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S t e f a n R A D Z I K O W S K I * 

Study on morphology, division and postconjugation 
morphogenesis in Chilodonella cucullulus (O. F. Miiller) 

B a d a n i a n a d m o r f o l o g i ą , m o r f o g e n e z ą p o d z i a ł o w ą i p o s t k o n j u g a c y j n ą 
Chilodonella cucullulus (O. F. Muller) 

Chilodonella cucullulus (O. F. Muller , 1786) is a species of f r e sh and brackish 
wa te r s . T h e classical s tudies of its morphology and morphogenesis carr ied out 
by F a u r e - F r e m i e t (1950) fa i led to give a fu l l p ic ture of morphogenesis in 
division and conjugat ion. A more detai led analys is of those processes has been 
the sub jec t of the present s tudy. 

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

Ma te r i a l fo r s tudy w a s collected in the sewage p lant at Otv/ock near War -
szawa. Protozoa w e r e g r o w n on a nu t r i en t of a fol lowing composition: NaCl — 
2 g, K H P 0 4 — 0.5 g, a rabie g u m — 5 g, w a t e r — 1000 ml. Nutr i t ion was sup-
p lemen ted b y yeast . Observat ion of l iving ma te r i a l was car r ied out using the 
nega t ive phase contras t optics. P e r m a n e n t p repara t ions were impregna ted fol-
lowing the d r y s i lver impregna t ion method of K l e i n . 

R e s u l t s 
Morphology 

T h e protozoon is f l a t t ened dorso-ven t ra l ly and measuers 100—150 ^ in 
leng th and 40—50 M- in wid th . Ci l ia ture occurs on the ven t r a l side and is a r r a n -
ged in two sys tems: the l e f t and the r igh t one, in a joint n u m b e r of 18—21 
kineties. In the an ter ior body par t , on its ven t r a l side is a cytostome which is 
suppor ted b y 10—14 tr ichi ts p roduc ing a basket . The an ter ior pa r t of cytostome 
is s u r r o u n d e d by 2—3 shor t buccal kineties. Kinet ies of the r ight side — 8—11 
in n u m b e r — of d i f f e r en t size, in the an te r io r body par t , reach an ter ior ly as 
fa r as t he p r eo ra l k ine ty which runs f r o m the cytostome obl iquely to the l e f t 
side. On the r igh t side t he re is the k ine ty x which arises de novo a short t ime 
prior to the division ( C h a t t o n et L w o f f 1931) in Chilodonella uncinata. 
During t h e division, it sh i f t s to the dorsal side, producing the " t ransverse kine-
ty" in the an te r io r body pa r t . The n u m b e r of the le f t side kinet ies f luc tua tes 
f r o m 10 to 13 Those kinet ies a re va r iab le in length. Since the n u m b e r of kinet ies 
is va r iab le and there is no possibil i ty of the i r n u m b e r i n g — the re will be m a r -
ked by n u m b e r s only these the segments of which sh i f t in morphogenesis . 
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90 S . R A D Z I K O W S K I 

Morphogenesis 

The f irs t signs of the approaching division are: the increase of body size, 
the increase of number of basal corpuscles in kineties ( D o b r z a ń s k a - K a -
c z a n o w s k a 1963) and format ion of the kinety x (Fig. 1 A) Division begins 
with bending of kineties B, C in the middle region of protozoon (Fig. 1 B, PI. I 1) 
and with differentiat ion of the area between the kineties A and B. At that t ime 
the whole zone becomes concave. K a n e d a (1960) called this zone the cytosto-
matogenic field, and F a u r é - F r e m i e t (1948) — the embryonic area. An 
increase in number of meshes of the argyronymal ne twork between the kine-
ties A and B may also be observed. This fact suggests the increase of surface 
at this zone as well as increase of number of basal corpuscles in kineties B, C, D 
(PL I 1) Subsequently the kineties A, B, C break off — the kinety A in one — 
and kineties B and C in two places (Fig. 1 C). In these segments occurs an 
alteration of the ciliary movement : f rom the metachronal to the membranel iar 
one. As a result, two segments Bi and Cx arise. Sometimes a thi rd segment Dx 
arises of the kinety D. It subsequently joins the buccal ciliature. 

About that t ime the basket is also detached and shifts inside the cytoplasm. 
After this period, formation of new basket rudiments in prother and in opisthe 
(Pl. I 4) may be observed in fo rm of rosettes composed of very small trichits. 
On the apical par t of each trichit two ellipsoid corpuscles are present, connected 
with the trichit by means of two thin fibers. Those corpuscles (de P u y t o r a c 
1964) originate f rom the basal corpuscles. During morphogenesis trichits un-
dergo contortion to the left . 

The next stage is the breaking of kinety A in several points. As result, se-
veral segments arise: segment A2 which gets folded, segment A2, as well as seg-
ment A3 and A4. The segment A3 may arise in the course of division however 
this is not a rule (Fig. 1 D). The segments Bx and Cx and sometimes D1( shift 
by a rotatory movement round the newly formed trichits and become located 
in f ron t of them (P. 14, 5) D o b r z a ń s k a - K a c z a n o w s k a 1963), (Fig. 1 E 
However the segment Ax is shi f ted f rom between the kineties A2 and B2 of the 
opisthe to the ends of the segments B2 and Cx (Pl. I 5). At this phase the division 
fu r row appears on the dorsal side and the breaking of kineties of the left side may 
be observed. The segment A1 shif ts to the left side and straightens producing the 
preoral kinety of the opisthe. This is in agreement with the findings of F a u -
r é - F r e m i e t 1961, (Pl. I 6, II 7, 8, Fig. 1 F). The segment A3 is not involved 
in the rotatory movement but shif ts to the segment C and joins the buccal 
cil iature (Fig. 1 E, F). At this t ime the basal corpuscles in the middle par t of 
the r ight system kineties increase in number and allomatric growth of 
kineties is observed. Finally the opisthe is orientated at an angle towards the 
prother )Fig. 1 I). 

