 38°C f o r 24 h, b iochemica l inves t iga t ions w e r e m a d e on Blepharisma 

6 — Acta Protozool. 15/2 
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intermedium accl imated to 12°C for 95 h a n d 38°C for 24 h at t h e end of t he hea t 
shock. Invest igat ions we re m a d e on ciliates accl imated only to the cold 12°C fo r 
95 h and compared with the ci l iates g rown at room t e m p e r a t u r e 26°C. 

Carbohydrates 

The assay for total c a rbohydra t e s w a s adap ted f r o m D u b o i s et al. me thod 
(1956). 100,000 cil iates we re cen t r i fuged and the pellet w a s w a s h e d t h r e e t imes in 
0.15 M KC1 and th r ice in D r y l ' s solut ion (1959). This pel let was kept a t 60°C 
unt i l cons tan t weigh t was obtained. Then pel let w a s washed in 1 ml of 1 N N a O H 
and t h e n m a d e up to 10 ml, 0.1 to 0.2 ml of th i s was di luted to 1 ml a n d 0.05 ml 
al iquot of 80°/o phenol was added. Five ml of concent ra ted H 2 S0 4 w e r e then added 
a n d the optical densi ty w a s de te rmined at 490 n m a f t e r 30 m i n incuba t ion a t 
25-30°C. 

Glycogen 

The method adap ted for glycogen assay was f r o m M c C r e a d y et al. (1950) 
and C o o k (1967). About 40,000 ciliates w e r e cen t r i fuged and collected in to a pel -
let. They w e r e washed th ree t imes in 0.15 M KC1 and thr ice in D r y l ' s solut ion 
(1959). T h e washed pellet w a s ex t rac ted w i t h boiling 55°/o e thanol unt i l the super -
na t an t did not give colour for t he presence of sugars wi th A n t h r o n e reagent . This 
cell res idue w a s hydrolysed a t 25°C for at least 10 m i n in 2 ml of 1 N NaOH. T w o 
ml of 50°/o perchlor ic acid w e r e added to t h e hydro lysa te which w a s then chilled 
to 0-5°C. About 0.5 ml to 1 ml was used for development of colour to a f ina l 
vo lume of 2 ml, 10 ml of 0.1°/o A n t h r o n e reagent (1 g/72°/o H 2 S0 4 ) w a s used a n d 
the s a m p l e w a s hea ted in a boiling w a t e r ba th for 10 min, cooled to room t empe-
r a t u r e and the optical density w a s read at 630 nm. 

Proteins 

For pro te in analysis, about 40,000 ciliates w e r e cent r i fuged a n d collected in to 
a pellet. They w e r e washed th ree t imes in 0.15 M KC1 and th ree t imes in D r y l ' s 
solutions (1959). The washed pellet was resuspended in 5°/o t r ichloroacet ic acid for 
20 min a t room tempera tu re . The acid insoluble ma te r i a l w a s w a s h e d twice in 5°/o 
TCA a n d then total protein de te rmina t ions we re m a d e on the f ina l pel let by t h e 
me thod of L o w r y et al. (1951) a n d the optical densi ty was de t e rmined at a w a v e -
length of 660 nm. 

R e s u l t s 

Quantitative estimations of total carbohydrates, glycogen and pro-
teins revealed one thing in common. The amount of all these substances 
was more in Blepharisma intermedium grown at 12 °C for 95 h and ex-
posed to 38 °C for 24 h when compared to the ciliates grown at room 
temperature as well as ciliates acclimated to only 12 °C for 95 h. The 
results are summarized in Table 1. 
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Table 1 
Blepharisma intermedium exposed to cold and warm temperature — 106 cells 

Hot 38°C 24 h, after 
Normal Cold 12°C 95 h cold exposure 

(12°C for 95 h) 

Proteins 
Glycogen 
Carbohydrates 

61 mg 
11 mg 
14 mg 

59 mg 
9 mg 

20 mg 

93 mg 
12 mg 
31 mg 

D i s c u s s i o n 

The manner in which the biosynthesis of cell components is regulated 
has been the subject of renewed interest in recent years. Our informa-
tion has been largely derived from exponentially growing cultures. Such 
cultures contain a mixture of cells at various stages in the division cycle 
and their analysis yields average values of the individual members of 
the population. Hence, there is little information of the way in which 
these processes are integrated into the overall process of cellular growth 
and division in individual cells. With the exception of a few enzymes, 
techniques are not available for examination of the biosynthesis of macro-
molecules in single cells. The use of synchronously dividing cultures of 
microorganisms provides a means by which the events occurring in single 
cells can be amplified and therefore subjected to analysis by the usual 
biochemical tools. Much knowledge about the course of cellular changes 
during a cell generation cycle has been obtained from studies on single 
cells of known ages, with the aid of refined cytological techniques. For 
quantitative information on the changes in the cellular components, bio-
chemical estimations of total carbohydrates, glycogen and proteins were 
made. 

Metabolic studies on the availability of energy for cell division, first 
made on dividing sea urchin eggs, have shown that aerobic conditions 
along with efficient respiration and carbohydrate utilization are necessary 
for mitosis ( K r a h l 1950, S w a n n 1957). On the basis of these studies 
the theory originated that the energy for division must be built up 
before the cell enters mitotic prophase ( B u l l o u g h 1952, B r a c h e t 
1957, S w a n n 1957). This theory was extended and elaborated by 
B u l l o u g h in his reports on mouse ear epidermis cultured in vitro 
(1952, 1955). B u l l o u g h has tried to show that controlling mechanism 
for mitosis lies in the accumulation of energy from glucose during 
a "critical" period prior to visible prophase that he has called ante-
phase. 

The presence of carbohydrates, fats and proteins in protozoa are con-
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sidered as reserve food material. The accelerated rate of respiration 
( C u r n u t t and S c h m i d t 1964) synthesis of RNA and DNA 
( S c h m i d t and H e r r m a n n 1965) and deposition of cell wall etc., 
during nuclear division in the high temperature strain of Chlorella 
pyrenoidosa, when the rate of photosynthesis was at a minimum (S o-
r o k i n 1957) suggested that a previously accumulated carbohydrate 
reserve was mobilized during this event to supply the carbon precursors 
and energy for organic synthesis. Accumulation of glycogen in response 
to the heat shocks was demonstrated by S c h e r b a u m and L e v y 
(1961). The accumulation seems to be faster than other macromolecules 
during the synchronizing treatment. Accumulation of more complex 
carbohydrates, some rich in amino sugars has been reported by L i n d h 
and C h r i s t e n s s o n (1962) and C h r i s t e n s s o n (1962). These 
authors deal extensively with aggregates of carbohydrates and RNA. 
Accumulation of carbohydrates or energy reserves in one period will f ree 
the cells labours for increased respiration and a generally increased syn-
thetic activity in the next period (P a d i 11 a et al. 1966). 

The results of the present investigation show an increase in the total 
carbohydrates and glycogen after temperature treatment (Table 1). Howe-
ver, there is no wide variation in the amount of glycogen content at 
the three temperatures studied. There is considerable difference in the 
amount of total carbohydrates present. At the end of the heat shock it 
is nearly double the quantity present at 26 °C. 

Z h i n k i n (1929) notes that in Stentor glycogen is accumulated at 
low temperatures and consumed at high temperatures. In this investiga-
tion, the quantity of glycogen present in Blepharisma intermedium 
during cold temperature (12 °C) is less than in the warm temperature 
(38 °C). 

In synchronous cultures of yeast, the increase in mass, protein and 
RNA continue approximately linearly throughout the division cycle, with 
the rate of synthesis doubling with each generation ( G o r m a n et al. 
1964, M i t c h i s o n 1957, M i t c h i s o n and C u m m i n s 1964, 
S c o p e s and W i l l i a m s o n 1964, T a u r o 1965). The total cellular 
content of protein, RNA and DNA and photosynthetic pigments has been 
measured in synchronized Euglena gracilis ( C o o k 1965). Protein and 
RNA here are synthesized in parallel in synchronized Euglena. This 
synthesis continues in a linear manner over the entire 24 h light-dark 
cycles when expressed per millilitre of culture ( C o o k 1965). In Tetra-
hymena pyriformis (P a d i 11 a et al. 1966), biochemical measurements 
of cellular content of protein, RNA, DNA and carbohydrates were made 
on synchronized cells. The results suggested that on increase in DNA 
templates in one period will allow increased synthesis of RNA in the 
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next period. Increased RNA would in turn allow more protein synthesis 
in the next period. The protein content of Tetrahymena pyriformis 
varies with the culture conditions. In exponentially multiplying popula-
tions, values from 0.74 to 3.2 mg protein per million cells have been 
published ( C h r i s t e n s s o n 1959, L e e et al. 1959, L e i c k 1967, 
S c h e r b a u m and L e v y 1961, S i n g e r and E i l e r 1960). The 
first at tempt to measure differential increases in the cell proteins during 
the period of heat shocks was made by C h r i s t e n s s o n (1959). Throu-
ghout the synchronizing heat treatment a general increase in protein 
content has been observed (B y f i e 1 d and S c h e r b a u m 1966, C h r i -
s t e n s s o n 1959, L e e et al. 1959, L e i c k 1967, S c h e r b a u m et 
al. 1959). Changes in the protein composition before and during cell di-
vision have been demonstrated by W a t a n a b e and I k e d a (1965 b, c). 
Very little information is available on the effect of a single heat shock 
in the synchronizing programme on the synthesis of various fractions 
of cell protein. However, there are few reports dealing with the ra te at 
which total "protein is synthesized during the heat treatment ( M i t a et 
al. 1959, W a t a n a b e and I k e d a 1965 a). H a m b u r g e r and 
Z e u t h e n (1960) have found an increase in the protein content in 
Tetrahymena pyriformis af ter the heat treatment. 

In this investigation synchrony in division has been induced in 
Blepharisma intermedium, with only a single heat shock. It is found 
that there is considerable increase in the quantity of protein at the end of 
heat treatment. This is in agreement with H a m b u r g e r and Z e u-
t h e n ' s (1960) report. They have found a similar increase in the protein 
content of Tetrahymena pyriformis at the end of the heat treatment. 

Reserves of glycogen, carbohydrates and proteins increase in quantity 
at the end of the heat treatment in synchronized cells of Blepharisma 
intermedium. 

RÉSUMÉ 

La division s y n c h r o n i q u e du Blepharisma intermedium a é t é ob tenue p a r c h a n -
gemen t s de t e m p é r a t u r e — 12°C p e n d a n t 95 heures et 38°C p e n d a n t 24 heures . La 
d i f f é rence quan t i t a t ive en hydrocarbones , gycogine et proté ines du Blepharisma 
intermedium exposé à 12°C p e n d a n t 95 heures, c o m m e celui exposé à —38°C pen-
d a n t 24 heures a été é tudiée et comparée avec les "ci l iates" développés en c h a m b r e 
( t empé ra tu r e normal) . 
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J e r z y S I K O R A and L e s z e k K U Ź N I C K I 

Cytoplasmic Streaming within Paramecium aurelia. IV. Cyclosis 
During Binary Fission and Conjugation 

Synopsis. Cyclosis s h o w n by t h e Paramecium aurelia is ceased a t t he 
t i m e of comple t ion of b i n a r y f i s s ion a n d a t t h e p r e s u m a b l e e x c h a n g e 
of m i g r a t o r y p ronuc le i in c o n j u g a t i o n . In bo th cases cyclot ic s t r e a m i n g 
of c y t o p l a s m ar i ses soon aga in , e i t he r in f i ss ion p r o d u c t s a n d in con-
j u g a t i n g pa i r , a f t e r comple t ion of m e n t i o n e d a b o v e s tages . 

Our previous papers (K u ź n i c k i and S i k o r a 1971, 1972, K u ź -
n i c k i et al. 1972) deal with the main features of cytoplasmic stream-
ing within Paramecium aurelia. Variety of agents can disturb or cease 
the cyclotic activity of cytoplasm (K o e n u m a 1954, 1963, Y a m a-
s h i t a 1964, Y a m a d a 1969, 1970, 1974 a, b, K u ź n i c k i and S i -
k o r a 1973 a, b). The evidences reported by K u ź n i c k i et al. (1972) 
suggest that cytoplasmic streaming might be also ceased and arisen 
again without influence of external stimuli what means that the cell 
is able to control the movement of its cytoplasm. From the other hand 
careful observation shows that activity of cytoplasm seems to be depen-
dent in some extent of the phase of conjugation ( W i c h t e r m a n 1940, 
S i k o r a and K u ź n i c k i 1973). Therefore the aim of the present 
paper was to examine the cases when cessation of cytoplasmic streaming 
seems to be related with the some events of the life cycle of Paramecium 
aurelia namely: interfission, binary fission and conjugation. 

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

T h e c i l ia te s tud ied w a s Paramecium aurelia s tock 51, s y n g e n 4, se ro type 51A. It 
w a s c u l t u r e d in l e t tuce i n fu s ion inocu la t ed w i t h Aerobacter aerogenes a t 27UC 
( K u ź n i c k i a n d S i k o r a 1971). Food w a s p r o v i d e d to o b t a i n in t e r f i s s ion per iod 
a b o u t 7-8 h. 
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Early d iv iders of P. aurelia have been obta ined by m e a n s of "method of thress" 
(E h r e t and D e H a l l e r 1963) whi le m a t i n g react ive cil iates h a v e been obtained 
fol lowing S o n n e b o r n ' s (1950, 1970) methods. P rocedu re fo r immobil izat ion ap-
plied w a s di lu ted an t i s e rum method ( K u ź n i c k i a n d S i k o r a 1971). The speci-
m e n s which init ial ly has not shown cyclosis w e r e not t a k e n in to f u r t h e r experi-
men ta l procedure . Records of observat ion w e r e collected ei ther by use of c inema-
tography or long t ime exposure photography under polar izing microscope. Some 
observat ion w e r e provided on thigmotact icly sett led ciliates. D i p p e l l (1955) 
s ta in ing w a s used to check the s tages of conjugat ion at t h e nuclear level. 

R e s u l t s 

Judging by the appearance of the pattern and the velocity of cyto-
plasmic streaming within different length interfission paramecia (PL I 1, 
Fig. 1 a) it was not possible to distinguish significant differences among 
them. Careful examination of more than 25 specimens of antiserum im-
mobilized paramecia at different interfission stages between subsequent 
divisions has shown that only short lastig cessation of cytoplasmic strea-
ming occur (K u z n i c k i et al. 1972). It seems that interfission paramecia 
are able to exhibit the cyclotic movements of cytoplasm throughout the 
whole period. 

Fig. 1. These d rawings show the schemat ic pa t t e rn of cyclosis in the subsequent 
s tages of conjugat ion of Paramecium aurelia: before conjugat ion (a), w i th in con-
jugat ing pa i r w h e n cyclosis is still p resen t (b), the cessation of cyclosis (c), a n d 

w h e n cyclosis appea r a t the last stages of conjugat ion (d) 

Every pair of 24 studied conjugating paramecia, either antiserum im-
mobilized, or thigmotacticly settled down, exhibit vigorous cytoplasmic 
streaming (PL I 2, Fig. 1 b) except the stage shown on the PI. I 3, 
Fig. 1 c. The cessation of cytoplasmic streaming occurs at the time rela-
ted to the third division of micronuclei and probably migratory nuclei 
exchange, judging from the D i p p e l l (1955) staining preparations. Be-
fore separation of conjugating paramecia, the cyclotic activity arises 
again (PI. I 4, Fig. 1 d). 

It have been proved that the progress of binary fission of P. aurelia 
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immobilized by means of antiserum is not affected. By use the "method 
of thress" (E h r e t and D e H a l l e r 1963) predivisional cells were 
collected and immobilized. At a few minute intervals succeeding stages 
of division was determined upon the appearance of fission fur row on 
the left side of the cell and photographic records were taken. As it is 
shown on the long time exposure photography (PL II 5, 6, Fig. 2 a, b, ci) 
at stages when the first signs of the furrow arise and are in progress the 
cytoplasmic streaming has its normal velocity and pattern. Jus t before 
the moment of fur row completion (Pl. II 7) in every one examined case 
cytoplasmic streaming ceases (Pl. II 8, Fig. 2 d). After dividing off into 

Fig. 2. These d rawings show the schemat ic pa t t e rn of cyclosis in the subsequen t 
s tages of b ina ry fission of Paramecium aurelia: (ventral s ide facing to t h e v i ewer ) : 
in terf iss ion specimen (a), predivis ional s tages (b, c), jus t before complet ion of f ission 

w h e n cyclosis is ceased (d), t w o p roduc t s of b inary fission wi th cyclosis (e) 

daughter cells the cytoplasmic streaming appears again (Pl. 9, 10, Fig. 2 e). 
The processes of cessation and reappearance of cytoplasmic streaming in 
conjugating members and in dividing specimen of P. aurelia are generaly 
much alike in both phenomena. Completion of cessation is preceded by 
increasing retardation of the velocity of whole streaming along the route. 
After few (3-6) min only flickering crystals are seen eventualy entirely 
ceased. Reappearance of cyclosis af ter completion of presumed exchange 
of micronuclei in conjugation and completion of cleavage of dividing cell 
is preceded by increase of vibration of particles at the area when cyto-
plasm flows in cyclosis. The first signs of the local narrow streamings 
appear mainly at the base of dorsal branch of cyclotic route (Fig. 1 d), 
however, it may often disappear for some time. Transition between mo-
tionless state and complete renormalization of the pattern of cyclosis 
is not sharp therefore timing of these processes is difficult. Rough esti-
mation shows that processes of renormalization of cyclosis take place in 
case of conjugation about 30-40 min and in case of binary fission about 
20 min what is significantly slower when compared with the rate of 
short lasting cessation of cyclosis. 
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D i s c u s s i o n 

Due to the point in question when the cytoplasmic streaming might 
be stopped in relation to the stage of the life cycle it was proved that 
the short lasting cessation (K u z n i c k i et al. 1972) might take place 
throughout the whole interfission period while long lasting cessation 
occur at the time of completion of binary fission and at the time of prei-
sumable exchange of migratory pronuclei in conjugation (S i k o r a and 
K u z n i c k i 1973). It is likly that the autogamous Paramecium aurelia 
at the stage related to the conjugation also shows cessation of cytoplasmic 
streaming, however, it was not possible to prove that yet. The main 
obstacle was in timing of the nuclear events concomitantly with the 
cytoplasmic activity observation. In the case of use of the phase contrast 
optics for visualization of the state of nuclei leads to flattening (H a n -
s o n et al. 1969, H a n s o n 1974), though distorting the normal shape 
of the cell what, however, improves the viewing of the specimen but 
affects it so much that cytoplasmic streaming is stopped (S i k o r a un-
published). 

At the time of pronuclei exchange between conjugating P. aurelia 
Jurand (personal communication) had observed on the EM photographs 
the microtubules and microfilaments lying closely to the migratory pro-
nucleus what seems to show the motive role of those structures. Con-
comitantly at the same stage the cytoplasmic streaming is ceased. There-
fore it might be presumed that long lasting cessation of cytoplasmic 
streaming occurs in those stages in life cycle when there is need of 
direct and precise location of the cell components performed by other 
motive systems than those promoting cytoplasmic streaming. Otherwise 
micronuclei division products might be randomly "carried by currents 
away" (D i 11 e r 1936). There is no reasonable explanation why cyclotic 
activity of cytoplasm is ceased at the time of completion of binary fission. 
It should be pointed out, that long lasting cessation might be due to the 
influence of environmental agents probably at any time of life cycle. 
This aspect of cytoplasmic streaming behaviour will be under considera-
tion elsewhere. 