As the division fu r row deepens, the segments x shif ts to the dorsal side and 
produces the t ransverse kinety (Fig. 1 H). This period is characterized by a dec-
line of the movement synchronization. In result the protozoa detache f rom 
each other. The superior segments of the kineties A, B, C, which have been 
t ransmit ted to the prother, grow up and produce the kineties A, B, C, of the 
prother . In contrast to this, the kinety A arises of the segment A4 which shifts 
to the r ight side near the segment A2 and grows up to its normal size (Fig. 1 
D—J). The kinety B of the opisthe is formed f rom the segment A2, kinety C 
f rom the segment B2 etc. The above process is a result of the fact tha t the 
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A. Situation of kineties on the ventral side, B. Bending of kineties B, C. C. Forma-
tion of segments Bu C1 and B2, C2. D. Differentiation of segments Au A2, A3. E. Shif-
ting of segments Bu Cu folding of segment A^. F. Shifting of segment Ax from seg-
ments Bu Cj and B2, C2. G. Formation of the new buccal ciliature. Segment Az takes 
position on the side of segment Cv Further shifting of the segment Av H. Formation 
of the preoral kinety of the segment Ax. Position of protozoa at an angle. I. Position 

of the kinety x (dorsal side) 
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kine ty K (Fig. 1 A—I) has not been divided by the f u r r o w and remains in the 
pro ther . This process of fo rma t ion of kinet ies of the l e f t side of the opis the 
makes thei r n u m b e r even wi th t h a t of the p ro the r and causes t h e m to shiff 
the i r posi t ion to the le f t by one step at each division. Thus the r ightomst k ine ty 
(of the le f t side) becomes the le f tmos t a f t e r some 11—12 division. In a f e w 
cases when the segment A4 fa i ls to arise, t he k ine ty A of the opis the is fo r -
m e d t h e segment A2, k inety B — f r o m the segment B2 etc. Then the opis the 
contains one k ine ty less t h a n the pro ther . 

Conjuga t ion 

The f i rs t s tage of conjugat ion is the un ion of cytostomes of bo th pa r tne r s . 
A f t e r a short t ime the i r movements a re synchronized Prepara t ions of this con-
jugat ion period show tha t t h e meshes of t he a r g y r o n y m a l ne twork of bo th 

Fig. 2. Chilodonella cucullulus (O.F. Miiller), postconjugation morphogenesis 
A. Position of protozoa during conjugation, B. Differentiation of the segments Au A2 
and approaching of the superior parts of kineties B, C, to one another. C. Folding of 
the segment At. Differentiation of segments Blt Cj and B2, C2. D. Shifting of the seg-
ment Ax towards the ends of segments Bu C1. Fragmentation of the old preoral 

kinety. E. Formation of the new preoral kinety from the segment Ax 
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par tners are connected (PI. II 9). Similar pictures were found by K l e i n 1928 
in Chilodonella uncinata. 

The protozoa remain at this stage for about 24 hrs. Af ter 18 hrs. of union, 
the old baskets detach and become shifted inside the cytoplasm. Then the two 
buccal kineties disappear. On the f ree space arise the pr imordia of trichits 
of the new basket in the same manner as it occurs in division. The kinety mar -
ked as A breaks in its middle par t and its superior segment Ax is folding (Fig. 
2 B, PI. I l l 10). The segment Ax may also arise f rom the inferior par t of the 
kinety A and the segment A2 f rom its superior part, The kineties B and C ap-
proach each other and break in their superior part , cutting off the segments Bx 
and Ci (Fig 2 C, PI. I l l 11) which subsequently shif t by a rotatory movement 
upon the trichits of the newly formed basket (Fig. 2 D, PI. I l l 12). The position 
of the segments B2 and C2 remains unalterd. At this thime, in the major i ty of 
cases, separation of both par tners occurs. In each of them the segment Ax beco-
mes displaced f rom the segments A2 and B2 to the lef t side similarly as in 
division, producing the preoral kinety (PI. I l l 13). It takes place on the side of 
the old one (Fig. 2 D, E) which disappears in the course of the f irs t postcon-
jugation division. The segments A2, B2, C2 grow up by increase of the basal 
corpuscles in the upper part , producing the kineties A, B, C. The kinety A may 
break into four segments i.e. Ax, A2, A3 and A4 s imilarly as it occurs in division 
of the opisthe. Consequently the post-conjugant has one kinety more f rom the 
segment A4 than in the former case. In result the cilliate has one kinety more 
than before conjugation. 

Besides the normal conjugation in Chilodonella cucullulus occurs also ano-
ther type of conjugation in which major par t of one par tner is absorbed by the 
other. Two individuals join by their buccal apertures — like in the normal con-
jugation — then the area of their junction enlarges. Subsequently a flow of cyto-
plasm into one of the par tners occurs which results in a regular shortening of 
kineties and diminution of the surface of conjugant (PI. IV 14—17) the other. 
Duration of this type of conjugation form the moment of junction up till the 
complete absorption amounts about 8 hrs. A similar course of conjugation was 
also observed by N o 1 a n d 1927 in Metopus sigmoides and by H e c k m a n n 
1965 in Urostyla hologamma. This is the so-called total conjugation. 

D i s c u s s i o n 

The above observations seem to indicate that the initial moment of division 
as well as of format ion of the new buccal ciliature is the isolation of the area 
between the kineties A and B. During the division this moment can be stated by 
the number of meshes of the argyronymal network since their number increases 
at this period. The number of basal corpuscles in the segments Bi and Cx 
increases also which is in conformity with the observations of D o b r z a n -
s k a - K a c z a n o w s k a 1963. However the isolation of a similar area in con-
jugation occurs in a slightly di f ferent manner : it is preceded by disappearing 
of two buccal kineties and displacing of the basket inside the cytoplasm. 

At those areas, in division as well as in conjugation, trichits of the new 
baskets — a more stiff element — are formed. According t o d e P u y t o r a c 
1964 in Prorodon viridis the rudiments of trichits initiate f rom the basal cor-
puscles arising in this zone. K a n e d a 1960 in Chlamydodon pedarius determi-
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ned all th is a rea as the cytostcmatogenic f ield whereas F a u r e - F r e m i e t 
1948 suggested tha t these a re the embryonic areas pe r fo rming a role of organizer. 

It m a y be p re sumed tha t this a rea exer t s also an in f luence upon the neigh-
bour ing kinet ies e.g. in the case of sh i f t ing of the segments Bx and C^ which 
somet imes concerns also the segment Dj. I suppose also tha t this inf luence may 
account fo r fo rmat ion of the segment Ax of var ious length in d i f f e r en t indivi-
duals. Possibly the movements which t ake place in this a rea dur ing conjugat ion, 
a r e morphogenet ic movement s wi th a cer ta in degree of independence. 

In division however , the displacing of segments exer t s inf luence upon inci-
sing of the division f u r r o w . It would be interes t ing to fo l low this process in 
regenera t ion. Incising of the division f u r r o w f r o m the r ight side and smoothe-
ning of kinet ies over the p reora l kinet ies a re evoked by the a l lometr ic g rowth 
of the r ight side kineties, i. e. t he most ex te rna l kineties show the highest in-
crease in size. The increase of kinet ies diminishes towards the le f t side of pro-
tozoon. T h e existence of zones of d i f f e r en t intensi ty of increase was ascertained 
also by D o b r z a ń s k a - K a c z a n o w s k a 1965 in Chilodonella cucullulus. 

Shi f t ing of t he segment x to the dorsal side depends also on the division 
f u r r o w in which it is displaced to the anter ior pa r t of t he body. 

S u m m a r y 

In Chilodonella cucullulus (O.F.M.) the d i f fe ran t ia t ion of the a rea a t which 
the adora l and preora l kinet ies a re to ar ise is the init ial momen t of division 
as wel l as of fo rmat ion of the n e w buccal c i l ia ture in post -conjugants . It is 
f o r m e d in a d i f fe ren t m a n n e r in both cases. In division it occurs by an increase 
of sur face and in conjugat ion by d isappear ing of the old buccal kineties. It is 
suggested t h a t this area exer t s in f luence upon the su r round ing kineties. Move-
men t s occurr ing in this a rea a re morphogenet ic movements . The total conjuga-
tion was also observed in Chilodonella cucullulus. 

STRESZCZENIE 

U Chilodonella cucullulus (O. F. M.) momentem początkowym podziału, jak rów-
nież powstawania nowego urzęsienia gębowego u postkonjugantów, jest wyodręb-
nienie się pola na którym tworzyć się będą kinety adoralne i preoralna. W obu 
przypadkach pole to tworzy się w odmienny sposób. W czasie podziału — przez 
przyrost powierzchni, a w czasie konjugacji — przez zanikanie starych kinet gębo-
wych. Autor sugeruje, że pole to wywiera wpływ na otaczające kinety. Ruchy za-
chodzące na tym polu są ruchami morfogenetycznymi. 

Autor obserwował u Chilodonella cucullulus występowanie konjugacji totalnej. 
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EXPLANATION OF PLATES I—IV 

Chilodonella cucullulus (O. F. Muller) 

Division 
1: Bending of kineties B and C, formation of stomatogenic area 
2: Further stage of bending of kineties 
3: Breaking of kineties A, B, C 
4: Formation of the rudiment of the new basket 
5: Shifting of the segments B lt Cx and of the segment Aj 
6: Straightening of segment Aj 
7: Further stages of straightening of segment Aj and breaking of the right side 
kineties 

Conjugation 
9: Place of junction of the conjugants 

10: Formation of the segment A1 and its folding 
11: Differentiation of segments Bj, Cj 
12: Shifting of segments B1( Cj 
13: Formation of the preoral kinety from segment A1 
14, 15, 16, 17: Consecutive stages of total conjugation. 
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M a r i a W O L S K A 

Study on the family Blepharocorythidae Hsiung 
I. Preliminary remarks 

B a d a n i a n a d r o d z i n ą Blepharocorythidae H s i u n g I. W i a d o m o ś c i w s t ę p n e 

The s tudy on the representa t ives of the genus Blepharocorys was ini t iated 
by F i o r e n t i n i 1890,4 who described two n e w species of ciliates f r o m the 
horse intest ine: Diplodinium uncinatum and Entodinium valvaturn. 

B u n d l e 1895 described Blepharocorys jubata f r o m horse coecum and 
t r a n s f e r r e d the two above species of F i o r e n t i n i to the genus Blepharocorys 
which was es tabl ished by himself . 

Subsequent ly o ther species w e r e included to the genus Blepharocorys: 
B. equi Schumacher , 1915 (synonym of B. uncinata according to H s i u n g 
1930 b, and S t r e 1 k o v 1939), B. curvigula Gassovsky, 1918, B. micorocorys 
Gassovsky, 1918, (considered by H s i u n g as a synonym of B. valvata, and 
raised to the range species again by S t r e l k o v 1939), B. augusta Gassov-
sky, 1918. 

D o g i e 1 1926 descibed B. bovis f r o m the catt le rumen . The some species 
was r epor t ed previously by J a m e s o n 1925 as Charou ventriculi. S t re lkov 
1939 t r a n s f e r r e d the species of J a m e s o n to the genus Blepharocorys, and in 
this w a y the n a m e B. bovis became a synonym of B. ventriculi (Jameson). 

H s i u n g 1930 b descr ibed B. cardionucleatum f r o m the horse colon. 
S t r e l k o v 1939 t r a n s f e r r e d the species Ochoterenaia appendiculata described 
by Ch a v a r i a 1933, to the genus Blepharocorys. 