RÉSUMÉ 

L a cyclase chez Paramecium aurelia est i n t e r r o m p u e p e n d a n t le s tade de la 
division cellulaire, e t p e n d a n t la pér iode de la conjuga ison q u a n d p robab l emen t 
s ' e f fec tue l ' échange des p ronoyaux migratoi res . Dans les deux cas le couran t 
cy toplasmique circulaire r é a p p a r a î t aussi tôt après l ' accompl issement de ces stades, 
aussi bien dans les cellules produi tes p a r la division que chez les pa r t ena i r e s en 
conjugaison. 
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E X P L A N A T I O N OF P L A T E S I - I I 

1-10: Long t ime exposure pho tographs u n d e r polar izing microscope of an t i s e rum 
immobil ized Paramecium aurelia. B i re f r ingen t crystals a r e see as a w h i t e dots or 
pa ths w h e n are f lowing w i t h the cytoplasmic s t r eaming 
1: In te r f i ss ion specimen wi th the no rma l pa t t e rn of cytoplasmic s t reaming . Exposu-
re t ime :3>0 s 
2: Ear ly s tage of conjugat ion. A r r o w s points the di rect ion of t he f l ow of cyclic 
s t r eaming wi th in both mates . Exposure t ime 15 s 
3: Cessat ion of cytoplasmic s t reaming a t t h e s tage of th i rd division of micronucle i 
in con juga t ing pair . Exposure t ime 15 s 
4: The s tage of con juga t ion just be fore separa t ion of mates . Cytoplasmic s t r eaming 
ar i se again. Ar rows indicates: vigorously f lowing b i r e f r ingen t crystals. Exposure 
t i m e 30 s 
5-10: Subsequent s tages of t he b ina ry f ission of the s a m e specimen of Paramecium 
aurelia (dorsal side faceing to the viewer) 
5: Ear ly s tage of b ina ry f ission w h e n cytoplasmic s t r eaming has still i t s no rma l 
pattern,. Exposu re t i m e 10 s 
6: Binary f ission in progress. Velocity of cytoplasmic s t reaming is reduced. Expo-
sure t ime 15 s 
7: Cessation of cytoplasmic s t r eaming just be fore complet ion of division f u r r o w . 
Exposure t i m e 10 s 
8: Complet ion of division f u r r o w . No signs of cytoplasmic s t reaming. Exposure 
t i m e 15 s 
9: Fi rs t s igns of cytoplasmic s t r eaming indicated by the ar rows. The cells r e m a i n 
a t t ached to each o ther because both a r e immobil ized. Exposu re t ime 10 s 
10: Recovery of t h e n o r m a l p a t t e r n of cytoplasmic s t r eaming wi th in p ro te r a n d 
opisthe. Only in opisthe the c i rcular cha r ac t e r of the s t r eaming is wel l seen, w h i l e 
in pro te r the t u r n along the long axis of the cell occur and only fac ing pa r t of 
s t r eaming is in t h e focus. Exposure t i m e 10 s 
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Ulrich-Haberland-Str. 61 a, Federal Republic of Germany 

W. K O R O H O D A 1 and W . S T O C K E M 

Two Types of Hyaline Caps, Constricting Rings 
and the Significance of Contact for the Locomotion 

of Amoeba proteus 2 

Synopsis. T h e r e n o r m a l i z a t i o n of locomot ion in spec imens of Amoeba 
proteus o r ig ina l ly s h o w i n g f o u n t a i n - l i k e cy top lasmic s t r e a m i n g is a c c o m -
pan ied by typ ica l changes in t h e m o r p h o l o g y of the hya l ine cap. T h e 
h e m i s p h e r i c a l s h a p e of t he cap in a m o e b a e exh ib i t i ng f o u n t a i n - l i k e 
s t r e a m i n g r e su l t s f r o m the p r e s s u r e e x e r t e d u p o n it by t h e s t r e a m i n g 
e n d o p l a s m . This can be fo l lowed by t h e obse rva t ion t h a t t h e cap a s s u -
m e s a sphe r i ca l s h a p e w h e n t h e cy top l a smic s t r e a m i n g c h a n g e s d i rec t ion 
a n d t h e p r e s s u r e is dec reased . I t is t r a n s f o r m e d t h e n to a n o r m a l cy to-
p l a smic vacuo le w i t h a w a t e r y con t en t c o m p a r a b l e to t h a t of t h e p u l -
sa t ing vacuole . Cons t r i c t ing r ings t r a v e l l i n g a long the p e r i p h e r y of i n -
comple t e ly a t t a c h e d spec imen on si l iconized glass could be fo l lowed in 
deta i l . T h e b e h a v i o u r of t he se r i ngs sugges ts t h a t they resu l t f r o m ec to-
p l a smic con t rac t ions . C h a n g e s in t he po la r i za t ion of s t r u c t u r e a n d mot i l e 
ac t iv i t ies , i n d u c e d by local a t t a c h m e n t of t h e cell sur face , w e r e observed . 
T h e s e p h e n o m e n a w e r e i n t e r p r e t e d as f u r t h e r ev idence fo r a s ign i f i can t 
ro le of t h e cell m e m b r a n e in mot i l e b e h a v i o u r in amoebae . 

The significance of hyaline caps for the locomotion of large amoebae 
of the proteus-chaos-group has been discussed by several investigators 
( M a s t 1926, G o l d a c r e 1958, 1961, A l l e n 1962, K a v a n a u 
1965). According to recent observations on Amoeba proteus (K o r o h o-
d a and S t o c k e m, 1975), two distinct types of hyaline caps dif-
fering in structure and function could be distinguished. In pseudopodia 
extending during normal locomotion the hyaline cap consisted of pure 

1 T h i s w o r k w a s ca r r i ed ou t d u r i n g t h e y e a r Dr. K o r o h o d a s p e n t in t h e I n s t i -
t u t e of Cytology a n d M i c r o m o r p h o l o g y in Bonn . T h e a u t h o r w i s h e s to t h a n k 
Prof . dr. K. E. W o h l f a r t h - B o t t e r m a n n f o r hosp i t a l i ty a n d t h e A l e x a n d e r von 
H u m b o l d t - S t i f t u n g fo r a scho la r sh ip . 

P r e s e n t a d d r e s s : Dr . Włodz imie rz K o r o h o d a , In s t i t u t e of Molecu la r Biology, 
J a g i e l l o n i a n Un ive r s i ty , K r a k ó w , G r o d z k a 53, P o l a n d . 

2 T h e a u t h o r s a r e i n d e b t e d t o P ro f . dr. J . A b e l f o r r e a d i n g a n d d i scuss ing t h e 
m a n u s c r i p t . 
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ground cytoplasm, whereas in specimens showing fountain-like streaming 
it contained a watery fluid with a low content of organic substances. 
In the present communication further evidence is given that this type 
of hyaline cap represents a cytoplasmic vacuole. Besides this some 
observations on the existance of contractile rings and the contact of the 
cell surface of the amoebae with the glass as well as the functional 
polarization in the morphology and activity of the cells are reported. 

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

Amoeba proteus (Pr incenton strain) was g rown according to the method descri-
bed by H a b e r e y a n d S t o c k e m (1971). All observa t ions w e r e car r ied out be 
m e a n s of Zeiss photomicroscope (Zeiss, Oberkochen) equipped wi th da rk field, 
no rma l phase con t ras t or d i f ferent ia l in te r ference con t ras t optics. 

For scanning electron microscopy the amoebae w e r e rapid ly f rozen in liquid 
f reon , f reeze-dr ied in a Leybold appara tus at — 160°C for several days, coated wi th 
gold and pho tographed in a Cambridge S4 s tereoscan electron microscope 3 . 

R e s u l t s 

(1) Hyaline cap-vacuole 

S e r a v i n (1966) reported that monopodial amoebae started normal 
locomotion when he separated or punctured the hyaline cap. We observed 
the same effect af ter transferring specimens showing fountain-like 
streaming (PI. I 2 and II 4) to new culture medium containing Chalkley-
solution with CaCl2 up to a final concentration of 1 mM. A sequence of 
changes in morphology of the hyaline cap during renormalization of 
locomotion in Amoeba proteus is shown in PI. II 5-10, III 11-14. Im-
mediately after reversal of cytoplasmic streaming (PI. II 5-7, III 11-13) 
the hyaline cap became separated from the cell membrane by a thin 
layer of ectoplasm (PI. II 8, III 13 and 14, arrow-head). At the same 
time characteristic changes in shape of the hyaline cap occur. The cap 
which is normally flattened at its posterior border (PI. II 4, 5-7, PI. I l l 
11 and 12) rounds up (PI. Ill 13) and becomes completely spherical (PL 
II 8). While the amoeba gradually returns to normal locomotion by the 
formation of new pseudopodia (PI. II 9 and 10), the spherical hyaline 

3 We h a v e to t h a n k Prof . dr. W. Klof t ( Inst i tute of Applied Zoology, Univers i ty 
of Bonn) fo r t h e oppor tun i ty to use the stereoscan. 
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cap is transported to the uroid region. Later the vacuole-like cap dis-
appeared. We were unable to determine whether its hyaline content was 
resorbed by the cytoplasm or extruded from the cell through the cell 
membrane. 

The hyaline cap during fountain-like streaming in A. proteus appears 
to represent a vacuole with a watery content. This can be concluded 
both from the above described results and the observation that a typical 
hyaline cap is always formed after a large cytoplasmic vacuole has been 
transported to the tip of a pseudopoaium. This causes the cell to attain 
a monopodial form and the vacuole to assume a hemispherical shape by 
the pressure exerted upon it by the streaming endoplasm. Finally we 
were never able to follow cytoplasmic particles entering the hyaline cap 
fluid. These particles always flowed around the hyaline cap vacuole 
within the thin ectoplasmic layer separating the membrane of the vacuole 
and the plasmalemma (c.f. Pl. I l l 14, arrow-head). 

(2) Constricting rings 

K a p p n e r (1961) described constricting rings running along mono-
podial Chaos chaos amoebae after t reatment with a 1 raM ATP solution. 
Similar rings (furrows) were later observed by K a n n o (1969) in some 
non-locomoting specimens of Amoeba proteus incompletely attached to 
the substratum. We noticed the occurrence of such rings in monopodial 
cells of Amoeba proteus which did not show active locomotion and in 
which a hyaline cap vacuole was lacking (Pl. I 3 and Pl. IV 15-18). 
These rings were formed at the anterior end of the cell (Pl. IV 15, b 
and a) and shifted backwards (follow c, b and a in Pl. IV 16-18) with 
an average speed of 2 to 5 (im X s—1. This value is in agreement with 
measurements of K a n n o (1969) and corresponds to the normal loco-
motion speed of amoebae attached to the substratum. The formation 
and disappearance of constricting rings can also be observed over a period 
of several hours in cells placed on siliconized glass. The transfer of such 
specimens to clean glass results in the attachment of the amoebae to 
the glass surface and in the reorganization of normal locomotion. 

(3) Cell contact 

Attachment of a cell to a solid surface has always been considered 
as a necessary precondition for normal amoeboid locomotion (c.f. M a s t 
1929). Local contact of originally unattached cells also causes significant 
changes in morphology and moving activity of Amoeba proteus (Pl. V 
19-22). This could be demonstrated in specimens kept for several hours 
in suspension. Those cells attain a radiose form by the production of 
long, branched pseudopodia (Pl. V 19). The building of such pseudopodia 

7 — Acta Protozool. 15/2 
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is brought about by disorganized cytoplasmic streaming, whilst their re-
traction is accompanied with a corrugation or krinkling of the cell sur-
face (PI. V 23, c.f. K o r o h o d a 1970). When one of these pseudopodia 
is brought in contact with the solid surface of the substratum (PI. V 19, 
arrow), spreading occurs in this cell region (PI. V 20). Some minutes 
later all other pseudopodia not attached to the substratum are retracted 
(PI. V 21) and the endoplasm flows into the attached, extending cell 
region (PI. V 22 and 24). 

D i s c u s s i o n 

Observations carried out on specimens of Amoeba proteus which show 
fountain-like cytoplasmic streaming proved that the content of the hy-
aline cap vacuole consists of a watery fluid with a low degree of organic 
substances (c.f. also K o r o h o d a and S t o c k e m, in press). These 
observations confirm earlier suggestions of A l l e n (1961, 1962, 1973), 
who assumed that the hyaline cap in fountain-like streaming amoebae 
represents water extruded from the endoplasm. However, this water is 
surrounded by a membrane and cannot be regarded as a product of 
syneresis within the frontal zone of extending pseudopodia. 

The hyaline cap vacuole itself seems to be responsible for the appe-
arance of the typical fountain-like streaming pattern in Amoeba pro-
teus. This conclusion is in accordance with the results of experiments 
carried out by S e r a v i n (1966). This author demonstrated that the 
microsurgical removal of the cap causes renormalization of amoeboid 
locomotion. 

The occurrence of two distinct types of hyaline caps in large amoebae, 
i.e., the hyaline cap vacuole in fountain-like streaming amoebae and 
the hyaline cap composed of pure groundplasm in normally extending 
pseudopodia ( K o r o h o d a and S t o c k e m, 1975) can explain diffe-
rent misinterpretations in earlier investigation. Hence it seems to be ne-
cessary in fur ther experiments to define precisely which type of hyaline 
cap is being referred to. 

Observations on the appearance and behaviour of constriction rings 
in non-locomoting, monopodial amoebae incompletely attached to the 
substratum are consistent with result of studies carried out in other cell 
types. Similar constricting rings have been observed in cells dissociated 
from amphibian embryos ( H o l t f r e t e r 1948) and in Entamoeba hysto-
litica (K a n n o 1969). Likewise, the waves of surface foldings in loco-
moting fibroblasts start at the advancing edge of the cell and then travel 
backwards to the posterior cell region ( A m b r o s e 1963, A b e r c r o m -
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b i e et al. 1970, K o r o h o d a 1971). Constricting rings in A. proteus 
can only be observed in specimens which are not attached to the sub-
stratum. The dynamic behaviour of the constricting rings suggests that 
they result f rom contractile processes taking place near the cell mem-
brane in the subjacent layer of cortical ectoplasm, i.e., within the cell 
surface complex. 

Amoebae which are able to produce constricting rings are characte-
rized by the existence of an ectoplasmic cylinder built up of granulo-
plasm. This ectoplasmic cylinder seems to be less gelled than in normally 
locomoting cells where it is responsible for the rigidity of the pseudo-
podia. It remains to be elucidated whether in large amoebae of the 
proteus-chaos-group changes in cell shape are primarily brought about 
by contractile processes occurring within this ectoplasmic cylinder or by 
the contraction of the cell surface complex consisting of the plasma 
membrane and a very thin layer of hyaline ectoplasm (c.f. K o r o h o d a 
and S t o c k e m , 1975). The activities of the cell surface complex 
have been assumed to be responsible for changes in cell shape and for 
locomotion processes in tissue culture cells (c.f. A m b r o s e 1972, P e r -
d u e 1973, W e s s e l l s et al. 1973). As the existence of this complex 
has been neglected in discussions on the mechanisms of locomotion in 
large amoebae, its functional significance should be considered in fur ther 
investigations on this problem. 

Observations on the effect of a localized contact between the surface 
of the amoeba and the glass seems to be an additional support for the 
theorie that the properties and activities of the plasma membrane can 
control the polarization and motile activities of amoebae (B r a a t z-
S c h a d e and S t o c k e m 1972, K o r o h o d a 1972). The importance 
of electrochemical phenomena at the cell surface for the activation of 
contractile structures within the cytoplasm and for the motive force 
generation of cellular locomotion has been discussed by several investi-
gators (c.f. K o m n i c k et al. 1973). Amoebae of the chaos-proteus-
group can therefore be regarded as a suitable model to elucidate the 
physiological significance of such phenomena. 

ZUSAMENFASSUNG 

Die U m w a n d l u n g von Amoeba proteus mi t fon tänenähn l i che r Cytop lasmas t rö -
m u n g in Zellen mi t no rma le r polypodialer For tbewegungsweise ist von typischen 
V e r ä n d e r u n g e n i m Bereich der hya l inen K a p p e begleitet. Die hemisphä r i s che F o r m 
der hya l i nen K a p p e in Zellen mi t F o n t ä n e n s t r ö m u n g stellt eine Folge des Druckes 
dar , d e r v o m f l i eßenden Endop lasma auf die S t r u k t u r der K a p p e ausgeüb t wird . 
Dies k a n n aus der Beobach tung geschlossen werden , daß die hya l ine K a p p e eine 
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s p h ä r i s c h e F o r m a n n i m m t , w e n n sich die S t r ö m u n g s r i c h t u n g des C y t o p l a s m a s ä n d e r t 
u n d de r D r u c k nach läß t . Dieser B e f u n d sowie die w e i t e r e V e r f o l g u n g des Schicksa l s 
d ieser S t r u k t u r lassen d e n Sch luß zu, d a ß d ie hya l i ne K a p p e e ine a n d ie P s e u d o -
pod iensp i t ze v e r l a g e r t e u n d d u r c h den S t r ö m u n g s d r u c k des Encioplasmas a n d ieser 
Ste l le f i x i e r t e n o r m a l e cy top la sma t i sche V a k u o l e dars te l l t . 

In Zel len mi t F o n t ä n e n s t r ö m u n g k o n n t e das B e w e g u n g s v e r h a l t e n von k o n t r a k -
t i l en R ingen e n t l a n g d e r A m ö b e n - L ä n g s a c h s e a n a l y s i e r t w e r d e n . Dazu w u r d e n s i l i -
kon is ie r te G l a s o b j e k t t r ä g e r benu tz t . N a c h d iesen B e o b a c h t u n g e n s ind K o n t r a k t i o n e n 
i m E k t o p l a s m a f ü r das Z u s t a n d e k o m m e n dieser R inge v e r a n t w o r t l i c h . 

Loka le K o n t a k t s t e l l e n zwischen der Ze l lobe r f l äche von Amoeba) proteus u n d d e m 
S u b s t r a t b e w i r k e n V e r ä n d e r u n g e n i m m o r p h o l o g i s c h e n u n d bewegungsphys io lo -
g ischen Organ i sa t i onsmus te r . Diese T a t s a c h e k a n n a ls w e i t e r e r H i n w e i s d a f ü r ge l ten , 
d a ß die Z e l l m e m b r a n e e ine wich t ige Rol le bei de r S t e u e r u n g a m ö b o i d e r B e w e g u n g s -
v o r g ä n g e spielt . 
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EXPLANATION OF P L A T E S I - V 

Hya l ine caps a n d significance of contact for locomotion of A. proteus 
I - 3 : Scanning e lec t ron micrographs of f reeze-dr ied A. proteus, 1 — polypodial fo rm, 
2 — monopodia l fo rm, 3 — monopodial f o r m wi th contract i le (constricting) r ings 
(ar rows) ; 500 X 
4: Dark - f i e ld -pho tograph of A. proteus showing foun ta in - l ike s t r eaming (arrows); 
700 X 
5-10: T r a n s f o r m a t i o n of a monopodial A. proteus showing founta in- l ike s t r eaming (5) 
t o a polypodial f o r m showing polypodial locomotion (10). Note t rans locat ion a n d 
morphologica l changes of the hyal ine c a p vacuole (black ar rows) . T h e w h i t e a r r o w s 
ind ica te t h e cytoplasmic s t r eaming direct ion; 300 X 
I I - 1 4 : Morphological changes of t h e hya l ine cap vacuole dur ing renormal iza t ion 
of locomotion i n a n amoeba exhibi t ing foun ta in - l ike s t reaming. The cell m e m b r a n e 
a n d t h e m e m b r a n e of t he hyal ine cap vacuole a r e separa ted by a th in layer of 
ec toplasm (a r row-head in (14)). The a r r o w s indicate to t h e direction of endoplasmic 
s t r eaming ; 1600 X 
15-18: Dislocation of contracti le r ings (arrows a -d ) in a monopodial A. proteus 
s h o w i n g foun ta in - l i ke s t reaming on siliconized glass. T ime in te rva l be tween single 
mic rographs 15s; 500 X 
19-22: Changes in morphology of a n A. proteus k e p t i n suspension w h e n m a k i n g 
contac t a n d a t t a ch ing to the glass (arrow). The a t tached pseudopodium extends , 
t h e non-a t tdched pseudopodia a re re t rac ted ; 300 X 
23: Higher magni f i ca t ion of re t rac t ing pseudopodia ; 700 X 
24: Higher magni f ica t ion of ex tending pseudopodia ; 700 X 
Abbrev ia t ions u s e d : he — hyal ine cap vacuole; u — Uroid region. 
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N. H Ü L S M A N N , W. K O R O H O D A and W. S T O C K E M 

Reversible Disorganization of Motile Activities in Amoeba proteus 
Induced by General Anaesthetics 

Synopsis. R e s p o n s e s of Amoeba proteus t o e thano l , benzene , a n d e thy l 
e t h e r w e r e s t u d i e d by m e a n s of c i n e m a t o g r a p h i c t echn iques . T h e a m o e b a e 
r e a c t e d d i f f e r e n t l y t o e thy l e t h e r t h a n t o e t h a n o l a n d benzene . I n a 2°/o 
e t h a n o l so lu t ion t h e y s topped locomot ion, b u t c h a n g e s in t h e cell s h a p e 
a n d c u r r e n t s w i t h i n t h e g r a n u l o p l a s m con t inued . S i n c e t h e s e t w o t y p e s 
of ce l lu l a r mo t i l e ac t iv i t i e s occu r r ed i n d e p e n d e n t l y of each o ther , i t w a s 
conc luded t h a t f o r n o r m a l a m o e b o i d locomot ion t h e o rgan ized i n t e g r a -
t ion of v a r i o u s m o t i l e p rocesses in a m o e b a e is necessa ry . I n t h e e t h e r 
e thy l — n a r c o t i z e d a m o e b a e a d i f f e r e n t a t i o n of t h e g r a n u l o p l a s m in to 
t h e ec top l a smic cy l i nde r a n d t h e e n d o p l a s m d i s a p p e a r e d , w h i c h c o n f i r m s 
t h e e a r l i e r c o n c l u s i o n s of B r i n k l e y a n d D a u g h e r t y t h a t t h i s a n a -

es the t i c a lso cause s l i q u e f a c t i o n of t h e ec top l a sm. 

While studying the peripheral hyaline zones in the cytoplasm of 
Amoeba proteus the observation was made that cells treated with di-
luted ethanol solutions show great but reversible disorganization of their 
motile activities ( K o r o h o d a and S t o c k e m 1973, 1975). Recently 
it has also been demonstrated that the pattern of locomotion and the 
cell shape in Amoeba proteus are correlated with electrical properties of 
the cell membrane ( B r a a t z - S c h a d e e t a l . 1973) and that general 
anaesthetics if applied locally to the amoeba induce positive chemotactic 
responses ( K o r o h o d a 1972). As a continuation of these studies de-
tailed observations were carried out on reversible disorganization of 
motile activities in Amoeba proteus exposed to media containing general 
anaesthetics. The results of these studies and their bearing on the under-
standing of motile processes involved in amoeboid locomotion are pre-
sented in this communication. 
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M a t e r i a l a n d M e t h o d s 

Amoeba proteus of t he P r ince ton s t ra in w e r e cu l tured as descr ibed previously 
( H a b e r e y and S t o c k e m 1971). Spec imens chosen f o r observat ions w e r e washed 
in mine ra l Chalkley 's med ium. Observat ions w e r e m a d e wi th a Zeiss Pho tomik ro -
skop equipped wi th a Nomarsk i in te r fe rence cont ras t appara tus , on a m o e b a e placed 
in three-chamber-s l ices . These slices al lowed t h e observer to change m e d i u m dur ing 
t h e exper iment , avoid ing any changes in the th ickness of t h e observat ion c h a m b e r 
( H a b e r e y and S t o c k e m 1971). Responses of t he a m o e b a e w e r e recorded by 
both pho tography and on 16 m m cine-f i lms (Agfa CK 17, Agfa CT 13, I l ford P A N F 
a n d E a s t m a n Plus-X) . T h e c ine-f i lms w e r e analysed f r a m e by f r a m e on a Ly tax 
Analyser . E thano l w a s dissolved in Chalkle 's med ium. Benzene and e thyl e ther 
w e r e p re incuba ted i n closed vessels to obtain sa tura t ion . 

R e s u l t s 

Preliminary experiments were carried out to determine the effects 
of chosen general anaesthetics applied at various concentrations to speci-
mens of Amoeba proteus. Benzene and ethanol induced similar responses 
in amoebae, whereas ethyl ether caused slightly variable reactions. Since 
the concentration of ethanol was the easiest to vary, the majority of 
the observations were made with this narcotic. 

At ethanol concentrations exceeding 10°/o, the amoebae produced 
broad hyaline blisters and broke up within a few minutes. Concentrations 
ranging from 2.5 to 5% caused detachment f rom glass, a great increase 
in the hyaline peripheral ectoplasm, and the amoebae assumed the form 
of a rosette. All movements in the cytoplasm and changes in cell shape 
gradually ceased. On replacement of the medium by pure Chalkley's 
medium the amoebae resumed their normal shape and motility within 
five minutes. 

The most interesting responses of amoebae to ethanol were noticed 
at concentrations ranging from 1.5 to 2°/o. Hence this concentration was 
chosen for fur ther more detailed observations. Normal locomotion im-
mediately impaired (PI. I 1, 2). The hyaline ectoplasm first increased at 
various points along the periphery, and then numerous pseudopodia were 
produced. These pseudopodia were strongly attached to the substratum. 
They were characterized by a broad hyaline ectoplasm. Since they were 
extend randomly along all sides, the polarization of structure, cyto-
plasmic streamings, and endoplasm-ectoplasm reactions characteristic of 
locomoting amoebae disappeared. Gradually pseudopodia became f lat ter 
and the cytoplasm differentiad into three zones: external hyaline, 
central granular, and intermediate hyaline cytoplasm which contained 
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small inclusions (PI. I 5,6 and III 13, 14). As a result the amoebae flat-
tened on the surface of the underlying glass (PI. I 3-6). Though they 
did not locomote they continued motile activity. Changes in the cell 
shape (PL III 13-15) as well as endoplasmic currents were still obser-
vable. After the replacement of ethanol solution by pure Chalkley's 
medium (PI. II 7, 8) the amoebae withdrew their broad hyaline pseudo-
podia and rounded up. Then gradually numerous short pseudopodia were 
produced of which one to a few gradually became dominant (PI. II 9-11). 
Approximately two minutes after exchange of the medium the amoebae 
exhibited normal locomotion, functional polarization of structure and 
cytoplasmic streaming typical of Amoeba proteus (PI. II 12). 

The responses to ethanol were followed in detail by cine-film analysis 
technique. Special attention was paid to analysing the disappearance of 
polarization and the disruption of normal motile activities in the flat-
tened, narcotized amoebae. The analysis showed that on contact with 
ethanol, the amoebae at first increased local hyaline ectoplasm at various 
points along their surface. This was followed by a break in the structure 
of the ectoplasmic cylinder. At the beginning ectoplasmic granules ex-
hibited random dislocations and then suddenly started to stream into 
extending hyaline pseudopodia. The extension of pseudopodia was also 
proceeded by similar intermediate steps. The extension of the hyaline 
frontal part of the pseudopodia was followed by an influx of granulo-
plasm. These processes resembled the extension of pseudopodia in some 
species of small amoebae ( H u l s m a n n 1974). The flattening of amoebae 
on the glass was caused by random production of numerous pseudopodia, 
their attachment to glass, and the abnormal influx of granuloplasm into 
these pseudopodia. In such amoebae, differentiation of granuloplasm into 
the ectoplasmic cylinder and endoplasm disappeared. 

The attached flattened amoebae continued motile activities. Changes 
in the cell shape and irregular cytoplasmic currents within the granulo-
plasm were observed. These two phenomena usually took place in-
dependently of each other. Changes along the cell periphery concerned 
only the cortical hyaloplasm and, eventually, the underlying zone of 
hyaloplasm which contained the small inclusions (Fig. 1). Currents in 
this zone often did not show any correlation with changes in the shape 
of the protrusions of the cell periphery. 

The granuloplasm of the flattened amoebae possessed quiescent zones 
separating numerous small streamlets. This region of narcotized amoeba 
resembled a centrifuged Chaos chaos ( H e i l b r u n n 1958) or amoebae 
treated with ribonuclease (B r a c h e t 1956). Streamlets of granuloplasm, 
separated by layers of the stationary cytoplasm a few micron thick often 
ran in opposite directions (Fig. 2). These streamings did not usually show 
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Fig. 1. Morphological changes (arrows) of a hya l ine protrus ion in a narcot ized 
Amoeba proteus wi thout s ignif icant s t reaming processes in the g ranu lop lasm. The 

dots represent d i f fe ren t cytoplasmic inclusions t0 — t4 == 8 s 

Fig. 2. N e t w o r k of cytoplasmic s t reamle ts in an e thanol-narcot ized Amoeba proteus. 
Ras te r : hya l ine ectoplasm; b lack: s ta t ionary g ranu lop lasm; whi te : s t r eaming g ranu lo-

p lasm (arrows indicate the s t r eaming direction) 

any correlation with changes in the cell contour. If, however, a larger 
cylindrical protrusion of the hyaline layer of a pseudopodium appeared, 
the granuloplasm did invade it and streamed to it. Spontaneous re-
versions of the direction took place sporadically in the streaming granulo-
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plasm. They were sometimes accompanied by a transient jerking motion 
within the streaming granuloplasm itself. The separation of streamlets 
and stationary regions of granuloplasm was not permanent and the path-
ways of certain streams often changed. 

As already mentioned, the amoebae exposed to ethyl ether showed 
different responses. They continued to move with very broad and flat-
tened pseudopodia the number of which decreased with time of exposure. 
Finally the differentiation of granuloplasm into the ectoplasmic cylinder 
and streaming endoplasm disappeared completely (Pl. IV). The whole 
granuloplasm seemed to be disorganized and particles in the granulo-
plasm usually flowed in one direction, as the amoebae moved mono-
podially. On the cell periphery a gel-like sheet was clearly visible that 
the granuloplasm separated f rom a thin layer of hyaloplasm. Only very 
small cytoplasmic inclusions passed through this sheet into the hyalo-
plasm. At higher ethyl ether concentrations the amoebae rounded up 
and eventually broke. The effects of lower concentrations were reversible 
upon replacement with pure Chalkley's solution. 

D i s c u s s i o n 

Observations reported in this communication show that general ana-
estetics induce great changes in the motile behaviour of amoebae. These 
compounds act primarily on cell membranes ( B e r w i c k 1951, G o l d -
a c r e 1952, J o h n s o n and B a n g h a m 1969, S e e m a n et al. 1969). 
Hence the responses of amoebae may be interpreted as additional 
evidence for an important role of cell membranes in controlling cellular 
motile activities (cf. K o m n i c k et al. 1973, B r a a t z - S c h a d e et 
al. 1973). However, gradual and segmental disorganization of motile 
activities in narcotized amoebae suggests that amoeboid movement re-
quires organized integration of a variety of subcellular activities. The 
behaviour of narcotized amoebae during initial disorganization of their 
locomotion and after flattening on glass indicates that the changes in 
the cell contour which occur may be primarily a result of changes in 
the physical state and activities of the cell membrane and the electron 
dense layer of hyaloplasm subjacent to it (cf. K o r o h o d a and S t o c -
k e m 1973, 1975). The initiation of pseudopodium formation also appears 
to stem f rom phenomena which occur in the plasmalemma and hyaline 
ectoplasm and do not appear to be directly related to the streaming of 
the granuloplasm. In slightly narcotized amoebae, an influx of granulo-
plasm into extending pseudopodia always follows the events which take 
place in the outermost layers of the cell periphery. This corresponds to 
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earlier observations of S e r a v i n (1967), who found that the resump-
tion of motile activities by thermally shocked amoebae takes place gra-
dually, and changes in the cell contour precede the production of cur-
rents in the granuloplasm. Likewise H o l t f r e t e r (1948) showed that 
hyaline fragments of amphibian embryo cells continue locomotion as 
a result of activities of the cell membrane. The observations carried out 
on narcotized amoebae, in particular with ethyl ether, appear to confirm 
earlier studies of B r i n l e y (1928) and D a u g h e r t y (1937), who 
demonstrated that lipid soluble anaesthetics cause a decrease in the 
viscosity of amoebic cytoplasm. In the ethyl ether-narcotized amoebae, 
streamings of granuloplasm occur as if they resulted from a differential 
tension exerted on the endoplasm by the peripheral ectoplasm. In the 
amoebae narcotized with ethanol, however, many of the currents within 
the granuloplasm seemed to occur independent of changes in the cell 
shape. Therefore, the forces originating at the cell periphery are probably 
not solely responsible for cytoplasmic streaming. The forces which pro-
duce multistriated streamings instead appeared to originate in the gra-
nuloplasma itself upon its differentiation into streaming and stationary 
regions. Nevertheless, it is impossible at present to decide whether the 
observed multistriated streamings are brought about by traction mecha-
nisms, as suggested by A l l e n for endoplasmic streaming in locomoting 
amoebae ( A l l e n 1961, 1973), or by hydrostatic pressure mechanisms 
due to contraction of stationary, presumably more gelled regions of 
granuloplasm ( H e i l b r u n n 1958). In centrifuged amoebae H e i 1-
b r u n n has postulated that the streams may be surrounded by their 
own "cortex" of gelled cytoplasm. This observation corresponds to f ind-
ings on other amoeba species ( A b e 1962, H a b e r e y und H ii 1 s-
m a n n 1973). 

The present study as well as observations reported earlier (R e i n o 1 d 
and S t o c k e m 1972, B r a a t z - S c h a d e et al. 1973, S t o c k e m 
1972, K o r o h o d a 1972, K o r o h o d a and S t o c k e m 1973, 1975) 
have demonstrated that a locomoting amoeba represents a system in 
which a variety of subcellular structures contribute to locomotive acti-
vities and only their organized integration can bring about cell locomo-
tion. Under experimental conditions such integration may be disturbed 
and various motile activities may be separated from one another. Signi-
ficant factors already shown to be involved in the control of functional 
organization of locomoting amoebae are the functions of the cell mem-
brane and its glycocalyx (K o m n i c k et al. 1973, B r a a t z - S c h a d e 
et al. 1973, K o r o h o d a 1972), calcium pumping vacuoles (Re i n o l d 
and S t o c k e m 1972) and nuclei ( W i l l i s 1916, L o r c h and D a -
n i e l l i 1950, J e o n 1968). Therefore the phenomenon of amoeboid 
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locomotion should not be reduced solely to molecular mechanisms of 
mechanochemical processes in actomyosin-like proteins or only to the 
mobility and contractility of the groundpiasm. 
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ZUSAMMENFASSUNG 

Die Reakt ion von Amoeba proteus auf die B e h a n d l u n g m i t Äthanol , Benzol und 
Äthy lä the r w u r d e k inematograph i sch un te r such t . Der E in f luß von Äthy lä the r e iner -
seits und Äthano l sowie Benzol andererse i t s e rwies sich dabe i als unterschiedl ich. 
So s tel l ten die Zellen in den Benzol- und Äthano l -Lösungen zwar die For tbewegung 
ein, zeigten aber we i t e rh in no rma le Ges t a l t sve rände rungen und ak t ive Protoplas-
mas t römung . Aus der Tatsache, daß beide P h ä n o m e n e u n a b h ä n g i n g von e inander 
a u f t r a t e n , w u r d e der Schluß gezogen, daß eine n o r m a l e amöboide Bewegung n u r 
d a n n zus tande kommt , w e n n alle h i e r f ü r ve ran twor t l i chen Teilprozesse s innvoll 
koordinier t sind. 

In den mi t Ä thy l ä the r behande l t en Zellen v e r s c h w a n d die sonst vo rhandene 
Organisa t ion des Cytoplasmas in ein hyal ines Ek top lasma u n d ein g r anu l ä r e s 
Endoplasma. Diese Ta t sache bestä t ig t die V e r m u t u n g ande re r Autoren , nach denen 
dieses A n ä s t h e t i k u m die Verf lüss igung des Ektop lasmas bewi rken soll. 
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EXPLANATION OF P L A T E S I - IV 

P l a t e I (1-6): Disorganizat ion and f l a t t en ing of Amoeba proteus a f t e r t r e a t m e n t 
w i t h 2% e thano l : 1 — specimen showing norma l locomotion, 2 — t h e s a m e a m o e b a 
30 s a f t e r incuba t ion in the ethanol solution. The fol lowing p ic tures d e m o n s t r a t e 
t h e g radua l ly sp read ing on glass (3-6). P ic tures t aken a t 6 0 s in tervals . Magn i f i ca -
tion 150 X 
P l a t e II (7-12): Reorganizat ion of no rma l locomotion a f t e r r e m o v a l of e thanol . 
7, 8 — a m o e b a in 2 % ethanol, 9-12 subsequen t stages in reorganiza t ion of n o r m a l 
locomotion a f t e r changing the e thanol solution against Chalkley 's med ium. P i c tu re s 
t a k e n a t 60 s in tervals . Magnif ica t ion: 150 X 
P l a t e III (13-45): Higher magnif ica t ions (1100 X) of t he pe r iphe ra l regions in a n a r -
cotized Amoeba proteus. The sequence of p ic tures demons t ra tes morphological c h a n -
ges in cell s h a p e w i th in 20 min wh ich a re character ized by a n increase i n the 
degree of t he cell sur face folding. 
P l a t e IV (16): Amoeba proteus narcot ized wi th e thyl e ther . Note t h e lack of d i f f e -
r en ta t ion of g ranu lop lasm into the ectoplasmic cyl inder and g r a n u l a r endoplasm. 
(Single f r a m e magni f ica t ion f r o m a 16 m m cine fi lm). Magnif ica t ion ca. 500 X 
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Synopsis. By app l i ca t ion of t h e so lu t ions of b e n z a m i d e or r u t h e n i u m red 
a n d po ly lys ine on to t h e p r o t o p l a s m i c d rops of P l a smod ia Physarum poly-
cephalum i t w a s poss ib le to i n d u c e t h e i r r e l a x a t i o n a n d con t r ac t i on res -
pec t ive ly . T h e e f f ec t s of these processes on s t r u c t u r e of cy top l a smic 
f i b r i l s w e r e fo l l owed w i t h e l ec t ron microscopy . I t w a s f o u n d t h a t b o t h 
r e l a x a t i o n a n d s t r o n g con t r ac t i on cause des t ruc t ion of t h e f ibr i l s . On 
r e l a x a t i o n t h e f i l a m e n t s a r e s e p a r a t e d a n d t h e n d i spe r sed in t h e g r o u n d -
p l a s m w h e r e a s on s t rong con t r ac t i on t h e f ib r i l s c l eave in to nodes in 
w h i c h t h e p a r a l l e l a r r a n g e m e n t of f i l a m e n t s d i s appea r s . T h e changes in 
f ib r i l s t r u c t u r e a r e discussed in r e l a t i on to t h e processes of cy toge l - cy to -
sol convers ions . 

In the last decade the presence of contractile proteins has been 
demonstrated in a variety of motile cells (I s h i k a w a et al. 1969, P o l -
l a r d 1973, T a t s u m i et al. 1973). In these cells the contractile pro-
teins are distributed throughout the entire cytoplasm. They are not 
organized into permanent and elaborate structures that would correspond 
to parallel arranged thin and thick filaments in the sarcomeres of striated 
muscles. Instead, usually only thin cytoplasmic filaments which represent 
F-actin can be detected with electron microscopical methods (W e i s s e n-
f e l s and S c h a f e r - D a n n e l 1970, W e s s e l s et al. 1973, P e r -
d u e 1973, C o m l y 1973). A higher organized form are the cytoplasmic 
fibrils built of bundles of parallel aggregated actin filaments of 60-80 A 
in diameter, in plasmodia of slime moulds ( W o h l f a r t h - B o t t e r - ^ 
m a n n 1962, 1963, 1964, N a g a i and K a m i y a 1966, R h e a 1966, 

1 P r e s e n t a d d r e s s : I n s t i t u t e of Mo lecu l a r Biology, J a g i e l l o n i a n Unive r s i ty , K r a -
kow, P o l a n d . 
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K o m n i c k et al. 1970, 1973). These fibrils can attain a light micro-
scopic order of magnitude. It has been found that they represent 
a transient differentiation of the groundplasm and appear in the ecto-
plasm in the regions of plasmodia' in which contraction can be assumed. 
In the flowing endoplasm and in the regions into which the endoplasm 
flows they are absent or occur in a very small number. The fine struc-
ture of the fibrils and the time sequence of their formation have been 
extensively studied in the drops of protoplasm formed af ter puncture 
of plasmodial threads with a needle (W o h l f a r t h - B o t t e r m a n n 
1964, K o m n i c k et al. 1973). 

Since the fibrils occur only in the gelled ectoplasm and disappear on 
its transformation into the streaming endoplasm, one can expect that 
their formation and degradation are associated with ecto-endoplasm or 
cytogel-cytosol conversion. G o l d a c r e and L o r c h (1950) suggested 
that liquefaction of cytogel is a consequence of strong contraction, 
whereas other authors postulated that it stems from relaxation (P o 1-
l a r d and I t o 1970). According to theoretical considerations of L a n -
d a u (1959), both contraction and relaxation can lead to conversion of 
cytogel into cytosol. The experiments presented below were carried out 
to examine what are the effects of strong contraction and relaxation of 
cytogel on the fine structure of cytoplasmic fibrils in the plasmodia of 
Physarum polycephalum. 

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

T h e p lasmodia of Physarum polycephalum cul tured according to C a m p s 
me thod (1936) w e r e used for t he exper iments . P r e l i m i n a r y e x p e r i m e n t s w e r e car r ied 
out on t h e p lasmodia migra t ing on the s u r f a c e of 1.5% a g a r in P e t r i dishes. Fo r 
m o r e detai led s tudy drops of p lasmodia l p ro top lasm p repa red a s descr ibed pre -
viously (W o h l f a r t h - B o t t e r m a n n 1962, 1964) w e r e used. 

To s t imula te re laxa t ion of the pro toplasmic drops the solut ion of 20 m M ben-
zamide in 15 m M p h o s p h a t e b u f f e r (pH 7.0) w a s appl ied onto t h e drops. Cont rac t ion 
of t h e drops w a s induced by appl icat ion of 5 mg polylysine dissolved in 10 ml 
Ringer m e d i u m a n d bu f f e r ed to p H 6.5 wi th TRIS b u f f e r or 10 m g r u t h e n i u m red 
pe r 100 ml of t h e s a m e basic med ium. The control observa t ions w e r e car r ied out on 
t h e d rops embedded in phospha te b u f f e r or Ringer m e d i u m w i t h o u t benzamide , 
polylysine or r u t h e n i u m red. 