The genus Blepharocorys Bundle was included to the f ami ly Chiliferidae 
Buetschli, 1887 by H i c k s o n 1903, whereas P o c h e 1913 included this genus to 
the fami ly Colpodidae. D a C u n h a 1917 establ ished the f ami ly Paraisotrichidae 
and included the genus Blepharocorys into it. H s i u n g 1929 establ ished a n e w 
fami ly Blepharocoridae for the genus Blepharocoris Bundle nad Charon 
Jameson. S t r e l k o v 1939 gave a new name Charonnautes ins tead of the 
Charon because the type-species of this genus — Charon ventriculi J ameson — 
showed all the charac te rs of the genus Blepharocorys and was included to it, 
whereas Charon equi described by H s i u n g 1930 a d i f fe red dist inct ly f r o m 
the represen ta t ives of the genus Blepharocorys. 

Ciliates of the genus Blepharocorys occur in the coecum and colon of Equi-
dae (except B. ventriculi which occurs in cat t le rumen) . As to the genus Cha-
ronnautes — Ch. equi Hsiung, 1930 it occurs in horse coecum and Ch. nuda 
Hsiung, 1932 — in r u m e n of cattle. 
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The f a m i l y Blepharocorythidae has been included to t h e o rde r Trichosto-
mata bu t — as m a n y famil ies of this o rder — wi thou t suf f ic ien t documentat ion. 
F a u r é - F r e m i e t 1963 stressed the necessity of a detai led revision of seve-
ra l famil ies included into the order Trichostomata. The same concerns the fa -
mi ly Blepharocorythidae. The silver impregnat ion method has not been appl ied 
as yet to any species of this family . 

In the present s tudy, an a t t empt was made to examine the in f rac i l i a tu re of 
represen ta t ives of the fami ly Blepharocorythidae by means of s i lver impregna -
tion method, and to fol low the division morphogenesis , in o rder to obtain some 
da ta which might be u se fu l for a more detai led character is t ic of this f ami ly and 
its adequa t e classification. 

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

Mater ia l was provided f r o m the content of horse coecum (of the Łódź dis-
trict) and f r o m tha t of horse colon (of the Warszawa district), two samples of 
t he la t ter were k ind ly o f fe red to m e by prof. dr. Mar i an Rybicki f r o m the Zo-
ological Inst i tute , Univers i ty of Warszawa. 

Ciliates were f ixed in 10% fo rma l in and coated l^y a l aye r of gelat ine on 
the slide fol lowing C h a 11 o n, and impregna ted subsequen t ly w i t h ammoniaca l 
s i lver solution of R i o H o r t e g a o r o f B i e l s z o w s k i . 

Fol lowing species had been examined in this s tudy : Blepharocorys uncinata 
(Fior.), B. valvata (Fior.), B. jubata Bundle, B. curvigula Gass., B. augusta Gass. 
Other species of the s ame genus a re ve ry r a r e in the horse intest ine. Detai led 
descr ipt ion of these species based on silver impregna t ion method, wi l l be repor -
ted in the course of subsequent s tudy. In the p resen t communicat ion, only some 
data have been discussed which complement the character is t ic of the genus 
a n d are of essential importance. 

R e s u l t s 

The character is t ic of the genus Blepharocorys is as follows. T h e assymetr i -
cal, non-contract i le , e longated body is f l a t t end la tera l ly . On the an ter ior end of 
the body, the so called f ron ta l append ix (helmet according to G a s s o v s k y) is 
p resen t wh ich l imits the buccal ove r tu re on the dorsal side. T h e ci l ia ture is 
reduced to two zones on the an ter ior body pa r t (one on the f r o n t a l appendix , 
ano ther one a round the buccal ove r tu re on the so called ven t r a l lip), and to 
a group of aboral cilia on the posterior pole. Besides those c i l iary groups, the 
buccal depression (called by H s i u n g and S t r e l k o v — ves t ibulum) is coa-
ted by ci l ia ture as wel l as the „ p h a r y n x " — a long tubu le connected wi th the 
buccal depression. S t r e l k o v applies the t e rm , ,glotka" (pharynx) to it and 
H s i u n g calls it „oesophagus". T h e ana l tubule is wel l m a r k e d on the poste-
r ior body end. The single contract i le vacuole is nea r the ana l tubule . 

It should be s t ressed however t ha t the t e rm „ves t ibu lum" has in this case 
not the s ame mean ing in which it is p resent ly used fo r de te rmina t ion of the 
concavi ty occurr ing in Trichostomata. The t e rm „oesophagus" used in a meaning 
no t precisely de te rmined should be postponed in the descr ipt ion of ciliates. 
For character iza t ion of t he buccal appa ra tu s of the ciliate, 5 t e r m s of C o r l i s s 
1955 are the most convenient : cytostome, cy topharynx , ves t ibu lum, buccal 
cavi ty (eventual ly its synonym — peristome) and buccal over tu re . 
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The silver impregnation method allows to examine more in detail the cilia' 
ture of Blepharocorys. The schematic drawing in Fig. 1 concerns the species B. 
jubata Bundle which was the most abundant in my material . In all the species 
of the genus Blepharocorys, the ciliary zones and the buccal appara tus are 
constructed according the same pattern. The division process is also essentially 
the same. 

It should be pointed out in the first place that the somatic cilia fo rm com-
pact, sharply delimited groups like in the order Entodiniomorpha. They fo rm 3 
bands composed of short, oblique, densely located kineties. Those characteris-
tic zones are not connected wi th one another. No infraci l ia ture was stated on 
the non-ciliated body part . 

The zone lying at the base of the f ronta l appendix has a fo rm of i r regular 
band, broader on the lef t side of the appendix. It breaks along oblique line on 
the dorsal margin of the f ron ta l appendix and passes with its nar row par t upon 
the right side and dives there into a depression. 
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The zone encircling the ventral margin and the lateral margins of the buc-
cal overture, has its anterior margin incised corresponding to the shape of this 
par t of the ciliate body. 

The small aboral zone lies in a depression. It seems to be covered by a valve 
and may pass upon its interior surface (Pl. I 1). In most species this zone is 
s i tuated ventrally in relation to cytopyge, on the left side of body. 

The buccal cavity is characterized by a complex specialized ciliature which 
is not connected with the somatic one. It appears in form of a deep funne l 
shaped structure directed towards the ventral side, endowed with two groups 
of cilia and wi th numerous fibers. Those fibers have not been described as yet 
in the genus Blepharocorys. One of the ciliary groups forms a nar row band 
wi th rows of oblique kineties similarly as the somatic zones just described. 
This group lies in the anterior enlarged par t of the buccal funnel on the r ight 
dorsal side (Pl. I 2). The second group is constituted of several long and thick 
kineties running along the na r row par t of the buccal cavity on the dorsal side 
(Pl. I 2—3). One of the kineties which is shorter than the others, turns aside 
f rom the remaining ones and runs obliquely across the right wall of the fun-
nel. Long kineties which run paral lel to one another, approach abrupt ly in their 
lower part near the ends which are looking like connected by fibers. Beyond 
the „bond", kineties diverge slightly and bend towards the ventral side (Pl. I 3). 
In those kineties single separate kinetosomes cannot be distinguished because 
they closely adhere to one another. Therefore any one of those kineties should 
be recognized as base of the undulat ing membrane. The ciliature of the dor-
sal side of the funne l is visible in Pl. I 4 (longitudinal section in more or less 
saggital plane). 

The left vent ra l and right sides of the funnel are supported by fibers (Fig. 1). 
One of their groups is constituted of long semicircular fibers. They are con-
nected with kinetosomes of one of the longitudinal kineties. They run across 
the lef t and ventra l side and scarcely encroach upon the right one — especially 
the anterior fibers. The second group consists of short fibers which are slightly 
visible. They lie on the r ight ventral side of the funnel producing a ladder-
shaped s t ructure which is broadened on its posterior and anterior ends. On 
its posterior par t this s t ructure is distinctly visible, it bends and approaches 
very much the posterior segments of the longitudinal kineties (Pl. II 5), joining 
somehow the semicircular fibers. In the species B. jubata the terminal semi-
circular fiber seems to bend strongly backwards and to encircle the „ladder". 
Nevertheless it cannot be defined exactly wha t is the mutual relation of those 
two groups of f ibers or even the s t ructure of the „ladder". Possibly some lon-
gitudinal f ibers exist which belong to this, system. One short fiber a lways visi-
ble, connects the posterior par t of the ladder-shaped structure with the lon-
gitudinal kineties (Fig. 1). This system of f ibers and kineties described in the 
case of the species B. jubata, becomes more complex in the other species in 
which the longitudinal kineties — and consequently the fibers — are twisted. 
However not any new elements seem to appear in the buccal apparatus of other 
species (Pl. 117—8). 

The two groups of buccal cilia described above are not associated wi th the 
somatic ciliature, and — as follows f rom the observation of dividing ciliates — 
fail to originate f rom the somatic ciliature. Consequently the genus Blepharo-
corys does not correspond to the characters of the order Trichostomata. More-
over, its division morphogenesis indicates that it can hardly be included to the 
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Holotricha. Its division occurs in a similar way as in Entodiniomorpha. The 
ciliature of opisthe arises inside the vacuole with no connection (at least 
without any visible one) wi th the ciliature existing already i.e. it is formed 
de novo in the meaning of C o r l i s s . 

In the present s tudy morphogenesis has not been followed in all the stages. 
Most f requen t ly the division stage represented in PI. I l l 9—11 was found. This 
stage or a similar one was observed in all the species occurring in presented 
material . The presence of the vacuole in the division zone may be regarded as 
certain. Possibly 3 separate vacuoles arise: one on the dorsal side, the second 
one on the vent ra l and the th i rd on the left side. In the f irs t vacuole develops 
the ci l iature of the f ronta l appendix of the opisthe. In the second one — the cilia-
ture of the vent ra l lip, the ciliature of the anterior zone of the buccal cavity 
of the opisthe and the aboral zone of the prother. In the third vacuole develop 
the longitudinal kineties of the buccal cavity and fibers. The number of the 
vacuoles is not quite certain. In the vacuole or vacuoles, occurs the g rowth and 
format ion of the zones, the processes of invagination, protrusion and shif t ing 
of zones, till at an anvanced stage of division all the elements assume a f ea tu re 
and position which corresponds to f inal one (PI. I l l 12). 

D i s c u s s i o n 

D o g i e l 1926 stated for B. ventriculi (B. bovis) that the division initiates 
not by a circular constriction but by formation of the subpellicular per iphera l 
canal as in Ophryoscolecidae. At a later stage, this canal communicates wi th the 
external medium. The observation of author contribute nothing essentially 
new. They introduce some more details and concern several species but are not 
a full. Nevertheless even such f r agmenta ry information about the character 
of morphogenesis seem to be of a certain importance. D o g i e l l imited himself 
to the above statment, without drawing conclusions suggested by his observa-
tions which would concern systematics and phylogenesis of the genus Blepha-
rocorys. It seems that the observations of D o g i e l as well as my own, intro-
ducing some new data about morphology allow in conclusion to exclude 
Blepharocorythidae f rom the order Trichostomata if the information about one 
genus m a y be extended to the whole family. 

At present t ime an adequate ranging of this family in the ciliate system 
would be difficult. At any rate a position should be found for it close to Ento-
diniomorpha or even within the order Entodiniomorpha. Equally diff icul t 
would be to establish the origin of Blepharocorythidae since this fami ly is 
endowed with characters of an order standing on one of the peaks of the 
phylogenetic t ree of ciliates and shows simultaneously the features of Holo-
tricha. 

In the s t ructure of their buccal appara tus which is endowed with longitu-
dinal kineties and fibers, Blepharocorythidae resemble to Paraisotrichidae — 
Holotricha of uncertain position. 