The 10 min old drops of p lasmodia l p ro top lasm w e r e t r ea ted w i t h the above 
men t ioned solut ions for 1, 3 and 5 min respectively. Then t h e d rops w e r e f ixed 
according to P a r d u c z (1952) wi th 2°/o 0 s 0 4 + 0.5°/o HgCl2 (pH 6.5). T h e f ixed 
drops w e r e embedded in s ty ro l -methacry la te ( K u s h i d a 1961). U l t r a th in sect ions 
m a d e wi th a n Ul t r a tome III L K B w e r e observed and photographed w i t h t h e elec-
t ron microscope Phi l ips EM 200. 
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R e s u l t s 

It has been reported that benzamide, an anaesthetic, when applied 
locally to plasmodial threads in calcium-free media causes their local 
relaxation as judged from observations of endoplasmic flow, electric 
activity of the plasmodia ( K o r o h o d a et al. 1969), and measurements 
of forces responsible for the endoplasmic streaming (L a y r a n d et al. 
1972). Various species and strains of slime moulds differ, however, in 
their sensitivity to this drug. Physarum nudum reacts to 5 mM solutions 
of benzamide whereas particular strains of Physarum polycephalum 
respond to its concentrations of 20 to 100 mM (Dr Carlile, personal com-
munication). The strain of Physarum polycephalum cultured in this 
laboratory shows a rather low sensitivity and reacts with some delay 
only to benzamide solutions at a concentration above 50 mM. We ex-
pected that the differences in sensitivity to benzamide stem from varying 
consistency and thickness of the slime coating the plasmodial threads. 
Hence, solutions with different concentrations of benzamide were applied 
to the drops of plasmodial protoplasm formed after puncture of the 
threads with a needle. Such drops regenerated the plasma membrane 
within a few seconds but did not have so thick a slime coat as did the 
threads ( W o h l f a r t h - B o t t e r m a n n and S t o c k e m 1970). It 
was found that on application of 20 mM benzamide solution to the drops, 
within two minutes the protoplasm began to flow into them without 
reversals, like in more sensitive species of slime moulds. Since the forma-
tion and fine structure of the cytoplasmic fibrils in such drops had been 
studied earlier in detail and timed ( W o h l f a r t h - B o t t e r m a n n 
1962, 1963, 1964), they were used for fur ther investigations. 

In objects other than slime moulds it was observed that some poly-
cationic compounds depolarizing plasma membrane stimulate contraction 
of ectoplasm ( L i n g 1962, G i n g e l l and P a 1 m e r 1968, G i n g e l l 
1970). In our preliminary experiments it was found that application of 
polylysine or ruthenium red in calcium containing media to plasmodia 
of Physarum polycephalum induced rapid outflow of the cytoplasm from 
the treated region, the solution of ruthenium red being more effective 
of the two. The protoplasmic drops treated with these solutions reacted 
by rapid and strong shrinkage. Thus, the preliminary light microscope 
observations confirmed that by treatment of the isolated drops of plas-
modial protoplasm with the solutions of benzamide or ruthenium red and 
polylysine one can stimulate their relaxation or contraction respectively. 
This offered an opportunity to follow the effects of these processes on 
the fine structure of cytoplasmic fibrils. 

In untreated drops, the fibrils appear in the cortical ectoplasm 3-5 min 

8 — Acta Protozool . 15/2 
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after the drop formation and later persist, increasing in size and number 
(cf. W o h l f a r t h - B o t t e r m a n n 1964). The morphology of the fibrils 
in the 10 min old control drops treated for 5 min with 15 mM phosphate 
buffer before fixation is shown in PL I A. Identical morphology was 
exhibited by the fibrils in the drops treated with Ringer medium, i.e., 
the basic solution used to dissolve in it active compounds had no 
visible effect on the structure of the fibrils in the cytoplasm of Physarum 
polycephalum. 

When 10 min old drops which had a great number of fibrils were treated 
before fixation for 5 min with 20 mM benzamide, their cytoplasm was 
almost entirely free of fibrils. Only sporadically some remnants of the 
fibrils could be found in the cytoplasm. Though their filaments seemed to 
retain their normal length the remnants of fibrils were much thinner. They 
were built of few loosely aggregated filaments (PL I D). Superficial layers 
of the drop ectoplasm showed a loose structure and the plasma membrane 
was smooth (PI. I l l A). To follow in more detail the degradation of fibrils 
the 10 min old drops were fixed af ter 1 and 3 min of benzamide action. 
Plates I B and C show that the progressive fibril degradation occurred 
by longitudinal separation of actomyosin filaments followed by their 
dispersion in the groundplasm. 

The 10 min old drops treated for 3 min with shrinkage inducing solu-
tions of ruthenium red and benzamide showed also great changes in the 
structure of their cytoplasm. The cortical cytoplasm had a very dense 
structure. In the drops treated with poly lysine (PI. I l l C) the plasma mem-
brane was very corrugated, whereas in those treated with ruthenium red 
(PI. Ill B) the plasma membrane produced numerous blebs and protrusions, 
which suggest its partial destabilization. Through the material which origi-
nally built the cytoplasmic fibrils could be easily identified, the structure 
of the fibrils was strongly altered. The parallel arrangement of the fila-
ments completely disappeared. The processes of fibril transformation could 
be observed in the drops fixed 1 and 3 min of treatment with the drugs. 
The fibrils seemed to be broken and the material which built the filaments 
was concentrated in nodes (PI. II A-C). In these remnants of the fibrils 
the parralel arrangement of the filaments had been abolished. 

In order to examine whether the shrinkage of the drops induced by 
ruthenium red can stimulate formation of the fibrils, 0 and 1 min old, i.e., 
f ibril-free drops were treated. Though a rapid shrinkage of these drops 
could be observed with light-microscope, the electron microscope showed 
a condensation of the groundplasm, but fibrils were absent. The same was 
observed when 10 min old drops were treated before fixation for 5 min 
with benzamide and then for 3 min with ruthenium red. 

http://rcin.org.pl



RELAXATION A N D CONTRACTION OF PHYSARUM 199 

D i s c u s s i o n 

It has been demonstrated in the previous experiments made in this 
laboratory that there exists a correlation between the localization of con-
traction in the ectoplasmic gel of slime mould plasmodia and the occurren-
ce of fibrils built of actomyosin filaments (cf. for review K o m n i c k et 
al. 1973). However, recently D ' H a e s e and K o m n i c k (1972) have 
shown that parallel arrangement of actomyosin filaments is not necessary 
for contraction of thread-models of contractile proteins isolated from 
rabbit striated muscle. Parallel alignment of filaments only assures a hig-
her speed of contraction and determines its direction. Therefore, the pre-
sence of the cytoplasmic fibrils cannot be considered as the only evidence 
for localization and the only way of cytoplasmic contraction. This was 
confirmed by the observation that contraction of protoplasmic drops 
without fibrils (O'age) induced by ruthenium red and polylysine did not 
induce formation of fibrils but only condensation of the groundplasm. 

The results presented show that the fibril degradation may occur 
during strong contraction as well as during relaxation of the ectoplasm. 
During relaxation the fibrils disappear due to parallel separation of 
actomyosin filaments followed by their dispersion in the groundplasm. On 
the other hand, during contraction the components of the fibril material 
do not disperse but the fibrils cleave into nodes in which the parallel 
arrangement of the filaments is destroyed. The same phenomena could 
be observed during the contraction of glycerinated protoplasmic drops 
( A c h t e r a t h 1969). If one accepts that the fibril destruction represents 
some step in liquefaction of cytoplasmic gel, then the results may be 
interpreted as confirming the conclusions of L a n d a u (1959). He sug-
gested that the structure of cytoplasmic gel can be destroyed on its strong 
contraction (cf. also G o l d a c r e and L o r c h 1950) but also on its re-
laxation. However, the interpretation, that the dispersion of the fibrils 
and the loss of parallel arrangement of F-actin filaments during strong 
contraction represents a transformation characteristic for isotonically 
contracted fibrils seems to be more probable. In combined tensiometrical 
and morphological investigations, F l e i s c h e r and W o h l f a r t h-B o t -
t e r m a n n (1975) revealed that isometrically contracted fibrils which 
were allowed to contract isotonically for only 5 s loose the parallel arran-
gement of F-actin. The results of these authors are in favour of the thesis, 
that the isotonically contracted stage of cytoplasmic actomyosin is non-
fibrillar. Our results shown in Pl. II can be interpreted on the same 
way: the fibrillar form of the cytoplasmic actomyosin was lost during 
a strong, experimentally induced contraction. 
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To stimulate contraction we used solutions of compounds whose mo-
lecules are strongly positively charged at physiological pH. It has been 
demonstrated that such compounds depolarize plasma membranes and 
induce rapid contraction of ectoplasm before they penetrate the membra-
ne ( G i n g e l l and P a l m e r 1968, G i n g e l l 1970). Benzamide can also 
be supposed to act primarily on the plasma membrane ( K o r o h o d a 
et al. 1969), similarly as other lipid soluble anaesthetics which were shown 
to induce positive chemotactic responses in amoebae ( K o r o h o d a 1972) 
and degradation of microtubules in Actinosphaerium nucleofilum (A 11 i-
s o n et al. 1972). Hence, the reported results support the suggestions 
( W o l p e r t and G i n g e l 1968, B r a a t z - S c h a d e et al. 1973, K o r o -
h o d a et al. 1970) that changes in the plasma membrane may initiate 
a chain of events which leads to modification of physicochemical condi-
tions in the cytoplasm, causing in consequence changes in its contractile 
activity and fine structure. 
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Z U S A M M E N F A S S U N G 

Durch E i n w i r k u n g von Benzamid- oder von R u t h e n i u m - R o t - u n d Polylys in-
Lösungen auf P ro top la sma t rop fen der P l a smod ien von Physarum polycephalum 
w a r es möglich, Re laxa t ionszus tände bzw. Kon t r ak t i onszus t ände des Cytop lasmas zu 
erzeugen. Die A u s w i r k u n g e n dieses exper imen te l l en Einf lusses auf d i e cy top lasma-
t i schen Actomyosinf ibr i l len w u r d e e lek t ronenmikroskopisch un te r such t . Es zeigte 
sich, daß sowohl e i n e s t a rke E r s c h l a f f u n g a l s a u c h e ine s t a rke K o n t r a k t i o n zu e i n e m 
A b b a u der Fibr i l len f ü h r t . Bei E r s c h l a f f u n g locker t sich die P a r a l l e l a n o r d n u n g der 
f i l amentösen Baus te ine auf , die d a n n i m G r u n d p l a s m a dispergier t w e r d e n ; bei s t a r -
ke r Kon t r ak t i on verd ich ten sich die F ib r i l l en kno tenförmig , wobe i ebenfa l l s die 
Pa ra l l e l ano rdnung der F i l amen te au fgegeben wird . Die V e r ä n d e r u n g e n der F ib r i l l en -
f e i n s t r u k t u r w e r d e n in Bezug auf das P h ä n o m e n der P l a smage l -P l a smaso l -T rans fo r -
mat ion diskut ier t . 
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EXPLANATION OF P L A T E S I - I I I 

PI I : Ef fec t s of benzamide on cytoplasmic f ibr i l s in 10 min old drops of p ro top lasm 
of Physarum polycephalum. Before f ixa t ion the drops w e r e t r ea t ed w i t h : A — 
15 m M p h o s p h a t e buffer , pH 7.0 for 5 min (control). B — 20 m M b e n z a m i d e in 
15 m M phospha te buf fer , pH 7.0, for 1 min, C —I as "B" but t r e a t m e n t 3 min , 
D — a s a b o v e b u t fo r 5 min. Note a g radua l decrease in the f ibr i l th ickness and 
separa t ion of p l a sma f i laments along the f ibr i l fo l lowed by the i r d ispers ion in t h e 
g roundp lasm. Pa rducz fixation, styrol me thac ry la t e embedding, magn i f i ca t ion : A — 
12 500 X, B, C, D. — 10 400 X 
PI. I I : E f fec t s of polycations inducing sh r inkage of t h e drops of p lasmodia l pro-
top lasm on t h e f ine s t ruc ture of the fibri ls . A — d i s tu rbance in para l le l a r r a n g e m e n t 
of f i l a m e n t s in t h e f ibr i l of 10 min old d rop t r ea t ed for 1 min w i t h r u t h e n i u m 
red dissolved in Ringer med ium (pH 6.5), B — f u r t h e r step in t h e f ib r i l des t ruc t ion 
on t r e a t m e n t f o r 3 min with ru then ium red, C — d is tu rbance in t h e f ibr i l s t ruc-
t u r e caused by t r e a t m e n t of the 10 min old d rop fo r 3 m i n w i t h polylysine. No te an 
accumula t ion of f ibr i l components in nodes a n d destruct ion in f ibr i l s t ruc ture . 
Fixat ion, embedd ing as in PI. I. Magnif ica t ion: A, B — 10 400 X, C — 12 500 X 
PI. III . E f fec t s of re laxat ion and contract ion inducing solutions on t h e morphology 
of cort ical cytoplasm in the 10 min old drops of p lasmodia l protoplasm. P r i o r to 
f i xa t i on t h e drops w e r e t reated wi th benzamide for 5 min (A), r u t h e n i u m red (B), 
a n d polylysine (C) for 3 min. Note changes in t h e densi ty of ec toplasm and in t h e 
degree of m e m b r a n e folding. Fixat ion and embedd ing as in PI. I. Magnif ica t ion 
10 400 X 
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M i t s u o N O H M I and K a t s u h i s a T A W A D A 

A Study of Chemotaxis in Amoeba proteus 
I. An Agar Gel Chamber Method for Measuring Quantitatively 

Chemotaxis in Amoeba proteus 

Synopsis. A n e w a p p a r a t u s by w h i c h Chemotaxis in A. proteus c a n b e 
q u a n t i t a t i v e l y ana lyzed is descr ibed . T h i s a p p a r a t u s is m a d e of 2 % a g a r 
gel a n d h a s t h r e e s e p a r a t e pools (test pool , a m o e b a pool a n d r e f e r e n c e 
pool). T h e dens i t y of a m o e b a e su i t ab le fo r m e a s u r i n g Chemotaxis w a s 
a b o u t 4 a m o e b a e / m m 2 . C y t o c h r o m e c, w h i c h can i n d u c e f o o d c u p f o r m a -
t ion, does no t s h o w c h e m o t a c t i c ac t iv i ty . T h e loss of chemotac t i c ac t iv i ty 
of a n a t t r a c t a n t f r o m Tetrahymena by t r y p s i n t r e a t m e n t h a s b e e n a l s o 
c o n f i r m e d . 

A capillary tube technique has often been used for studying Chemo-
taxis ( P f e f f e r 1888, H a r r i s 1961). This technique, although invaluab-
le for quantitative analyses of Chemotaxis in small organisms such as 
bacteria ( A d l e r 1973), is not applicable to amoebae because of their 
large size and slow movement. We have devised an agar gel chamber 
which permits quantitative studies of Chemotaxis in Amoeba proteus. 
This paper describes the experimental conditions suitable for using the 
agar gel chamber. 

v 

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

A m o e b a c u l t u r e s : L a r g e n u m b e r of Amoeba proteus w e r e c u l t u r e d a t 20°C 
in P r e s c o t t a n d J a m e s m e d i u m (pH 6.0-6.3) con ta in ing 6 m g of KCl , 4 m g of 
C a H P 0 4 , 2 m g of M g S 0 4 in 1000 m l of dis t i l led w a t e r , (method of G r i f f i n 
1960) a n d fed on Tetrahymena pyriformis. A m o e b a e w e r e s t a rved f o r t w o days a n d 
w a s h e d a t l ea s t t h r e e t i m e s b e f o r e use t o e l i m i n a t e c o n t a m i n a n t s . 
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C o n s t r u c t i o n o f t h e a g a r g e l c h a m b e r a n d m e a s u r e m e n t o f 
c h e m o t a x i s : Ini t ial ly, the agar gel c h a m b e r was prepared f r o m Difco Bacto-
Agar, wh ich w a s washed wi th deionized distil led w a t e r according to the method 
of K o n i j n and R a p e r (1961). Due to the lengthy wash ings requi red by th is 
technique, w e subsequen t ly used Difco Special Agar-Noble. As wil l be shown, no 
apprec iab le d i f f e rences in the t ime course of chemotaxis have been found be tween 
these t w o agars. 

T h e agar gel c h a m b e r was made by pour ing mol ten agar [usually 2°/o (w/v) 
in Prescot t a n d J a m e s medium] into a f r a m e m a d e of po lymethacry la te resin. T h e 
agar chamber consists of th ree pools par t i t ioned by t w o thin wal l s (Fig. 1). A so-

ld mm 

A B 

«- 1 mm -j 

C 
*-

2% agar 

Fig. 1. Aga r gel c h a m b e r for measur ing chemotaxis . A is the pool fo r a test m e d i u m 
a n d C, f o r a re fe rence medium. B is t h e pool for amoebae 

lut ion (0.8 ml) con ta in ing a test subs tance w a s p ipet ted into one of the t w o side 
pools (subsequent ly r e f e r r ed to as t he test pool) and a re fe rence solut ion (0.8 ml) 
in to t h e other s ide pool ( reference pool). A n amoeba suspension (3 ml) w a s t r a n s -
fe r red in to t h e midd le pool. At t en m i n u t e in te rva l s fol lowing the ini t ia t ion of 
c rawl ing movemen t s on the bot tom of the midd le pool, the n u m b e r of amoebae 
on the wa l l of t h e midd le pool a d j a c e n t to t h e test pool, and on the o ther wal l 
a d j a c e n t to the r e fe rence pool were counted at room tempera ture . A low-magni f i ca -
tion microscope (X 6.3) w a s used for counting cells on the walls. 

O t h e r m e t h o d s : As test substances, w e used the proteinic a t t r ac t an t ex t rac ted 
f r o m Tetrahymena pyriformis (N o h m i and T a w a d a 1974) (this p ro te in is 
r e f e r r ed to a s T-prote in) , cytochrome c pur i f i ed f r o m horse h e a r t (purchased f r o m 
Boehr inger Mannhe im, M a n n h e i m and Sigma Chemical Co., St. Louis, Mo), t ryps in i -
zed T-prote in , each of wh ich was dissolved in Prescot t and J a m e s medium, and 
as a reference , P resco t t and James med ium was used. 

Trypsin iza t ion of T-pro te in w a s carr ied ou t as described earl ier ( N o h m i 
and T a w a d a 1974). 
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R e s u l t s 

An example of chemotaxis in A. proteus measured by the agar gel 
chamber is shown in Fig. 2. For this experiment, the chamber was made 
of 2°/o agar (washed Difco Bacto-Agar) and T-protein was used as the 

5 

X 

I 3 

DC 
1 

300 

« 200 

o 

100 

0 

Fig. 2. T ime course of chemotaxis . Fig. 2 is t he t i m e course in a 2°/o agar gel 
chamber . The n u m b e r of a m o e b a e on t h e wal l of pool B, a d j a c e n t t o pool A is 
indicated by the symbol (O) a n d the n u m b e r of a m o e b a e on the wal l a d j a c e n t to 
pool C indicated by t h e symbol (x) and these w e r e plot ted on the ord ina te as 
a f u n c t i o n of t ime. T h e ratio, indicated by t h e symbol ( • ) , w a s calculated by 
d iv id ing t h e f o r m e r n u m b e r by the la t ter , and is p lo t ted on the o rd ina te as 

a f u n c t i o n of t ime. The tes t pool conta ined T-pro te in 

attractant. The number of amoebae on the wall adjacent to the test pool 
increased more rapidly than that on the other side wall, furthermore, in 
the former, the number leveled off af ter 180 min while the latter conti-
nued to increase. The ratio of amoebae on the wall adjacent to the test 
pool to those adjacent to the reference pool reached a maximum at 
120 min, and then decreased. Similar results were obtained when Difco 
Special Agar-Noble was used instead of the washed agar. 

When both the test pool and the reference pool contained Prescott 
and James medium, the number of amoebae on the two side walls was 
the same, and the ratio of the cells was always unity (Fig. 3). 

E f f e c t of a g a r c o n c e n t r a t i o n o n c h e m o t a x i s: A or 3% 
agar chamber produced the same time course of chemotaxis as obtained 

/ 
V . 

W 

o-°-o 
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206 M. NOHMI A N D K. TAW A D A 

Fig. 3. T ime course of chemotaxis w h e n pools A nad C conta ined Presco t t and 
J a m e s m e d i u m 

for the 2°/o agar chamber. However, a (l°/o) agar chamber was too soft 
to support the weight of amoebae, and the walls were not rigid enough 
to remain vertical. Therefore, 2°/o agar Difco Special Agar-Nogle cham-
bers were used in the following experiments. 

D e p e n d e n c e of t h e t i m e c o u r s e of c h e m a t a x i s o n 
a m o e b a c e l l d e n s i t y : Chemotaxis was measured at various den-
sities of amoebae in the middle pool of the agar chamber. The results 
are shown in Fig. 4a for 1.6 amoebae/mm2, Fig. 4b for 3.6 amoebae/mm2, 
and Fig. 4c for 7.4 amoebae/mm2. The maximum ratio of amoebae on 
the two side walls was density dependent. The smaller the density, the 
greater the ratio. At a density of less than 1.6 amoebae/mm2 the number 
of amoebae on the walls was small and consequently statistical errors in 
the calculated ratios were large. At densities greater more than 7.4 amoe-
bae/mm2 the ratio was not greater than 2 within 3h. Thus a density of 
about 4 amoebae/mm2 was most suitable for experimental study. 

E f f e c t o f t h e c o n c e n t r a t i o n of a t t r a c t a n t o n c h e -
m o t a x i s : Chemotaxis was measured two different concentrations of 
T-protein: 0.06 and 0.02 mg/ml (estimated from the standard curve for 
bovine serum albumin). In each case (Figs. 5a and b), the number of 
amoebae that migrated toward the test pool was greater than the number 
of amoebae that migrated toward the reference pool within 1 h af ter the 
beginning of the experiment. When the concentration of attractant was 
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5 

x 
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Fig. 4. Dependence of t he t i m e course of Chemotaxis on t h e densi ty of amoebae . 
T i m e course of Chemotaxis a t a cell densi ty of 1.6 a m o e b a e / m m 2 is s h o w n in Fig. 

4 a, a t 3.6 amoebae /mm 2 in Fig. 4 b and at 7.4 a m o e b a e / m m 2 in Fig. 4 c 

5 

X 

iL 3 
o 

300 
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a> 
O 

100 

60 120 min ~ SO 120 min 
Fig. 5. Ef fec t of a t t r a c t an t concent ra t ion on a m o e b a chemotaxis . Fig. 5 a is t he 
t i m e course of chemotax i s w h e n the concent ra t ion of T -p ro t e in w a s 0.06 mg/ml 

and Fig. 5 b is the t ime course w h e n the concent ra t ion w a s 0.02 mg/ml 

0 .06 m g / m l , h o w e v e r , t h e a m o e b a m o v e d m u c h f a s t e r t o t h e t e s t p o o l 
t h a n w h e n t h e c o n c e n t r a t i o n w a s 0 . 0 2 m g / m l . A t a p r o t e i n c o n c e n t r a t i o n 
of 0 .02 m g / m l , t h e r a t i o of a m o e b a e o n t h e t w o w a l l s l e v e l e d o f f w i t h i n 
1 h . A t a c o n c e n t r a t i o n of 0 .06 m g / m l , h o w e v e r , t h e r a t i o c o n t i n u e d t o 
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increase for 2.5 h. Note that the time courses of the cell number-increase 
on the reference wall in Figs. 5a and b were very similar. This means 
that attractant in the test pool does not affect the behavior of amoeba 
near the reference pool. 

C y t o c h r o m e c a s a s u b s t a n c e i n d u c i n g f o o d c u p f o r -
m a t i o n : S e r a v i n (1968) reported that many chemicals, including 
cytochrome c induced foodcup formation of amoeba. He used a fine glass 
capillary (inside diameter of 10-30 |xm) filled with 2°/o (20 mg/ml) cyto-
chrome c to test the effect of the chemical. All the chemicals that induce 
foodcup formation might not be attractants in A. proteus. Therefore we 
first tested whether cytochrome c could be an attractant for chemotaxis. 
When cytochrome c of 10 mg/ml was put into the test pool, the shape 
of the amoeba became round as it approached the wall adjacent to the 
test pool. Subsequent movement of such rounded amoebae ceased and 
the number of amoebae on this wall was smaller than that beside the 
reference pool. When cytochrome c of 1 mg/ml was put into the test pool, 
amoebae on the wall adjacent to the test pool did not become round but 
amoebae on this wall were at all times the same as those on the other 
wall (Fig. 6). In both cases, diffusion of the coloured cytochrome c through 
the thin wall into the middle pool was visible. Likewise, we observed 
that amoebae did not migrate towards capillaries (inside diameter 
2 0 0 - 5 0 0 |im) filled with 1.5°/o agar containing cytochrome c of 0.5, 1 or 
10 mg/ml. 

5 

X 

1 3 
o 
rt 

300 

t/1 „ _ 
- 200 
a> 
a 

100 

0 60 120 min 

Fig. 6. No chemotact ic effect of cytochrome c (1 mg/ml) in the agar gel c h a m b e r 

120 min 
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L o s s o f c h e m o t a c t i c a c t i v i t y o f T-p r o t e i n b y t r y p -
s i n i z a t i o n : Chemotactic activity of T-protein was lost following 
trypsin treatment ( N o h m i and T a w a d a 1974). This was confirmed 
also by the agar gel chamber method (Fig. 7). 

£ 3 
o 

300 

2 200 
4> 
o 

100 

0 60 120 min 

Fig. 7. Loss of chemotact ic act ivi ty of a t t r a c t a n t t r ea t ed w i t h t ryps in 

D i s c u s s i o n 

In the experiments shown in Fig. 4c, the ratio of cell numbers was 
greater than 1.5 but did not exceed 2. At lower densities of amoebae, the 
ratio was greater than 2 as shown in Figs. 4a and b. In the three expe-
riments of Figs. 4a, b and c, the protein concentration of the attractant 
in pool A was identical and the chemotactic effect of the attractant was 
apparent. Hence, in general we can safely consider that a test substance 
has chemotactic activity when the ratio of cells on the wall adjacent to 
the test pool to those adjacent to the reference pool is greater than 1.5. 

The time course of cell-number increase on the walls was not depen-
dent upon the agar concentration (ranging from 1 to 3°/o of the chamber). 
This might indicate that the time of diffusion of the attractant through 
the thin wall f rom pool A to pool B is hardly a rate-limiting factor on 
the accumulation of amoebae on the walls. 

A cell density of about 4 amoebae/mm2 is also suitable for rapid coun-
ting with small statistical errors. 
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The shape of amoebae became round as they migrated towards a pool 
containing a concentrated solution of cytochrome c. Since amoebae also 
take round shapes when suspended in a concentrated solution of cytochro-
me c, this means that cytochrome c probably diffuses into the middle 
pool of the chamber. Diffusion of cytochrome c into the middle pool was 
also visible, since cytochrome c is coloured. At lower concentrations of 
cytochrome c amoebae did not become round in shape, and did not show 
chemotactic activity. 

Using a fine glass capillary, S e r a v i n (1963) showed that application 
of concentrated cytochrome c to a localized area of an amoeba induced 
foodcup formation. This indicates that the mechanism of foodcup-induc-
tion by cytochrome c is different from that involved in chemotaxis. This 
view is supported by observations ( E d w a r d s 1921) that some acids 
and bases can induce pseudopod formation but do not have chemotactic 
activity. 

Until now capillary tube technique has been the only suitable method 
for studying chemotaxis in amoebae. In this technique a fine glass ca-
pillary, containing agar to delay diffusion of attractant, is usually used 
to examine whether a substance contained in the capillary can induce 
foodcup formation on the surface of an amoeba. However, foodcup forma-
tion might not be used as a criterion for chemotactic activity of a sub-
stance, as pointed from experiments of the chemotactic activity of cyto-
chrome c. With a capillary of a larger diameter, chemotactic activity can 
be tested by counting the number of amoebae that migrate to the tip 
of capillary (cf., N o h m i and T a w a d a 1974). However, this is not 
a quantitative measure because of the small number of migrating 
amoebae. The agar gel chamber is more suitable for quantitative analyses 
than the capillary tube technique. 

We have used the agar gel chamber to test the changes in chemotac-
tic activity of T-protein when the conformation of the protein is altered. 
The results are described in the following paper. 
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RÉSUMÉ 

Un dispositif nouveau a été conçu pour procéder à l 'analyse quan t i t a t ive de la 
chimiotaxie chez Amoeba proteus. Il est produi t en gel d 'agar 2% et il compor te 
trois chambres séparées (pour la solution examinée , pour les amibes et pour la 
solution contrôle). 
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La densi té d 'échanti l lon convenable pour l 'analyse de la chimiotaxie est d 'envi-
ron 4 amibes pa r mm 2 . Le cytochrome c qui peut s t imuler la format ion des. enfon-
cements al imentaires , ne provoque pas de réponse chimiotactique. On a conf i rmé 
également la pe r te du pouvoir chimiotact ique at t ract i f , d 'un ext ra i t de Tetrahymena 
après son t ra i t ement par la trypsine. 
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A Study of Chemotaxis in Amoeba proteus 
II. Requirement of a Specific Conformation of an Attractant 

in Amoeba Chemotaxis 

Synopsis. T h e e f f ec t of h e a t - d e n a t u r a t i o n of a p ro te in ic a t t r a c t a n t e x t r a c -
ted f r o m Tetrahymena pyriformis on c h e m o t a c t i c ac t i v i t y in Amoeba 
proteus h a s b e e n inves t iga ted . T h e c h e m o t a c t i c ac t iv i ty w a s m e a s u r e d 
by t h e a g a r gel c h a m b e r m e t h o d desc r ibed in t h e p r e c e d i n g p a p e r a n d 
c o n f o r m a t i o n a l c h a n g e s of t h e a t t r a c t a n t w a s m e a s u r e d by c i r cu l a r di -
ch ro i sm. T h e c o n f o r m a t i o n a l c h a n g e of a t t r a c t a n t closely co r r e l a t ed 
w i t h t h e loss of t h e chemotac t i c ac t iv i ty . T h i s close c o r r e l a t i o n sugges t s 
t h a t t h e i n t e r a c t i o n b e t w e e n t h e a t t r a c t a n t mo lecu l e a n d t h e a m o e b a 
s u r f a c e m e m b r a n e is specif ic . 

The initial step of stimulus-response systems of living organisms is 
the reception of an external stimulus. In chemoreception, there is a close 
correlation between the molecular structure of a stimulant and its stimu-
lating effectiveness. In the blowfly the stimulating effectiveness of a se-
ries of derivatives of D-glucose on the sugar receptor was studied 
( E v a n s 1963). It was shown that D-fructose is effective only in the 
(3-D-fructofuranose form. This suggests a specificity of interaction bet-
ween the sugar and the receptor. It was also shown that amoebae of so-
me Dictyostelium species are attracted by adenosine cyclic 3', 5'-mono-
phosphate (cyclic AMP), and to a lesser extent, by the analogues of this 
nucleotide (K o n i j n and J a s t o r f f 1973). They concluded that the 
molecular receptor systems for cyclic AMP of the amoebae are highly 
sensitive to stereochemical alteration at the 5' position of cyclophosphate 
ring. This also shows a specificity. 

We extracted a protein from T. pyrijormis (N o h m i and T a w a d a 
1974), which was an attractant for amoeba chemotaxis. The study of the 
relative chemotactic effectiveness of the partially denatured atrractant is 
presented in this paper. Our results show that the interaction between 
the amoeba membrane and the at tractant is specific. 

9 — Acta Protozoal. 15/2 
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M a t e r i a l a n d M e t h o d s 

A m o e b a c u l t u r e s : Amoeba proteus was cultured as described in the prece-
ding paper ( N o h m i and T a w a d a 1976). 

P r e p a r a t i o n of t e s t s u b s t a n c e s : The method for ext rac t ing t h e che-
motactic substance f r o m T. pyriformis was described in detail previously (N o h m i 
an d T a w a d a 1974). Heat - t rea tment of the a t t rac tan t was carried out wi thou t and 
wi th using 8M-Urea as the dénaturant . In the former case, the a t t rac tan t was boiled 
at 100°C for 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 h. The seven test substances a f t e r the 
hea t - t r ea tment were immediately placed in an ice bath. They were kept a t room 
t empera tu re for 0.5 h before t he beginning of chemotactic test and CD measurement . 
In the la t ter case, the a t t ractant containing 8M-Urea was incubated a t 50°C for 
2 h, dialyzed exhaustively and concentrated till the same concentrat ion as un t rea ted 
a t t r ac tan t was obtained. 

O t h e r m e t h o d s : Amoebae were starved for two days and washed a t least 
th ree t imes before use to el iminate contaminants. 

The chemotactic activity was tested at room tempera tu re by using the agar gel 
chamber described in the preceding paper. 

CD measurements were carried out with a Jasco ORD/UV-5. The scale sett ing 
of 5 X lO-4 dichroic absorbance difference per 1 cm on t h e char t was used. All 
recordings w e r e carried out a t ambient room tempera ture of 20°C. 

To examine whe the r a test substance passed through the thin wall of a n aga r 
chamber, the following procedure was used. Following each exper iment , the 
chamber was rinsed to remove protein and amoebae f r o m the agar surface. Then 
the rinsed agar gel chamber was sliced vertically so as to obtain sections of the 
two thin walls. The slice was dried and passed through 20°/o aqueous acetic acid 
containing 0.5°/o Amido-Schwartz dye. As the agar does not stain, the prote in which 
takes up the s tain can be observed. 

To examine the net change of charge of the test substance, e lectrophoresis on 
cellogel was caried out. Cacoaylic acia-imidazole buf fe r of pH 5.3 and Tr is-veronal 
bu f fe r of pH 7.0 were used. The s ta ining solution was 45°/o methanol -10% acet ic 
acid containing 0.5% Amido-Schwartz, and the decolorant was 47.5% methanol-5°/o 
acetic acid. 

R e s u l t s 

Figure 1 shows the CDs of native attractant (i. e., attractant before 
heat-treatment) (Curve 1), the attractant boiled at 100°C for 3 h (Curve 2) 
and Prescott and James medium which was the solvent of these test sub-
stances (Curve 3) in the form of actual CD tracings. In all seven samples 
a negative peak was observed at 220-223 nm. The readings of a dichroic 
absorption difference at 200 nm were plotted against the heat- t reatment 
time (Fig. 2). The A0.D. gradually decreased af ter 30 min boiling. Since 
the amplitude of the Cotton effect is related to the amount of helix con-
tent, it is likely that the longer the attractant is boiled, the less order it 
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Fig. 1. CDs of un t r ea t ed a t t r ac t an t (Curve 1), a t t r a c t an t boiled for 3 h (Curve 
2) and Prescot t and J a m e s m e d i u m (Curve 3), in t he f o r m of t h e actual CD tracings. 

(Absorbance a t 280 n m w a s 0.24) 
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Fig. 2. A0.D. of the CD a t 220 n m of a t t r a c t an t s boiled f o r va r ious t imes w a s 
plot ted on t h e o rd ina te against t ime. These samples h a d the s ame concent ra t ion 

(Absorbance a t 280 n m w a s 0.24) 

has. Figure 3 shows the CD of 8M-Urea-treated attractant. The structure 
of attractant after the treatment was also altered. 

Figure 4 shows the time course of chemotaxis in the agar gel chamber 
with heat-treated attractants. Figure 4a shows the time course when 

n m 

2.0 hours 
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Fig. 3. The CD of a t t r ac t an t t reated with 8M-Urea in the fo rm of an actual CD 
tracing. (Absorbance a t 280 nm w a s 0.06) 
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Fig. 4. Time course of Chemotaxis (Absorbance at 280 nm was 0.94). Abscissa 
and ordinate in both upper and lower graphs are same as in "A study of Chemo-
taxis in Amoeba proteus I. An agar gel chamber method for measur ing quan t i t a -
tively Chemotaxis in Amoeba proteus (N o h m i and T a w a d a 1976)". Amoebae 
on the wall ad jacen t to the reference pool (x). Amoebae on the wall ad jacen t to 
the test pool (<o). Figure 4 a is the t ime course of Chemotaxis with un t rea ted a t -
t rac tan t ; Fig. 4 b is the t ime course with the a t t rac tan t boiled for half an hour ; 

an d Fig. 4 c is the t ime course wi th the a t t rac tant boiled for 2 h 
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untreated attractant was used. Figure 4b shows the time course with 0,5 
hour-boiled attractant and Fig. 4c shows the time course with 2 hours-
boiled attractant. The chemotactic activity became weaker as the heat-
treatment time was increased beyond half an hour. The activity was 
completely lost by heat treatment for 2 h. Figure 5 shows the time course 
of chemotaxis when Urea-treated attractant was used. This attractant had 
no activity. 

200 
1) 
u 

100 

^R-ti-iar--* 
0 60 120 min 

Fig. 5. T ime course of chemotax i s w i t h a t t r a c t a n t t r ea ted w i t h 8M-Urea 

Staining of the sliced agar showed that the diffusion of attractant 
through the thin wall from pool A into pool B occurred. Electrophoresis 
showed that heat treatment of the attractant did not change the net char-
ge of the attractant (Fig. 6). 

D i s c u s s i o n 

Our results show close1 correlation between the loss of chemotactic 
activity and the conformational change of attractant: the chemotactic 
activity of attractant was lost when the helix content of the attractant 
was decreased to some extent. 

The net charge of attractant did not change when the conformation 
was altered by heat treatment. The heat-denatured attractant diffuses 
out into pool B equally as well as the untreated attractant. Therefore, the 
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Fig. 6. Electrophoresis on cellogel of un t rea ted a n d hea t -dena tu red a t t r ac t an t s a t 
pH 5.3 and p H 7.0. At both pHs the posit ions of un t rea ted a t t r a c t an t (right side) 
a n d hea t - t rea ted a t t rac tan t (left side) a f t e r e lectrophoresis a r e indicated by t h e 

spots, a n d the positions at t h e s ta r t a r e m a r k e d by the dashed lines; 

close correlation between the loss of chemotactic activity and the confor-
mational change of the attractant indicates that an amoeba can not 
"sense" the attractant molecule unless the molecule has a special (native) 
tertiary structure. This means that the interaction between the attractant 
molecule and the amoeba surface membrane is as specific as that between 
stimulant molecules and chemoreceptors in higher organisms. 

A C K N O W L E D G E M E N T 

We wish to express our thanks to Prof . H. Shimizu for his encouragement . 

RÉSUMÉ 

On a é tud ié l 'activité chimiotac t ique chez Amoeba proteus s t imulée pa r une 
pro té ine a t t r ac t ive ext ra i te de Tetrahymena pyriformis, ap rès sa déna tu ra t ion p a r l a 
chaleur . L ' in tens i té de la chimiotaxie é ta i t méasu rée pa r la t echn ique des c h a m b r e s 
en gel d ' agar décr i te dans l 'é tude p récédence et les changemen t s de la con fo rma t ion 
du fac teur a t t ract i f étai t mesurés pa r la mé thode du dichroïsme circulaire. Ces 
changements sont s t r ic tement liés avec la pe r t e de l 'act ivité chimiotact ique. Cet te 
corrélat ion é t ro i te suggère une in terac t ion spécif ique en t re la molécule du f a c t e u r 
at t ract if et la s u r f a c e de la m e m b r a n e d e l 'amibe. 
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A n d r z e j G R Ę B E C K I 

Co-axial Motion of the Semi-rigid Cell Frame 
in Amoeba proteus 

Synopsis. T h e locomot ion of po lypod ia l a m o e b a e , we l l a t t a c h e d a n d not 
s t i m u l a t e d , h a s b e e n r e c o r d e d by m e a n s of t h e d o u b l e - e x p o s u r e a n d t h e 
l o n g - e x p o s u r e p h o t o g r a p h y , a n d of t h e t i m e - l a p s e c i n e m a t o g r a p h y a s we l l 
in t h e ho r i zon ta l p l a n e as in t h e s ide -v iew. T h e a t t a c h m e n t t o t h e s u b -
s t r a t e by s u p p o r t i n g k n o b s or p s e u d o p o d i a in t h e zone, d i s t a n t b y 1/3 
of t h e body l e n g t h f r o m t h e f r o n t a n d 2/3 f r o m t h e r e a r edge, is m o s t 
c o m m o n a n d mos t e f f i c i e n t f o r locomot ion . T h e e c t o p l a s m i c t u b e i s no t 
s t a t i o n a r y . U n d e r t h e s e cond i t i ons of cell adhes ion , it s h o r t e n s a n d is 
pu l l ed f o r w a r d s b e h i n d t h e l i m i t e d a t t a c h m e n t zone, w h e r e a s it e x p a n d s 
a n d is pushed , a l so f o r w a r d s , in f r o n t of it. T h e m o t i o n of t h e ecto-
p l a s m i c t u b e is r e f l ec t ed in t h e g r a n u l e m o v e m e n t s a n d in c h a n g i n g 
t h e pos i t ion of t h e e x t e r n a l c o n t o u r of a m o e b a . T h e e c t o p l a s m r e m a i n s 
s t a t i o n a r y on ly t e m p o r a r i l y fo r a sho r t t i m e in t h e l imi t ed a t t a c h m e n t 
zone, w h i c h itself con t inuous ly c h a n g e s i ts pos i t ion in r e spec t t o t h e 
s u b s t r a t e a n d in r e spec t t o a m o e b a ' s morpho logy . T h e r e s u l t is a r ea l 
c r a w l i n g m o v e m e n t of t h e w h o l e semi - r ig id cell f r a m e , c o r r o b o r a t i n g t h e 
locomot ion . S p e c i m e n s occas iona l ly a n c h o r e d by t h e u r o i d or, m o r e 
c o m m o n l y , by t h e t i p of a g r o w i n g f r o n t a l p s e u d o p o d i u m c a n n o t e f f ec t i -
vely lomocote , a n d t h e r e a p p e a r s a n o n - e f f e c t i v e c o m p e n s a t o r y b a c k w a r d 
m o t i o n of t h e w h o l e cell f r a m e , w h i c h c r e a t e s t he impres s ion of a f o u n -
t a in s t r e a m i n g . 