Another s t ructura l detail which has been stated in the present study seems 
to approach Blepharocorythidae to the family Buetschliidae (Holotricha, 
Gymnostomata). According to the observations of the author in all 
the species of the genus Blepharocorys the presence of a vacuole similar the 
the "Konkrementenvacuole" of Buetschliidae has been stated on the vent ra l 
side of the anterior par t of body (PI. 14). S c h u m a c h e r 1915 in his mo-
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nograph on Blepharocorys equi pointed out t h a t — so f a r as it could be s tated — 
the vacuole w i th concretions did not occur. This s t a t emen t proves tha t S c h u -
m a c h e r was not cer ta in as to the presence or absence of the vacuole. I fa i led 
to ascertain the occurrence of the concretions in the vacuole in Blepharocorys 
but for some other reasons it seems to be the coun te rpa r t of the " K o n k r e m e n -
tenvacuole" or pe rhaps this s t ruc tu re is in s tate of a t rophy. A group of big 
non-ci l iated kinetosomes (PI. II 6) is name ly p resen t on this vacuole as it was 
described by the au thor previous ly (W o 1 s k a 1964) for Didesmis ovalis and 
Blepharozoum trizonum and w a s also seen in o ther species of Buetschliidac 
f r o m the horse intest ine (W o 1 s k a, unpubl ished) . P resence of special kind of 
kinetosomes — or r a t h e r shor t kineties — on the "Konkremen tenvacuo le" 
seems to be consequent ly a genera l f ea tu re in the f ami ly Buetschliidae and 
evident ly such' special k inetosomes occur in Blepharocorythidae. 

If the "Konkremen tenvacuo le" would occur in Blepharocorythidae in its 
typical form, it could be considered as a sign of convergence evoked by the 
same med ium conditions. Howeve r if w e accept tha t it is a r e m n a n t organel le — 
which seems probable — its presence would prove not convergence bu t r a t h e r 
the a f f in i ty of t he fami l ies in question; in one of those famil ies 
this organel le becomes a t rophied in course of evolution. Another possibili ty 
would be to consider it as the r u d i m e n t of t he "Konkremen tenvacuo le" which 
appea r s he re somewha t "in s ta tu nascendi". The la t te r concept seems less 
probable because the deve lopment of Blepharocorythidae fol lows the line 
s imilar to t ha t of Entodiniomorpha in wh ich "Konkremen tenvacuo le" never 
occurs. 

The evidences ment ioned above not v e r y convincing, but may be, 
they show a relat ion be tween Buetschliidae and Blepharocorythidae. The con-
siderat ions on evolution of h ighly specialized paras i t ic f o r m s are a lways based 
on r a the r elusive foundat ions . It should be added tha t in Buetschliidae a ten-
dency to reduct ion of the ci l ia ture is m a r k e d dist inctly and in some species, 
cilia f o r m only n a r r o w zones on the sur face of the body. 

At present , m a n y indepedent evolut ionary b ranches a re t raced f r o m Gymno-
stomata. Blepharocorythidae a r e pe rhaps one of the b ranches which is der ived 
f r o m Gymnostomata and the s imil i tude of the i r evolut ion to the evolut ion of 
Entodiniomorpha provides a reason for considering the possibil i ty of t racing the 
order Entodiniomorpha d i rect ly f r o m Gymnostomata. 

S u m m a r y 

The somatic and buccal c i l ia ture of genus Blepharocorys Bundle has been 
character ized as a resul t of observat ions of severa l species. The genera l outline 
of t he division morphogenes is is presented. 

The systematic position of Blepharocorythidae and the re la t ion of this fami ly 
to o ther groups of ciliates is discussed. 

STRESZCZENIE 
Autorka charakteryzuje orzęsienie somatyczne i gębowe u rodzaju Blepharocorys 

Bundle, ns podstawie obserwacji kilku gatunków i przedstawia w ogólnym zarysie 
morfogenezę podziałową. 

Autorka zastanawia się nad stanowiskiem systematycznym Blepharocorythidae 
i nad związkami jakie zachodzą pomiędzy Blepharocorythidae i innymi grupami 
orzęsków. 
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EXPLANATION OF PLATES I—III 

1: B. jubata, left side view. 2000 X 
2: Blepharocorys sp. right side view, 2000 X 
3: B. jubata, left side view (optical section). 2000 X 
4: B. jubata, longitudinal section, 2600 X 
5: B. jubata, view from the dorsal side, optical secton, 2000 X 
6: B. curvigula, on the right side of microgram a group of kinetosomes on the vacuole 
are seen, 1300 X 
7: B. uncinata, view from the left side, optical section 2300 X 
8: B. uncinata, view from the right side, optical section, 1700 X 
9: B. jubata, division 2000 X 
10—11: B. jubata, division, optical section in two different plains, 2000 X 
12: B. jubata, division, advanced stage, 2000 X 
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M. Wolska auctor phot. 
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M a r i a W O L S K A 

Application of the ammonium-silver impregnation method 
to the investigation of ciliates from the rumen 

of herbivorous mammals 

O w a r t o ś c i i m p r e g n a c j i a m o n i a k a l n y m r o z t w o r e m s r e b r a o r z ę s k ó w ze 
ż w a c z a t r a w o ż e r n y c h s s a k ó w 

The si lver impregna t ion me thod has been applied by G r a i n 1962, 1963 a, 
1963 b, 1964, 1965 to t h e r ep resen ta t ives of the f ami ly Isotrichidae. As results, 
the in f rac i l i a tu re and morphogenes is of th ree species: Isotricha intestinalis 
Stein, I. prostoma Stein and Dasytricha ruminantium Schuberg which a re 
common in the r u m e n of cat t le — has been described in details. The ci l ia ture 
of t he ves t ibu lum was discussed and compared w i t h the ves t ibu lum ci l iature 
of o ther r ep resen ta t ives of t he o rder Trichostomata. 

The aim of the p resen t s tudy is only to point out some morphological f ea tu re s 
which w e r e revea led special ly dis t inct ly in those species by means of the 
ammon ium-s i l ve r impregna t ion method. Precisely, I wish to stress the appl i -
cabil i ty of this solution to impregna t ion of the representa t ives of the f ami ly 
Isotrichidae and to show the sl ight d i f fe rences in the impregnat ion resul ts of 
G r a i n and those of t he p resen t s tudy. 