I n t r o d u c t i o n 

It is well known that the recent theories of the amoeboid movement 
based on the gel tube contraction (e. g., G o 1 d a c r e and L o r c h 1950, 
G o l d a c r e 1961 and 1964, M a r s l a n d 1964), and the theory of the 
frontal contraction ( A l l e n 1961 a and b) essentially disagree as to the 
site of action of the motive force in the cell. According to the first theory, 
the contraction takes place in the s t a t i o n a r y e c t o p l a s m and 
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results in pushing the m o v i n g e n d o p l a s m , and according to the 
second, the contraction in the m o v i n g e n d o p l a s m pulls it against 
the s t a t i o n a r y e c t o p l a s m . It oecomes therefore obvious that, 
unexpectedly, both controversial theories are based on the same common 
fundamental presumption: the endoplasm is the only fraction of the cell 
body which actually moves during the cell locomotion in amoeba. Ad-
vancing of the ectoplasmic tube is not a real movement but only a grow-
ing on at the front and a disintegration at the rear. If so, we are forced 
to conclude that the whole transport of material in the moving cell is 
effected exclusively through its interior, and as a consequence, to believe 
that it would be enough to reveal the mechanism of the endoplasmic 
streaming for understanding the locomotion. 

This manner of thinking is basically consistent also with the view 
of G o l d a c r e (1961) postulating that even the cell membrane is statio-
nary in a moving amoeba, and is transported forwards uniquely in a di-
sintegrated form by the intracellular streaming. However, this hypothesis 
has been replaced in the past decade, at least for Amoeba proteus by 
a theory stating that the cell membrane actually moves forwards by 
a folding-unfolding process (C z a r s k a and G r ^ b e c k i 1966, H a b e -
r e y , e t a l . 1969, S t o c k e m et al. 1969). 

The aim of this study is to demonstrate that in general the locomotion 
of amoeba cannot be reduced in its interpretation to the intracellular 
transportation of material by the cytoplasmic streaming. As a matter of 
fact, a migrating amoeba performs regularly plenty of other movements 
which cannot be described in the terms of gradual disintegration and 
reconstitution of a stationary ectoplasmic tube. For example, the lateral 
pseudopodia may move with their bases forward or backward in respect 
to the substrate, or bend in any point, the whole cell may effect short 
lateral movements perpendicular to the main axis of the endoplasmic 
stream, many vertical movements, or some turning at the spot. These 
movements which make the cell change its position and/or its shape in-
dependently of the cytoplasmic streaming, are so commonly and easily 
seen under usual conditions that it is impossible to explain why are they 
neglected in all theories of amoeboid movement, if not by a common fa -
scination by the ectoplasm-endoplasm cycle in amoeba. To fill this gap 
an effort should be made to describe these movements, to distinguish bet-
ween the major types of them, to understand their mechanism, and to in-
tegrate their interpretation into the general theory of amoeboid loco-
motion.' 

1 T h e concept of t h e s t a t ionary condit ion of t he cell m e m b r a n e is some t imes 
still suppor ted in t h e case of the locomotion of t issue cells ( H a r r i s 1973). 
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For the purpose of convenience, to all this diversity of movements 
will be given here a common name of a u t o t r a c t i o n . This term is 
adopted from J a h n and B o v e e (1965), however, in a very different 
meaning und without any relation to the taxonomical conclusions drawn 
by these authors. It should simply mean here that the cell or a part of it 
changes its position as a whole, regardless of the fact that the intracellu-
lar transportation of material is simultaneously acting inside it. In other 
words, and in contrast to the movement of the semi-fluid component of 
the cell, autotraction is the movement of the s e m i - r i g i d f r a m e of 
t h e c e l l b o d y 2 . 

The autotraction phenomena may be subdivided first into two large 
categories: the co-axial movements in which the semi-rigid cell structures 
advance following the same course as the endoplasmic streaming or are 
retracted in the opposite direction, and the non-axial movements which 
are effected in any other direction not corresponding to the intracellular 
flow. The co-axial movements are the subject of the present study. 

The autotraction of the semi-rigid cell f rame in amoeba has two 
aspects, one microstructural and another one macrostructural, which can 
be observed separately with different techniques but in fact are intima-
tely related one to another. At the microstructural level the cell f rame 
displacements are expressed by the movement of granules of the ecto-
plasmic tube, and at the macrostructural one by changing position of 
pseudopodia, of the uroid, and of the other small projections of the trunk. 
Both phenomena were recorded and are analysed in this study for reveal-
ing the overall pattern of movements of the cell f rame during the loco-
motion of amoeba. 

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

The cu l tu res of Amoeba proteus w e r e g rown in the Chalkley m e d i u m wi th 
Colpidium added a s food. T h e samples t a k e n f o r record ing the movemen t w e r e 
washed wi th the c lear f lu id f r o m the uppe r l aye r s of t h e s ame cul ture, i.e., w i thou t 
changing any physico-chemical proper t ies of t he med ium. 

All the amoebae , analysed in this s tudy w e r e well a t t ached to the subs t ra te , 
man i fe s t ed d i f fe ren t degree of polypodial i ty, a n d w e r e not s t imulated. In o ther 
words , they p resen ted the body s h a p e a n d type of locomotion most common in 

2 T h e t e r m of t h e semi-r igid f r a m e is used h e r e in i ts physical mean ing a n d 
it descr ibes a n i n d e t e r m i n a t e s t ruc tu re which m a i n t a i n s i t s shape a n d t r ansmi t s 
tension in t h e ex ten t in wh ich it is capable of resis t ing bend ing moment . It is 
wel l unders tood t h a t t h e ec toplasm is not absolu te ly rigid bu t h a s also some 
elast ici ty and plast ic i ty (Y a g i 1961), as well as the endop lasm has the f low pro-
pert ies of a viscoelastic f lu id ( A l l e n and R o s l a n s k y 1959). 
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cu l tu res and usual ly considered as "normal" . The monopoa ia l f o r m s wi th p rominen t 
w a t e r y f r o n t a l caps which spontaneously develop in cul tures , t h e monopodia l f o r m s 
wi thou t w a t e r y caps induced by unidirect ional ex te rna l s t imula t ion , and t h e f o r m s 
said " rad ia l" w i t h very long pseudopodia and w e a k a t t a c h m e n t to t h e subs t ra te 
produced by s u d d e n changes of the medium, w e r e also recorded, bu t t h e analysis 
of the i r locomotion is beyond the scope of the p resen t s tudy. 

For observat ion, f i lming, and photographic record ing in the hor izonta l p lane 
a f e w glass s p h e r e s about 0.7 m m in d iamete r w e r e added to t h e s a m p l e to keep 
the necessary d is tance between the microscopic slide a n d t h e cover glass. 

P ic tu res of a m o e b a e in vertical p lane w e r e t a k e n w i t h t w o techn iques based 
on d i f fe ren t principles. In the f i rs t p rocedure which w a s a modi f ica t ion of t h e 
classical m e t h o d of D e l l i n g e r (1906), a ver t ical glass c h a m b e r 1.2 m m thick 
has been used w i t h the microscope moun ted horizontal ly , a n d i n t h e second, 
amoebae migra t ing on the bottom of a crysta l izat ion vessel w e r e wa t ched th rough 
a sys tem of t w o mir rors , the microscope being set in its u sua l ver t ical position. 
T h e detai ls of t echn iques developed for s tudying a m o e b a e and o ther protozoa in 
the s ide-view a r e to be described e lsewhere (Grębecki, unpubl i shed) . 

The mac ros t ruc tu ra l aspect of the au to t rac t ion of t h e cell f r a m e , expressed by 
changing t h e posi t ion of the whole contour of moving amoeba , h a s been recorded 
both c inematographica l ly and photographical ly. 

T h e f i lming t echn ique was essentially the s a m e as used be fo re by G r ę b e c k a 
a n d G r ę b e c k i (1975), and consisted in t ak ing t ime- lapse sequences a t t h e f r e -
quency of 1/s (0.2 s exposure + 0.8 s interval) wi th a Bolex H 16 Ref lex camera 
steered by t h e Pai l lard-Wild Variot imer device and m o u n t e d on a n in te r fe rence 
cont ras t microscope (power 50 X). For f u r t h e r analysis, t h e p rof i l es of migra t ing 
amoeba, w i th some reference points on t h e subs t ra te , w e r e r e d r a w n on the t rac ing 
pape r to r ep resen t the s tages of locomotion spaced a t 10 s in terva ls . 

T h e chang ing posi t ions of the contours of moving a m o e b a e w e r e also recorded 
photographica l ly w i t h t h e double-exposure technique. Th i s is a n adap ta t ion of t h e 
m e t h o d developed originally by D o r o s z e w s k i (1961) for record ing mot ion of 
t he ci l iate Dileptus. I t is based on taking t w o p ic tu res of t h e s a m e object , a t 
a k n o w n t i m e interval , on the same plate. T h e r e should be a d i f fe rence in the 
luminos i ty or in t h e dura t ion of both exposures, to d iscern be tween the ini t ial a n d 
t h e f ina l posi t ions of the moving animal . In this s tudy t h e doub le -exposure p ic tures 
w e r e t a k e n w i t h a da rk field microscope which gives m u c h be t t e r cont ras t of both 
super imposed contours, t h a n the original br ight f ield me thod of D o r o s z e w s k i . 
The d i f fe rence be tween t w o successive images w a s obta ined by in t roducing a f i l te r 
absorb ing 75°/o of light, dur ing one or ano the r exposure . The f i r s t exposure should 
be w e a k e r t h a n t h e second one to record clearly t h e w i t h d r a w a l of a s t r u c t u r e 
(the poster ior p a r t of amoeba), and the reverse re la t ion of t h e l ight intensi t ies 
produces good p ic tures of the advancing par t of t he cell ( the f r o n t of amoeba) . T h e 
exposure t i m e w a s 0.2 s in each case, wi th the in te rva l of 20 s in between. 

The m o v e m e n t of granules const i tuent of t h e ectoplasmic tube , which revea l s 
t h e au to t rac t ion of the cell f r a m e under its mic ros t ruc tu ra l aspect , has been recor-
ded by long-exposure photography, in the d a r k field. On such records the mov ing 
g ranu les p roduce s t r eaks and the rest ing ones a re seen a s spots. T h e t echn ique w a s 
very s imilar to tha t used first for amoebae by R i n a l d i (1963). In the p resen t 
s tudy p ic tures w e r e taken with a low power d a r k f ield microscope (magnif icat ion 
80 X or 120 X) and on large size photographic plates ( 6 X 6 cm.), which a l lowed 
to record the mot ion of whole amoebae. The choice of t he exposure t ime is de-
cisive because it a f fec t s the recorded pa t t e rn and m a y in f luence the in te rpre ta t ion . It 
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was 20 s in th is s tudy, i.e., 3-5 t imes longer t han tha t used by R i n a 1 d i (obviously, 
wi th a longer exposu re t h e l ight intensi ty m u s t be kep t lower). T h e longer re -
cording t i m e is necessary to pu t in evidence the exis tence of very slow movemen t s 
of t he ec toplasmic granules . On the o ther hand, wi th a w e a k luminosi ty and long 
exposure , ve ry fas t endop lasmic granules do not produce any s t reaks at all, bu t only 
a gray halo, wh ich exc ludes confusion be tween t h e mot ion of the ec toplasmic t ube 
and t h e endoplasmic s t reaming . 

E x p e c t a t i o n s f r o m t h e M o d e l 

The character of the co-axial movements of the semi-rigid frame of 
amoeba cell has been in fact in large extent predicted by earlier results 
obtained in this laboratory ( G r ę b e c k a and G r ę b e c k i 1975). A pla-
nimetrie study of different body regions of a moving Amoeba proteus 
resulted in designing a pair of models of an "ideal amoeba" in two suc-
cessive stages of its locomotion separated by 10 s interval (Fig. 1). The 

Fig. 1. G r a p h i c model of t h e "ideal amoeba" in the init ial s tage of its movemen t 
(empty contour) , a n d 10 s l a te r (dotted contour), a f t e r G r ^ b e c k a and G r e b e c -
k i (1975); bo th s tages a r e super imposed to s h o w changing of t he posit ion of t h e 
model , depend ing on d i f f e r e n t sites of a t t a c h m e n t : A — a t t a c h m e n t be tween the 
midd le a n d t h e a n t e r i o r sub-regions of the t runk , B — a t t a c h m e n t by t h e rea r 
edge of t h e uroid, C — a t t a c h m e n t a t t h e t ip of a growing f ron ta l pseudopodium 

models express the relative size of all body regions and their changes 
during 10 s, in particular the reduction of the uroid by 39°/o, of the con-
tracting pseudopodia by 34%, of the posterior part of the t runk by 35%>, 
and of its middle part by 19%, as well as the expansion of the anterior 
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part of the t runk by 9%, and the expansion of the advancing pseudo-
podia which reaches 31% at their bases and 87°/o in their f ree parts. 

It is enough to realize that a l l body regions continuously either 
shorten or expand, for concluding that the presumed stationary condition 
of the ectoplasmic tube is physically impossible. All segments of the se-
mi-rigid f rame of the cell must change their relative positions simply 
because they all change their dimensions. What kind of effective move-
ment in respect to the substrate will result f rom this relative motion, is 
evidently depending on the position of the sites of attachment of amoeba. 

As well our own unpublished observations (PL I 1), as earlier descrip-
tions by D e l l i n g e r (1906), B e l l and J e o n (1963) and H a b e r e y 
(1971) show that a polypodial Amoeba proteus "stands" on a few suppor-
ting knobs often developed as to form short pseudopodia. Some of them 
slide against the substrate and some remain stationary for a certain time. 
Only the stationary ones may be the structure holding the adjacent por-
tion of the semi-rigid cell f rame in a temporarily fixed position. The 
holding knobs or pseudopodia may be occasionally seen in any place on 
the under side of amoeba, but most frequently they are found in the re-
gion distant, roughly speaking, by Vs of the body length f rom the front, 
and 2/3 from the tail. 

In the Figure 1 A two stages of the "ideal amoeba" taken at a 10 s 
interval, are superimposed in the manner to keep in the unchanged po-
sition the imaginary borderline between the anterior V? and the poste-
rior 2/3 of the body. This corresponds morphologically to the line separat-
ing the anterior part of the t runk from its middle part and from the 
contracting pseudopodia. As a consequence, in this state all contracting 
body regions are situated behind the zone kept in the stationary condi-
tions, and all expanding regions in front of it (according to the data on 
the contraction / expansion gradient in amoeba as established before: 
G r ^ b e c k a and G r ^ b e c k i 1975). 

Predictions of the model presented in the Fig. 1 A are extremely 
clear. The semi-rigid cell f rame behind the attachement zone is expected 
to move forwards and the speed of its successive segments should 
decrease from the tail towards the attachment zone. Also in front 
of the attachment zone the cell frame will presumably advance and the 
speed of its movement should be higher for the segments situated more 
frontally. 

Figures 1 B and 1 C present the "behaviour of the model" in two 
other, and extreme, hypothetical situations: amoeba attached to the sub-
strate at the rear edge of the uroid or at the tip of a frontal Pseudopo-
dium. They will be confronted with the actual behaviour of living amoe-
bae fur ther in the text. 
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P u l l i n g E f f e c t s b e h i n d t h e A t t a c h m e n t Z o n e 

Figure 2 gives some examples of the actuai behaviour of the uroid 
and of the adjacent posterior part of the trunk as recorded in the time-
lapse pictures taken in the horizontal plane. Three sequences are drawn, 
recorded in three different individuals, composed respectively of 12, 
7 and 6 successive stages of movement separated each by 10 s intervals. 

Fig. 2. Examples of dragging f o r w a r d s of t he poster ior p a r t s of amoebae f i lmed 
in the hor izonta l p lane ; all super imposed contours a r e separa ted by 10 s in te rva l s 
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Some more examples of autotraction of the posterior part of the semi-
rigid cell f rame of amoeba, obtained with the double-exposure photo-
graphic technique, taken at the intervals of 20 s, are shown in the PI. 
I 2, 3 and II 4-7. 

It is evident from all these pictures that in the posterior part of 
amoeba not only a contraction takes place, but also a forcible displace-
ment of the contracting structures. All distinct projections of the uroid 
and small foldings visible on its contour considerably move forwards be-
fore they disappear. One could also describe this phenomenon by stating 
that the shape of the posterior part of amoeba is much more stable than 
its position in respect to the substrate. 

The side-viewing of the posterior part of amoeba in the vertical pla-
ne provides essentially similar pictures of dragging of the whole structure 
towards the zone of attachment, i. e., in the forward direction. A new ele-
ment seen with this technique is the vertical component of movements 
of the; uroid which may be winded up (Fig. 3 A) and alternately fall 

Fig. 3. E x a m p l e of d ragging f o r w a r d s of t he poster ior pa r t of a n a m o e b a f i lmed 
in t h e ver t ica l plane, f r o m t h e s ide: A — w i n d i n g up of the uroid du r ing f i r s t 

20 s, B — fa l l ing down of t h e u ro id dur ing the n e x t 30 s 

down (Fig. 3 B) in the same individual. After the falling down phase the 
uroid may touch the ground but usually it is only just loosely lying on 
it and freely glides on the substrate when it is still drawn forwards. This 
means that the uroid in this state may constitute a point of support but 
not a point of attachment for the cell. In general, the observation in ver-
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tical plane confirms that the cell may be attached to the substrate at its 
rear pole only occasionally and for a short time. 

The contracting pseudopodia also, if they keep contact with substrate, 
usually cannot represent more than the supporting points, because they 
slide on the ground, when the structure contracts and moves forwards 
as a whole. Such a case is shown on the Fig. 4 representing three stages 

Fig. 4. S l id ing aga ins t t h e s u b s t r a t e of t h e c o n t r a c t i n g pseudopod ia , w h i c h s u p -
po r t t h e uro id , in a s p e c i m e n f i lmed i n t h e ve r t i ca l p l ane , f r o m b e h i n d ( in te rva l s 

of 20 s b e t w e e n t he con tours ) 

of movement separated by 20 s intervals, in an individual recorded in the 
vertical plane not from the side but from behind (the amoeba moves away 
from the observer's eye). The uroid, seen in the upper right part of the 
picture, is supported but not fixed by two contracting pseudopodia which 
touch the ground and slide on it. 

It has been predicted by the model in the Fig. 1 A that the movement 
of the cell f rame should progressively slow down in its successive seg-
ments from the tail towards the attachment zone. The exact measures 
remain to be taken in future, but in general the cine-recordings demon-
strate that this assumption is also true. Figure 5 shows, in the horizontal 
plane, three stages of movement of the posterior part of an amoeba which 
had the uroid in form of a pseudopodial residue and two other contract-
ing pseudopodia were arranged in line on the same side of the body. 
It is clearly seen that the forward movement of the uroid was the fastest, 
it was distinctly slower in the case of the first pseudopodium next to the 
uroid, and the slowest for the second lateral pseudopodium approaching 
the middle region of amoeba. Also all the double-exposure photo-records 
shown in the PI. I and II confirm that the speed of dragging forwards 
of the posterior part of the cell f rame gradually falls down from the 
uroid towards the middle of the body. This phenomenon is particularly 

10 — Acta Protozool. 15/2 
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Fig. 5. Decreas ing r a t e of pul l ing f o r w a r d of the uroid and of two l inear ly a r r anged 
contrac t ing pseudopodia in t h e poster ior pa r t of a n amoeba, f i lmed horizontal ly 

well expressed in three lateral pseudopodia of the amoeba shown in the 
Pl. II 4. 