The ma te r i a l was collected f r o m the r u m e n content of cat le of the Łódź 
district. Ciliates w e r e f ixed in 10%> formal in , r insed in wate r , placed on a slide 
and coated wi th a layer of gela t ine a f t e r C h a 11 o n, impregna ted wi th the 
ammoniaca l s i lver solution of B i e l s z o w s k i and — at last — t rea ted 
wi th 10% formal in . 

R e s u l t s 

Dasytricha ruminantium Schuberg (PI. I 1) 

It m a y be s ta ted in the impregna ted ciliates t ha t t he somatic kinet ies neac, 
the posterior pole loose thei r r egu la r a r ray . Only at the v e r y m a r g i n of the 
ves t ibulum, in a reduced n u m b e r they f o r m a closely t ex tu red zone which 
is h igh ly spiral ized (PI. I 1, 2). According to G r a i n on the ven t r a l side some 
of the short k inet ies are prolonged as f a r as t he vest ibulum. It is a n e w f inding 
of the au thor tha t severa l marg ina l kinet ies p e n e t r a t e en t i re ly into t h e 
ves t ibu lum and loose the connection wi th the body sur face (PI. I 3). 

The dist inct impregna t ion of the t r ansverse f ibe rs on the dorsal wal l of t he 
ves t ibu lum (PI. I 4) should be also stressed. Presence of those f ibers has been 
ascer ta ined by G r a i n 1965 b in e lectron microscopy. 

2 Acta Protozoologica 
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Isotricha prostoma Stein (PI. II 5, 6) 

G r a i n 1963 a described the vest ibulum in I. prostoma as a cornet with 
its apex curved ventrally, coated ent irely with spiral kineties. The photographs 
of my preparat ions (PI. II 8, III 9—12) confirm the desciption of G r a i n except 
that lining of the vest ibulum with kineties is not full. The gap between the 
kineties which are lining the vest ibulum begins near its vent ra l margin and 
spreads broadly upon the dorsal side in accordance with the spiralization of 
kineties of d i f ferent length. The PI. I I 7 il lustrates the distinction of the vesti-
bular kineties f rom the somatic ciliature which is marked in the drawings of 
G r a i n . In PI. II 8 f ibers which originate at the f inal kinetosomes are seen. 

Isotricha intestinalis Stein (PI IV 13) ' 

The vestibulum of I. intestinalis, coincides with the description of G r a i n 
1962, being bordered by the r ight lip —' nearly parallel to the body axis — and 
the lef t lip which is oblique to it (PI. IV 14). The cil iature of the 
vestibulum looks in my preparat ions as follows. In ful l accordance wi th 
description by G r a i n the somatic kineties which bend on the right lip, 
run on the wall of the vest ibulum obliquely to its axis. They spread on a par t 
of the vent ra l and anterior wall of the vest ibulum and break off 
on the anterior wall along an arcuate line. Similarly, the kineties which 
bend on the lef t lip, are lining a par t of the dorsal and anterior wal l of the 
vest ibulum — as repor ted by G r a i n , they break off on the anterior wall at 
a certain distance f rom the kineties of the oposite side. Kineties of the lef t lip 
are vertical to the neighbouring ones, as described by G r a i n (PL IV 14). 
The posterior wall of vest ibulum as well as a par t of the ventral and dorsal 
ones are lined with kineties which penetra te f rom behind into the vestibulum. 
This configuration is i l lustrated in Pi. IV 15—17. Consequently the vest ibulum 
is not completely lined with cilia. On the anterior wall there remains a zone 
f ree of kineties. This par t of vestibulum which is lined with kineties, forms 
a sort of a curved gutter, open at its anterior par t with its margins being 
slightly tucked up. 

The characteristic of the vestibular ciliature in the genus Isotricha should 
be supplemented by the s ta tment that this cil iature is not complete and is more 
contorted in the species I. prostoma than in I. intestinalis. The distiction 
of the vestibular kineties f rom the somatic ones in the species studied — most 
strongly expressed in Dasytricha ruminantium — should also be stressed. 

The ammoniacal silver solution seems to produce a very contrastful l im-
pregnation of kinetosomes in Isotrichidae. 

In my publication W o 1 s k a 1965 I have described the infraci l ia ture of 
a ciliary group situated near the vent ra l margin of the ciliophore in Ophryo-
scolecidae. The te rm " f r ee cilia" was applied to this ciliary group. I failed 
to know that this s t ructure had a l ready been described in details by B r e t -

' S c h n e i d e r 1962 as "Paralabialorgan", and subsequently discussed by R o t h 
et S h i g e n a k a 1964. My publication f rom 1965 — its par t concerning the 
" f ree cilia" — is in some degree a repetit ion of their findings. 
Nevertheless it retains its value as a proof of applicability of the ammoniacal 
silver solution (when applied according a definite procedure) for revealing the 
infraci l iature of the rumen ciliates 
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S u m m a r y 

Results of impregnat ion wi th ammoniaca l silver solution a re repor ted in the 
case of t h r e e species of the fami ly Isotrichidae: Dasytricha ruminantium Sch., 
lsotricha intestinalis St., and I. prostoma St. Some deviat ions of those resul ts 
f r o m the f o r m e r f ind ings a re indicated. 

It has been ascer ta ined tha t the " f r e e cilia" described in the au thor ' s pu-
blication 1965, a re ident ical wi th "Pa ra l ab i a lo rgan" repor ted previously by 
B r e t s c h n e i d e r 1962. 

STRESZCZENIE 

Podane są wyniki srebrzenia amoniakalnym roztworem srebra trzech gatunków 
z rodziny Isotrichidae: Dasytricha ruminantium Sch., Isotricha intestinalis St. 
i I. prostoma St. i wykazana pewna rozbieżność tych wyników z dotychczasowymi 
danymi. 