It may be also seen from all time-lapse cine-records presented here 
(Figs. 2-5) that the forward movement of the uroid seems to be sustained 
and rather stable for considerable periods of time in each individual. 
This is probably related to the semi-permanent character of the uroid as 
reported by G o l d a c r e (1956). 

P u s h i n g E f f e c t s i n f r o n t of t h e A t t a c h m e n t Z o n e 

Movement forwards of the anterior part of amoeba's cell frame, 
between the attachment points and the tips of advancing pseudopodia, is 
expected from the model (Fig. 1 A) as a summarized effect of the expan-
sion of all body sub-regions in this zone. It is less easy to demonstrate 
this, apparently for two main reasons. First difficulty is a possible confu-
sion between the expected effect of pushing forwards of the whole struc-
ture and the well known phenomenon of its increasing in the pseudo-
podial tips from the endoplasmic material. For instance, the double-expo-
sure records of the anterior part of moving amoeba (Pl. I l l 8-9) show 
only the changing position of the advancing front, but it is impossible 
to conclude f rom these pictures how much of the change is due to the 
apical addition of new segments to the ectoplasmic tube, and how much 
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(if any) to the elongation and pushing forwards of the pre-existing 
structure. Second difficulty consists in that the longitudinal body axis 
of a polypodial amoeba is more branched in the anterior than in the poste^-
rior body part. 

The long-exposure photographic technique helps to overcome these 
difficulties and it puts in evidence the advancing of the free anterior part 
of the cell frame. Pictures of frontal pseudopodia shown in the PL III 
10-12 and IV 13-15, taken with a single exposure of 20 s each, demon-
strate that the whole ectoplasmic tube in this region of migrating amoeba 
is slightly pushed forwards: all granules are moving and produce streaks 
on the photographic plate. A stationary condition of the ectoplasmic tube, 
represented by resting granules recorded as spots, may be also found 
frequently but in the basis of a pseudopodium (PL III 10 and IV 13-14). 

Another manner of discerning the forward movement of the anterior 
part of the whole cell f rame may be based on the observation of chang-
ing position of such sections of the frontal edge of moving amoeba which 
are not supposed to grow on by the addition of new ectoplasm. This is 
the case of areas from which the bases of two neighbouring advancing 
pseudopodia emerge, which for the purpose of convenience and in rela-
tion to their shape, will be called Y junctions. The behaviour of the 
Y junctions has been analysed on the time-lapse film records, and some 
examples of them are given in the Fig. 6 in which were superimposed 
respectively 4,5 and 5 contours of the advancing front of amoebae, sepa-
rated by 10 s intervals. In all cases shown in the drawings, the Y junc-
tions (indicated with arrows) change their position in the direction con-
form with the cell locomotion. It should be noted that this is not occurr-
ing every time in all advancing pseudopodia, but it is a very common 
phenomenon. However, this is sufficient as evidence, because any for-
ward movement of the Y junctions cannot be predicted f rom the endo-
plasm-ectoplasm conversion taking place close to the tips of advancing 
pseudopodia, and is therefore incompatible with the concept of a statio-
nary gel tube in amoeba. 

Time-lapse records of the frontal edge of migrating amoebae, taken 
in the vertical plane, display essentially similar pattern. Examples given 
in the Fig. 7 put in evidence the forward pushing of Y junctions as seen 
from the side, and on the other hand, they demonstrate another mean-
ingful fact that the sites in the f ront of an advancing pseudopodium 
which establish a contact with the substrate, may not adhere to the glass 
immediately af ter touching it, but instead they are most frequently pu-

shed forwards and glide against the bottom before they become the fixed 
points of attachment. 
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Fig. 6. Examples of changing posit ion of t h e advanc ing an te r io r p a r t of amoebae, 
f i lmed in the horizontal p lane ; a r r o w s indica te push ing f o r w a r d s in t h e Y junc -

tions be tween growing pseudopodia 

Fig. 7. Examples of t he f o r w a r d mot ion of t he an te r io r pa r t s of the con tou r s of 
amoebae, recorded in the s ide-view 
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C r a w l i n g F o r w a r d s of t h e W h o l e C e i l F r a m e 

It is impossible to use the double-exposure photographic recording to 
visualize the forward movement of the semi-rigid cell f rame in the whole 
extent of a migrating amoeba: with the first exposure being weaker than 
the second one, changing of the position of the advancing front is not 
recorded, and with the first exposure set stronger, on the contrary, the 
image of the withdrawed tail becomes very confused. The only manner 
to obtain an image of the moving cell f rame in the whole amoeba on 
a single still picture, is to record the displacement of the ectoplasmic 
granules with the long-exposure technique. A choice of examples of such 
records (taken during 20 s each) is given on the PI. IV-IX. Regardless 
of the very different shape of individuals, and of various degree of their 
polypodiality, being rather small in amoebae represented on the PI. IV 
16 and V 17 and high on the pictures numbered 18-25 on the PI. V-IX, 
they all present some common features. It should be noted first that in 
all cases one cannot find any resting granules, recorded as spots, neither 
in the posterior half of the body nor in its smaller anterior part, which 
confirms the pulling of the cell f rame behind the attachment zone, and 
its pushing in front of it, as described in two preceding chapters. On the 
contrary, the immobile granules indicating a temporary fixation of the 
ectoplasmic tube are found, as a rule in all pictures, only in a limited 
middle-anterior body region. This corresponds well to the position of the 
at tachment zone which has been defined here from the side-view pictu-
res as being most frequently located at the distance of Vs of the body 
length f rom the f ront and 2/z f rom the tail. 

It should be added that in highly polypodial animals two or more tem-
porary stationary zones, in two or more branches of the trunk, may be 
sometimes seen instead of a single one, but their positions still follow 
the general topography of the attachment sites as described before. 
A good example of such two separate stationary zones is given by the 
PI. V 18. 

The amoeba shown in the PL IX 26 represents a lobose form with 
broad and flattened pseudopodia. In such individual the stationary seg-
ment of the ectoplasmic tube is much more extended in both directions, 
but even in this case a forward movement of the cell f rame is recorded 
in the tail region and close to the advancing front. 

The macrostructural aspect of autotraction of the cell frame in the 
whole amoeba may be put in evidence by superimposing two complete 
contours taken from the time-lapse cinematographic records. Some exam-
ples are given in the Fig. 8, in the horizontal plane, and some others 
in the vertical plane, in the Fig. 9. They show that the lateral pseudo-
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Fig. 8. Examples of t h e f o r w a r d mot ion of t h e who le cell f r a m e in a m o e b a e nor -
mal ly at tached, f i lmed in t h e hor izonta l p lane 

podia and other identifiable projections of the contours move forwards 
as well in the posterior part of a migration amoeba as in its anterior 
part, excepted the zone which is close to the attachment points. 

Taking into account that the adhering knobs are not stable, tha t the 
posterior ones gradually loose their contact with the substrate, and simul-
taneously new attachments are being established more frontally, we have 
to conclude that the ectoplasmic tube is stationary only in a very limited 
segment, which moreover, is continuously displaced forwards as well in 
respect to the outer reference points as in respect to the constituent 
structures of the ectoplasmic tube (Fig. 17). With such changes of position 
of the stationary attachment zone, pulling in the posterior part of the 

http://rcin.org.pl



235 

Fig. 9. E x a m p l e s of t h e f o r w a r d mot ion of t h e w h o l e cell f r a m e in a m o e b a e re -
corded in t h e ver t ical p l ane ; note t h e s t ab le posi t ion of t he midd le -an te r io r a t t ach-
men t sites and gliding f o r w a r d s of t h e po in t s of suppor t located in t h e poster ior 

body regions 

ectoplasmic tube, and pushing in its anterior part, must result in a true 
crawling movement of the whole semi-rigid cell f rame of migrating 
amoeba. 

T a i l A t t a c h m e n t , F r o n t a l A t t a c h m e n t 
a n d C r a w l i n g B a c k w a r d s 

As it has been stated before, adhesion to the substrate between the 
middle and the anterior sub-regions of the t runk is the most common, 
but not unique manner of attachment of amoeba. Let us consider now 
two other extreme cases: the attachment zone temporarily situated on 
the under side of the uroid, or at the tip of a frontal growing pseudo-
podium. 

The movement of the cell f rame predicted in both these cases by the 
model may be read out from the Fig. 1 B and C. First evident conclusion 
is that an amoeba attached by the tail or exactly by the extreme frontal 
point cannot actually advance. The tail fixed in one position keeps the 
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front also in a stationary condition, and vice versa, assuming that the 
length of the cell does not change. However, an amoeba prevented in this 
way to change effectively its position, is still performing movements: the 
ectoplasmic tube shortens and disintegrates in its posterior part, whe-
reas in its anterior part it expands and new material from the endopla-
smic stream is added to it at the tips of frontal pseudopodia. The obvious 
result, shown by the Fig. 1 B and C, is that such amoeba which cannot 
effectively move forwards, should manifest a non-effective movement 
backwards of the ectoplasmic tube and of all its lateral projections, i. e., 
a kind of crawling backwards of the whole cell frame. 

In the time-lapse sequences of locomotion recorded for this study one 
can find many examples of behaviour fitting very well the theoretical 
expectations presented above. In amoebae filmed in the horizontal plane 
one cannot actually see the points of their attachment to the substrate, 
but it is possible to f ind specimens with the uroid temporarily immobili-
zed, and on the contrary, individuals with a frontal pseudopodium visibly 
growing on but immobilized at its tip. Figure 10 provides an example of 

Fig. 10. B a c k w a r d motion of t h e whole cell f r a m e in a n amoeba, f i lmed horizontal ly, 
in which the uro id wras keeping an approx imate ly f ixed posit ion 

amoeba in which the cell f rame moves back being pulled towards the 
stationary uroid, and the Fig. 11 shows a specimen which is as a whole 
pushed backwards from the immobilized tip of a growing frontal pseudo-
podium. It should be stressed that the locomotion is stopped and the cell 
f rame is pushed backward only in the case when the frontal pseudopo-
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dium is touching the bottom exactly with its extreme point, i.e., when 
its growing tip exerts a force directed against the substrate. Otherwise, if 
the contact between the frontal pseudopodium and the glass is established 
more laterally, the growing tip is free to advance, and the locomotion 
may continue in the usual way, as shown in the Fig. 7. 

Fig. 11. B a c k w a r d mot ion of t he whole cell f r a m e in a n amoeba, f i lmed horizontal ly, 
in w h i c h t h e t ip of the growing f ron ta l pseudopodium was keeping a n approx i -

mate ly f ixed posit ion 

This phenomenon may be recorded also with rhe double-exposure 
photographic technique, as well in the whole animal (PI. X 27) as in 
a branched frontal pseudopodium (PL X 28). In both pictures the weaker 
contours correspond to the initial position of amoeba, and arrows indi-
cate the tips of pseudopodia which keep fixed positions in spite of their 
growth. 

In side-view (Fig. 12) the crawling backwards of the cell f rame is 

Fig. 12. Example s of b a c k w a r d motion of the who le cell f r a m e in amoebae a t tached 
in t h e m a n n e r p reven t ing t h e effect ive locomotion, as recorded in the s ide-view 
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Fig. 13. B a c k w a r d mot ion of t h e whole cell f r ame , wi thou t e f fec t ive locomotion, 
in a specimen f ixed, d u r i n g t h e f i rs t 20 s, a t t h e t ip of i ts f ron ta l pseudopodium 
(A), and the recovery of locomotion and of the f o r w a r d movemen t of the cell 

f r a m e in t h e same individual , dur ing the next 20 s (B) 

Fig. 14. S ide-view p ic tu re of a n amoeba a t tached by the uroid, fo r t he f i r s t 20 s 
(A), and re-es tabl i sh ing no rma l a t t a c h m e n t in t h e nex t per iod (B); t h e absence 
of e f fec t ive locomotion a n d the backward motion of t h e who le cell f r a m e a r e 
correla ted w i t h t h e tai l a t t achment , whereas t h e middle -an te r io r a t t a c h m e n t resu l t s 

in act ive locomotion wi th t h e cell f r a m e .crawling f o r w a r d s 
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equally well pronounced and it may be confronted with the fixed or 
changing position of the supporting knobs and pseudopodia. 

The crawling backwards of the cell f rame in amoeba attached at its 
rear or at its front, is not a phenomenon lasting for a long time, and it 
is followed by establishment of new attachment points in the middle-an-
terior body region. This results in restoration of the effective locomotion 
accompanied by the usual behaviour of the cell frame. Figure 13 shows 
a case of amoeba, filmed in the horizontal plane, which has been atta-
ched at the f ront for the first 20 s of recording, and recovered the normal 
locomotion during the next 20 s. In the Figure 14 an example is given of 
another specimen, filmed from the side, which initially has been fixed to 
the substrate by the uroid, and also began to move normally in the next 
20 s period. In both cases, when the effective locomotion is stopped, the 
whole cell f rame moves backwards, and when the cell starts to advance 
again, the cell f rame immediately resumes its crawling forwards. 

D i s c u s s i o n 

The autotraction of the semi-rigid cell f rame in Amoeba proteus is 
a phenomenon so regular, that in fact it has been several times recorded 
in some earlier studies, but seldom clearly shown on illustrations and 
never recognized as one of the fundamental aspects of cell locomotion 
to be thoroughly investigated and incorporated into a comprehensive 
theory of amoeboid movement. 

For example, basing on the time-lapse recordings published by 
S t o c k e m et al. (1969), it is easy to put in evidence the movement for-
wards of the cell frame, provided that the original sketches are redrawn 
in the manner adopted in this paper. The Figure 15 brings the results of 
such exercise as applied to the Fig. 4: stage I of the discussed article. 
The Figure 15 B in which both complete profiles, separated by 60 s. in-
terval, are superimposed, shows exactly the same pattern of behaviour 
of the cell f rame as described in the present study. This pattern is obscu-
red in the original sketch (Fig. 15 A) because ol confusion between these 
parts of the contour which undergo a real change of dimensions, and 
those which simply change their position. For instance, the black colour 
is used both for the growing part of frontal pseudopodium and for some 
areas of the uroid which does not grow but moves forwards as a whole. 

This confusing interpretation results from referring to the substrate 
only, and not to amoeba body itself, when analyzing the morphological 
changes between two successive stages of locomotion. This question has 
been extensively examined in the precedent paper ( G r ^ b e c k a and 
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G r ^ b e c k i 1975) in which we abstained to discuss the numerical data 
of S t o c k e m et al. (1969) (Table 1), concerning the increments and los-
ses in the contour areas, as being not comparable with our results and 
not reflecting the size evolution of the separate body regions. 

Fig. 15. F o r w a r d mot ion of the cell f r a m e in an amoeba recorded by S t o c k e m , 
et al. 1969 (Fig. 4: s tage I); A — reproduct ion of t he original d rawing , B — t h e 

s ame p ic tu re r e d r a w n in t h e m a n n e r adopted in the presen t s tudy 

More important is, however, that the time-lapse records of S t o c k e m 
et al. (1969), when differently graphically presented, confirm the shifting 
forwards of the cell frame in moving amoeba. It is worth to be pointed 
out in addition that the region in which these authors found no contour 
changes (A-A', B-B' in the Fig. 15 A), corresponds exactly in its topo-
graphy to the zone of attachment and of temporary fixation of the cell 
frame, as described in the present study. 

In the cine-recordings published by G o l d a c r e and L o r c h (1950) 
and republished by G o l d a c r e (1957) (Fig. 1), the autotraction of the 
cell f rame is apparently absent, but different foreign particles visible 
in the field, which should constitute the fix reference points, are not 
kept in the same place over the sequence, which proves that the po-
sitions of whole pictures have been changed in respect to one another, in 
filming or in printing. It seems interesting to check if this classical picture 
really differs from the records obtained is the present study. In the 
Figure 16 A the original prints of G o l d a c r e are redrawn, to show 
this difference which completely changes the interpretation. In the Figu-
re 16 B the G o 1 d a c r e's records, after readjusting their mutual posi-
tions in the manner to keep the outer reference points constant, have 
been graphically represented in the way adopted in the present study. 
It becomes evident that, after this correction, the G o 1 d a c r e's amoeba 
does not manifest the stationary condition of the ectoplasmic tube any 

A A' 
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Fig. 16. Th ree stages of locomotion of amoeba f r o m t h e t ime- lapse f i lm f r a m e s 
publ i shed by G o l d a c r e (1957) (Fig. 1); A — contours r e d r a w n f r o m t h e original 
publicat ion, circles connec ted wi th th in l ines ind ica te t h e posit ion of fore ign 
par t i c les iden t i f i ab le in the f ie ld ; B — contours super imposed, a n d r ead jus t ed in 

m a n n e r to keep t h e ex te rna l part icles in t h e unchang ing posi t ions 
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more. On the contrary, its cell f rame crawled forward for the first 10 s 
of recording, and moved backwards during the next 20 s period. 

R i n a l d i and J a h n are only authors who described the forward 
movement of the ectoplasmic granules, recorded on their long-exposure 
"pictographs" ( R i n a l d i 1963, R i n a l d i and J a h n 1963, J a h n 1964), 
and concluded correctly that the whole ectoplasmic tube moves forwards, 
as well in the posterior as in the anterior region of a migrating amoeba. 
The stationary zone in the mid-region of amoeba, as reported by R i-
n a l d i (1963), apparently seems to be more extended than it has been 
found in the present investigations, however, this is easily explained by 
very short exposure time (1 s vs. 20 s in this study): R i n a l d i could 
not record slow movements close to the actual stationary zone. In the 
studies of R i n a l d i and J a h n (1963), and J a h n (1964) the interpre-
tation of some movements of granules not parallel to the direction of lo-
comotion might be disputed, and this will be done in the next paper 
dealing with the non-axial movements of the cell f rame of Amoeba proteus. 
One can also disagree with J a h n (1964) that amoebae which are not 
locomoting and manifest a backward motion of the ectoplasmic tube are 
blocked "at some point", even "along the sides". As it has been demon-
strated in the present study, this effect is produced in specimens ancho-
red by the uroid or by the very tip of a growing frontal pseudopodium, 
whereas the fixation to the substrate at the intermediate regions is, on 
the contrary, a conditio sine qua non of the normal effective locomotion 
with the cell f rame crawling forwards. All these points are, however, of 
a minor importance compared with the fundamental fact that in the 
"pictographs" of R i n a l d i and J a h n a forward movement of ecto-
plasmic granules is recorded in normally migrating amoebae, which is in 
the full extent confirmed by the present study. 

The papers discussed here were subjected to a very severe and unjust 
criticism by A l l e n (1973). The opponent is right that R i n a l d i and 
J a h n were not aware of the exact position of the attachment sites of 
amoebae recorded in their "pictographs", but if so, one cannot reinterpret 
their results, as A l l e n did, when still lacking information what cha-
racter the attachment had 3. In the present study numerous observations 
and time-lapse recordings of amoebae were performed in the side-view, 
i.e., with the attachment points and the behaviour of the ectoplasmic tube 
being simultaneously under control in the same individual. They all prove 
that most of amoebae are attached by supporting knobs or pseudopodia 
located in the middle-anterior region of the body, and that in such speci-

3 Inc identa l ly , in the Fig. 7 of the pape r of A l l e n 1973 the' a t t a c h m e n t a r ea 
is d r a w n in a n overs implif ied m a n n e r not corresponding to its typical posi t ion in 
respect to t h e body ne i ther to its ac tua l conformat ion . 
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mens "forward movement of granules shown in the anterior portion of 
the gel tube demonstrates that the tube is being stretched forward" 
( R i n a l d i and J a n 1963), and not that "the ectoplasm of the ante-
rior two-thirds of the cell remains stationary with respect to the sub-
stratum" ( A l l e n 1973). 

The discovery of the forward motion of the posterior and anterior 
portions of the ectoplasmic tube, unfortunately has never been integrated 
by R i n a l d i and J a h n with the general concept of locomotion in 
amoeba 4 . Integrating point is that the limited stationary zone in the 
middle-anterior segment of the cell corresponds to the attachment sites, 
and therefore it changes continuously its position as well in respect to 
the substrate as in respect to the morphology of amoeba (but usually less 
in respect to the body length). A scheme explaining the principle of such 
behaviour is presented in the Fig. 17. The gradual shifting forwards of 
the stationary attachment zone means that, step by step, at the succes-
sive stages of its locomotion, the amoeba becomes anchored to the new 
sites on the substrate with new supporting knobs, which makes that pull-
ing of the posterior part of its cell f rame and pushing of its anterior 

Fig. 17. Schemat ic r ep resen ta t ion of t he f o r w a r d c rawl ing of the cell f r a m e of 
amoeba , as seen f r o m the side, in two successive stages of locomotion (A and B) ; 
t he a r r o w s of var iab le l eng th ref lect t h e d i f fe ren t ia ted r a t e of t h e f o r w a r d mot ion 
of t h e ectoplasmic g ranu les and of the whole contour , and the as ter isks ind ica te 
the a t t a c h m e n t zone in which the cell f r a m e temporar i ly a s sumes t h e s ta t ionary 
condi t ion ; dot ted lines connect the s ame morphological points in both successive 

stages 

4 S c h m o i l e r 1971 descr ibed <;a low ra te movement of the hya l ine ecto-
p l a s m " in Labirynthula and general ized th is f ind ing by suggest ing t h a t it may 
play some role in the locomotion of giant amoebae, according to t h e S e r a v i n ' s 
idea of mul t ip le m e c h a n i s m s of ameboid movemen t ( S e r a v i n 1965, 1967). 
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portion become locomotory effective and result in a real crawling move-
ment of the whole cell. 

The fact that the normally migrating cells usually adhere to the sub-
strate at the zone distant by about Vs of the body length from the front 
and 2/3 from the rear edge, has at least two plausible and complementary 
explanations, pertaining one to the mechanism and another to the effecti-
veness of this manner of attachment. It has been demonstrated elsewhere 
( G r ^ b e c k a and G r ^ b e c k i 1975) that the posterior 2/3 of amoeba 
undergo shortening during locomotion, and the anterior V3 is expanding. 
The imaginary borderline separating both parts is located between the 
middle and the anterior sub-regions of the trunk. In this area there is 
very little, if any, shortening or elongation of material between the sup-
porting knobs and pseudopodia, and as a consequence, the mechanism 
of their adhesion to the substrate is not counteracted by any tension de-
veloped by the cell. On the other hand, if all contracting' segments which 
are to be pulled remain behind the attachment zone, and the whole 
expanding portion which is to be pushed forwards is situated in f ront 
of it, the crawling forwards of the cell f rame is most vigourous (Fig. 1 A), 
and it can contribute in the highest extent to changing the position of the 
whole cell. In other words, amoeba usually attaches itself between the 
middle and the anterior parts of its body because this manner of adher-
ing to the substrate is the easiest one and the most efficient for locomo-
tion. 

It may be extrapolated that the crawling movement of the whole cell 
f rame becomes less efficient if the attachment zone is shifted in either di-
rection, and is temporarily located in the contracting or in the expanding 
regions of the cell. In the case of attachment at one of the extreme body 
edges (Fig. 1 B and C), the locomotion becomes completely stopped and 
the cell f rame starts to move backwards to compensate the flow of ma-
terial transported by the endoplasmic streaming. These events have been 
described in a similar manner by J a h n (1964), as a consequence of the 
relativity of motion of body layers in amoeba, and as a mechanism of 
arising of the so called "fountain streaming"'. 

This question brings us back to some generalizations advanced by 
A l l e n (1973). A l l e n is perfectly right when stating that "in an unat-
tached m o n o p o d i a l cell, the cytoplasm m u s t circulate... in order 
to satisfy the principle of conservation of mass in a closed system", but 
this does not necessarily implie that "it is failure to attach to the substra-
tum which typically produces fountain streaming", in particular in poly-
podial amoebae investigated by R i n a l d i and J a h n (1963), J a h n 
(1964), and in the present study. 

In some experiments of the present author (unpublished) the amoebae 
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were suspended without contacting the glass, in a viscous medium conta-
ining the methylocellulose and in the inuline solutions in which the 
viscosity is only very slightly altered. As a matter of fact, the ectoplasm 
of the monopodial forms flows backward in both cases, but the polypodial 
amoebae stop completely any motion, including the intracellular stream-
ing, in the methylocellulose solutions, and when suspended in the non-
viscous medium, they exhibit a variety of different non-axial movements 
but never a fountain streaming. Also S e r a v i n (1966) was unable to 
demonstrate the fountain streaming in the unattached polypodial cells. 
On the contrary, in the present study the impression of a fountain-like 
flow was produced in all cases of the backward motion of the whole cell 
frame, i.e., in amoebae temporarily attached at one of the extreme points 
of their body, most frequently at the front. This is much more in line 
with the description given to the "fountain streaming" by J a h n (1964). 
The general conclusion from the present side-view observations and re-
cords is that the apparent fountain in the polypodial amoebae is typically 
produced not by a failure to attach, but by an attachment effected at the 
very tip of a frontal pseudopodium which makes it unable to advance in 
spite of its growing on. It should be stressed again that this phenomenon 
is typical for pseudopodia of polypodial specimens without frontal caps, 
but the presence of such caps either in the form of native vacuoles (K o-
r o h o d a and S t o c k e m 1976) or af ter injection of oil droplets (G r q-
b e c k a in preparation) produces a fountain-like streaming also in non-at-
tached pseudopodia. 

The usual crawling forwards of the cell f rame of an amoeba normally 
attached to the substrate is better pronounced in the body segments 
which are more distant from the attachment zone. It may be explained 
by two complementary reasons. The rear edge of the uroid is pulled 
faster than any other more proximal segment of the contracting part of 
the trunk, because its forward movement is due to the summarized 
effects of shortening of all the sub-regions separating it from the attach-
ment sites. The second contributing factor is the longitudinal gradient of 
the contraction rate ( G r ^ b e c k a and G r e b e c k i 1975). The reasons 
of the differentiated speed of crawling forwards of the anterior portion of 
the cell f rame look more complicated because their explanation probably 
depends on the nature and the means of transmission of the forces which 
are pushing the ectoplasmic tube in f ront of the attachment zone. 

A tentative answer only could be given yet to this last question. The' 
most plausible explanation for the expansion and pushing forwards of the 
anterior portion of the cell f rame seems to be the hydraulic and/or me-
chanical pressure exerted directly on the tips of advancing pseudopodia 
by the abutment of the endoplasmic streaming. From the tips, the ten-

11 — Acta Protozool. 15/2 
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sion would be transmitted backwards through the ectoplasmic tube which 
should result in stretching it. In the posterior 2/3 of amoeba, the pulling 
force seems to be transmitted, from the attachment zone up to the rear 
edge of the uroid, mostly by the ectoplasmic tube itself. However, also in 
this part of the body some additional transmission of the force through 
the endoplasm could not be completely excluded, either in the form of 
a hydraulic under-pressure generated by the outflow of endoplasm or in 
the form of mechanical dragging accompanying the recruitment of the 
ectoplasmic elements into the endoplasmic stream. 

RÉSUMÉ 

La locomotion des amibes é ta i t enregis t rée par les techniques de la pho tograph ie 
à l 'exposit ion double et à l 'exposi t ion prolongée, ainsi qu ' en c inématograph ie à ca -
dence ra lent ie . Les observa t ions et les pr ises de vue se fa i sa ien t su r les p l ans ho>-
r izontal et ver t ica l (vue de profi l) . Les individus étudiés res ta ient tous b ien a t t achés 
à la su r face du fond, e t n ' é ta ien t soumis à aucune s t imula t ion . L 'adhés ion à la 
sur face s 'e f fec tue le plus souven t p a r l ' in te rmédia i re des p roéminences du t ronc ou 
des pseudopodes localisés su r l e côté "ven t ra l " de la cellule, d a n s u n e région 
éloignée app rox ima t ivemen t de 1/3 de la longueur du corps du f r o n t de l ' amibe e t 
de 2/3 de son ex t rémi té postér ieure . Cette m a n i è r e d ' a t t a chemen t se t r o u v e la plus 
eff icace p o u r la locomotion. 

Le t u b e ec toplasmique n 'est pas immobile . Dans les condi t ions d 'adhés ion 
décri tes ci-dessus, il subi t le raccourcissement , et par conséquence u n e t rac t ion 
vers l ' avant , dans les régions de la cel lule s i tuées der r iè re la zone d ' a t t achement , 
et devan t cet te zone il s 'a l longe ce qui le repousse vers le f ron t . Ce m o u v e m e n t 
peut ê t r e révélé sous la f o r m e du dép lacement des granules f a i s a n t p a r t du t ube 
ectoplasmique, et sous la f o r m e des changements de posi t ion de tou t le contour 
ex tér ieur de l 'amibe. L 'ec top lasme devient passagèrement immobi le s e u l e m e n t pour 
une b rève période, dans la zone assez l imitée qui, pour le m o m e n t donné, res te 
a t t aché à la su r face du fond. Cette zone, tout en gardan t les d is tances peu var iab les 
qui la séparen t du f ron t et de l 'uroïde, néanmoins change con t inue l l ement sa posi-
tion, aussi bien pa r r appor t au mil ieu ex té r ieur que par r appor t a la morphologie 
dynamique de l 'amibe. A u t r e m e n t dit, la cellule s ' a t tache d ' un m o m e n t à l ' au t re , 
dans d ' au t res endroi ts du fond et par d 'au t res proéminences de son corps. L e ré-
su l ta t qui s 'ensui t est un vé r i t ab le m o u v e m e n t r a m p a n t de tou te la s t r u c t u r e se-
mi-r igide e n c a d r a n t la cellule, e f fec tué dans la direction con fo rme avec le sens de la 
locomotion. 

Les individus qu 'on t rouve sporad iquement a t tachés p a r l 'uroïde, ou p lus souvent , 
pa r l ' ex t rémi té d ' un pseudopode f ron t a l en croissance, sont r e n d u s incapab les du 
m o u v e m e n t progressif , et p o u r compenser le couran t de leur endoplasme, tou t l e 
cadre semi-r ig ide de la cellule se me t à r a m p e r vers l 'arr ière . L ' image qui en r é su l t e 
produi t l ' impress ion d ' une circulat ion du cytoplasme connue dans la l i t t é r a tu r e 
sous le nom du cou ran t en fon ta ine . Le phénomène n'est q u e t e m p o r a i r e e t il est 
tou jours suivi par le r e - a t t a c h e m e n t normal , après quoi le cad re semi-r ig ide de la 
cellule r ep rend son m o u v e m e n t r a m p a n t progressif. 
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EXPLANATION OF P L A T E S I - X 

i : F r a m e f r o m a t ime-lapse f i lm sequence taken in the s ide-view th rough a sys tem 
of t w o mir rors . The amoeba migra tes f ree ly on the bo t tom of a cr is ta l l izat ion 
vessel. The u p p e r image shows its real position, and the lower one is i ts secondary 
mi r ro r ref lect ion. The cell is touching the subs t ra te in the places in wh ich both 
images converge. In the specimen shown o n t h e picture, the midd le -an te r io r a t -
t a chmen t point has been s tab le over the sequence, and the uroid w a s gl iding 
agains t t h e glass 
2-7: Double-exposure records of t he posterior body pa r t s of mov ing amoebae . T h e 
subt le g ranu la ted contours represen t the initial position, and t h e overexposed w h i t e 
ones correspond to t h e position assumed 20 s la ter 
8-9: Double-exposure records of the an te r ior body pa r t s of t w o amoebae . The ini t ia l 
contours overexposed 
10-15: Movemen t of ectoplasmic granules in the advancing f r o n t a l pseudopodia as 
recorded w i t h t h e exposure t i m e of 20 s. Rest ing granules a r e seen only on s o m e 
pic tures a t t h e basis of t h e pseudopodium 
16—17: Long-exposure records (20 s) of t w o complete amoebae showing a low degree 
of polypodiali ty. S ta t ionary granules are seen only in a l imited midd le -an te r io r zone 
18: Two s ta t ionary zones a r ranged in paral le l in a specimen dichotomical ly b r a n -
ched. Beside them, the ectoplasmic granules move forwards , as wel l in the common 
tail a s in all t h e advanc ing pseudopodia 
19-25: Long-exposure p ic tures showing the middle-an ter ior posi t ion of t h e t e m p o -
ra ry s ta t ionary zones in d i f fe ren t polypodial individuals , and t h e f o r w a r d mot ion 
of t h e ectoplasmic tube in t h e more posterior and in t h e more f r o n t a l body regions 
26: La rge s ta t ionary zone, and more l imited a r e a s of t he f o r w a r d m o v e m e n t of t h e 
ectoplasmic t u b e in t h e tail and a t the f ront , in a f la t tened spec imen w i t h b road 
lobose pseudopodia 
27-28: Double-exposure p ic tures showing the b a c k w a r d mot ion of t h e cell f r a m e 
in the whole individual , and in a b ranched f ron ta l pseudopodium of ano ther speci-
men. T h e g ranu la ted contours represen t t he initial si tuation, a n d t h e w h i t e ones 
w e r e recorded 20 s later . Ar rows indicate growing pseudopodia w h i c h a r e keep ing 
an unchanged posit ion of the i r t ips 
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Department of Cell Biology, M. Nencki institute of Experimental Biology, 
02-093 Warszawa, Pasteura 3, Poland 

M a r e k D O R O S Z E W S K I and S t a n i s ł a w D R Y L 

Motor Response of Dileptus anser and Dileptus anatinus 
to Cell Bisection 

Synopsis. I n Dileptus anser a n d Dileptus anatinus a p p r o x i m a t e l y 90°/o of 
t es ted a n i m a l s s h o w e d r e v e r s a l of c i l i a ry b e a t a f t e r cu t p e r f o r m e d 
w i t h i n f r o n t a l q u a r t e r of t h e cell, w h i l e cell f r a g m e n t s ob t a ined t h r o u g h 
cu t w i t h i n pos te r io r q u a r t e r of t h e c i l ia te r e s p o n d e d w i t h c i l ia ry b e a t 
in n o r m a l , b a c k w a r d d i rec t ion . No p r e f e r e n c e of a n y c i l ia ry r e s p o n s e 
could b e f o u n d in t h e i n t e r m e d i a r y reg ion b e t w e e n a n t e r i o r a n d p o s t e r i o r 
q u a r t e r of t h e cell body . T h e ach ieved r e s u l t s c o n f i r m t h e o c c u r r e n c e of 
d e f i n i t e zones of m o t i l e r eac t iv i ty in Dileptus exposed t o m e c h a n i c a l 
s t imu la t i on . 

The problem of localization of motor response areas in ciliates to 
external stimuli has been since long time an object of interest among 
protozoologists. It is connected with the important question of postulated 
occurrence of specific systems of reception to various stimuli in unicellu-
lar organisms ( D r y l 1974). It is worth to note that as early as A l v e r -
d e s (1922 a, b) suggested localization of "senses" in protozoa, giving as 
a proof the differences in observed behaviour of Paramecium cell f rag-
ments in response to external stimuli. His view was criticized by 
K o e h l e r (1934) who argued that reactions of intact animals and their 
fragments showed no essential differences. H o l m e s (1907) observed 
ciliary reversal (CR) in Loxophyllum as response to cuts performed in 
the anterior part of the cell body. In extensive studies on response of 
Dileptus cell fragments to mechanical stimuli D o r o s z e w s k i (1962, 
1963 a, b, 1965, 1968, 1972) proved that their anterior fragments react — 
as a rule — by backward movement i.e., CR, while posterior fragments 
exposed to water shake or other mechanical stimuli, showed normal for-
ward movement (FM). The aim of the present study is to check the lo-
calization of reception areas to mechanical stimulation in those species 
of Dileptus where this problem is less known, 
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M a t e r i a l a n d M e t h o d s 

The expe r imen t s were carried out on the s t ra in of Dileptus anser (O. F. M.) 
and D. anatinus Gol ińska which h a v e been isolated f r o m na tu ra l popula t ion in 
the ne ighbourhood of W a r s a w and cult ivated dur ing severa l years in t h e Depar t -
m e n t of Cell Biology, M. Nencki Ins t i tu te of Expe r imen ta l Biology, Warsaw. The 
ciliates w e r e kep t in Fr ingsheim's m e d i u m and w e r e fed wi th Colpidium colpoda. 

In each s t r a in of Dileptus 300 microsurgical cuts we re pe r fo rmed in var ious 
regions of cell by means of a meta l microneedle. T h e an imals w e r e placed in 
a small quan t i ty of Pr ingsheim's m e d i u m (ca. 0.2 ml), sur rounded by p a r a f f i n oil 
to avoid drying. 

According to terminology introduced by D o r o s z e w s k i 1963, the t e r m "Back-
w a r d Response A r e a " (BRA) was used for t he region of cell w h e r e t h e response 
to cut t ing appea red as CR, whi le the t e rm "Forward Response Area" (FRA) w a s 
appl ied to t h e cell region in which t h e react ion w a s mani fes ted as FM. T h e occur-
rence of a given react ion in the determined cell region in a t least 90°/o of examined 
individuals was considered as a cri terion fo r de te rmina t ion of specific zones of 
reactivity. The cell region which did not show pre fe rence for any of above m e n -
tioned responses, w a s called " In te rmediary Response A r e a " (IRA). 

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

According to the applied criterion ol reactivity in two investigated 
species of Dileptus, three groups of cell fragments could be distinguished 
(Table 1): 

Table 1 
Motor Reactions of Dileptus anser and Dileptus anatinus to Cell Bisection 

Dileptus anser Dileptus anatinus 
Group of animals 

CR FM CR FM 

Group I 91 9 94 6 
Group 11 62 38 55 45 
Group III 5 95 7 93 

Group I — 100 animals bisected within' 'Backward Response Area", localized within anterior quarter of cell; 
Group II — 100 animals bisected within "Indifferent Response Area", localized within two middle quarters of cell; 
Group III — 100 animals bisected within "Forward Response Area", localized within posterior quarter of cell; CR — 
Ciliary Reversal Response; FM — Forward Movement Response. 

Numbers of operated animals, showing specific motor reactions to cell bisection, are presented in the appropriate co-
lumns. 

Group I — Cell fragments produced by cuts performed within ante-
rior quarter of animal with reactions characteristic for BRA. 

Group II — Cell fragments produced by cuts within two middle quar-
ters of animal with reactions characteristic for IRA. 

Group III — Cell fragments produced by cuts within posterior quarter 
of animal with reactions characteristic Cor FRA. 
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In the group I the backward movement of amputated proboscis and 
of anterior fragments were of short duration and followed irregular cur-
ves, while CR of posterior fragments occurred along more or less regular 
spiral tracks and lasted much longer. These differences may be connected 
with a different conductivity of impulses within cell membrane to an-
terior and posterior pole of the ciliate in some analogy to homodromal 
and antidromal conductivity in the nerve cells. 

The posterior fragments in Group I and II frequently showed not only 
CR but also nutational movements in form of alternately appearing left-
and right-handed spiralling movement. In group III the typical response 
of both cell fragments to bisection was FM with no CR at all. 

The motor reactivity within different regions of bisected cells of two 
Dileptus species is presented in Fig. 1. The zones BRA and FRA proved 

Fig. 1. Localization of motor react ivi ty to cell bisection in Dileptus anser (A) and 
Dileptus cinatinus (B). 1 — Backward Response Area, 2 — In t e rmed ia ry Response 

Area, 3 — F o r w a r d Response Area 

to be little more extensive in Dileptus anser than in Dileptus anatinus, 
which is characterized by relatively vast area occupied by IRA. 

The established motor response areas in Dileptus to bisection corre-
spond almost exactly to the analogous response areas observed in non-
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operated animals as concerns their reaction to other mechanical stimuli, 
like puncture or touching with a microneedle ( D o r o s z e w s k i 1S63, 
S e r a v i n 1963). Both cell fragments produced by microsurgical cuts 
display analogous reaction and this seems to prove that the sensitiveness 
to mechanical stimuli characteristic for intact animals, persists initially 
in the new-formed fragments and that the differences in reactivity within 
anterior and posterior end of fragment reappear again parallel to post-
traumatic regeneration process occurring in the cell body after operation. 

It is worth to note that more recently N a i t o h and E c k e r t (1969) 
also demonstrated differentiation of susceptibility to mechanical stimuli 
within anterior and posterior ends of Paramecium. The mechanical sti-
mulation of anterior region of Paramecium evoked CR response which 
was associated with depolarization of the cell membrane, while more 
strongly expressed ciliary movement in the normal direction caused by 
mechanical stimulation of posterior end of Paramecium was connected 
with short-lasting hyperpolarization of the cell membrane. 

ZUSAMMENFASSUNG 

Es w u r d e festgestel l t in Dileptus anser und D. anatinus, dass nach einem im 
Bereich des vorderen rU Teiles des Zell K ö r p e r s d u r c h g e f ü h r t e n Schni t tes 90% der 
Tiere e ine Rückwär t sbewegung vorweisen, w ä h r e n d die Zellteile, die nach e inem 
Schni t t im Bereiche des h in te ren Körper te i les en t s tanden — mit e iner normalen 
Vorwär t sbewegung reagierten. Nach e inem Schni t t in mi t t le ren Zellteilen ke ine 
der a n g e f ü h r t e n Bewegungsreakt ionen bevorzugt wurde . Diese Ergebnisse bestät igen 
das V o r k o m m e n der bes t immten Zonen der Bewegungsakt iv i tä t von Dileptvs Zell-
ober f l äche als Reakt ion auf mechanische Reize. 
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