Stwierdzone jest, że opisane w publikacji autorki 1965 „wolne rzęski" Ophryo-
scolecidae są identyczne z opisanymi poprzednio przez B r e t s c h n e d e r a 1962 
jako „Paralabialorgan". 
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A d d e n d u m 

In paper: W o l s k a M. (1965): Remarks on the adoral ciliature in the order 
Entodiniomorpha. Acta Protozool 3, 321—324 the following changes should be made: 
Page 322, line 31, instead of: (PL 12) should be: (PI. 12, 6). Page 322, line 50 
instead of: (PI. 15,6) should be: (PI. 15). Page 323, line 19—23 instead of erroneously 
printed text should be: Its presence — besides some other characters — places 
according F e r n a n d e z - G a l i a n o the family Cycliposthiidae at a lower level of 
the phylogenetic tree then the family Ophryoscolecidae. Nevertheless similarity of 
adoral ciliature in two families is more conspicuous than it could be assumed as yet. 
Page 325, line 10 instead of: 5, 6 should be: 5. 
Page 325, it should be added: 6. Cycliposthium sp., rows of free cilia. 
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EXPLANATION OF PLATES I—IV 

Dasytricha ruminantium Schuberg 
1: General view of cilate. 1000 X approx 
2: Posterior body part, the zone of spiral kineties around the vestibulum is seen. 
2500 X approx 
3: Ventral wall of vestibulum, optical section. 2500 X approx 
4: Dorsal wall of vestibulum, optical section. 2500 X approx 
Isotricha prostoma Stein 
5: General view of ciliate. 500 X approx 
6: Anterior body part. 1000 X approx 
7: Posterior body part, a part of vestibulum is seen. 1000 X approx 
8: The same individual as in 7 in optical section, kineties of vestibulum and fibers 
are seen 
9: Ventral wall of vestibulum, optical section. 2500 X approx 
10: The same individual as in 9 in optical section, dorsal wall of vestibulum is seen 
11: Incomplete ciliature of vestibulum is seen, optical section. 2500 X approx 
12: Vestibulum is seen in another position than in 11, dorsal and ventral vestibular 
kineties are seen simultaneously, optical section. 2500 X approx 

Isotricha intestinalis Stein 
13: Posterior body part and vestibulum; surface view, a part of vestibulum in 
optical section. 1000 X 
14: Surface view near the vestibulum. 2500 X 
15: Vestibulum in optical section. 2500 X 
16: Vestibulum in optical section, in a slightly different position than in 15. 2500 X 
approx 
17: Kineties penetrating into the posterior wall of vestibulum. 2500 X approx 
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Protozoological Laboratory, Zological Institute, University of Warszawa, Warszawa 64, Poland 

I r e n a D W O R A K O W S K A * 

I he structures oi the nuclear apparatus in Plagiotoma 
lumbrici Dujardin and their transformations in division cycle 

S t r u k t u r y a p a r a t u j ą d r o w e g o Plagiotoma lumbrici D u j a r d i n i i ch p r z e -
m i a n y w c y k l u p o d z i a ł o w y m 

Plagiotoma lumbrici D u j a r d i n has been chosen as the subject of t he p resen t 
s tudy on account of the specific s t ruc tu re of its nuclear a p p a r a t u s and the pos-
sibly specific course of t r ans fo rma t ions in division. 

Plagiotoma lumbrici Duj . has been included to the f ami ly Plagiotomidae 
together w i t h Nyctotherus, Paranyctotherus and Nyctotheroides. In fo rmat ions 
concerning the biology of this species have been repor ted by P e r t z e w a 1929. 
This au thor , s imi lar ly as H e i d e n r e i c h 1935, sygnalized its occurrence in 
the in tes t ine of Lumbricus terrestris and L. rubellus. The mate r ia l for t h e 
present s tudy der ived also f r o m those species and f r o m L. castaneus. 

The body of P. lumbrici is f la t tened, wi th the outl ine of an e longated oval. 
The AZM is ve ry long and runs along the le f t marg in of the body as f a r as 
cytostome which lies a t the distance of 2/3 f r o m the anter ior body end. In the 
poster ior pa r t of the ciliate, beh ind the cytostome, sp reads the t e r r i t o ry of t h e 
digestion cytoplasm. This t e r r i t o ry is precisely l imited and no food vacuoles 
occur beyond its boundary . T h e nuc lear appa ra tus of Plagiotoma lumbrici com-
prises most f r equen t ly 2 Mi and Ma which is f r a g m e n t e d into a var iab le n u m -
ber of par ts . 

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

E a r t h w o r m s used in this s tudy: Lumbricus terrestris and L. rubellus w e r e 
collected most ly in the p a r k of the Białowieża Mansion, a p a r t of t h e m — in 
Warszawa. Lumbricus castaneus or ig inated exclusively f r o m Warszawa 1. 

E a r t h w o r m s w e r e cap tu red f r o m Apri l t i l l August 1964. The ma te r i a l col-
lected in August was kep t in the l abora to ry over win te r till Apri l 1965. 

The densi ty of cil iates m e a r t h w o r m s f luc tua ted cons iderably wi th t h e 
season of the year , locality, age of the host indiv idual and the species. In w i n t e r 
the densi ty of populat ion increased considerably in all the individuals . 

•Present address: Institute of Zoology, Polish Academy of Sciences, Warszawa, 
Wilcza 64. 

Earthworms were determined by dr J. Plisko from Institute of Zoology, Polish 
Academy of Sciences. 
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T h e content of the poster ior intes t ine of severa l e a r t h w o r m s w a s s u b m e r g e d 
w i t h w a t e r at room tempera tu re . Af t e r 30 min. the l iquid containing the f r e e -
swimming protozoa was ca re fu l ly decanted and cent r i fuged . Protozoa r e m a i n e d 
u n i m p a i r e d a f t e r this procedure . 

A f t e r f ixat ion in the Schaudinn ' s f luid, protozoa w e r e s ta ined wi th the i ron 
haema toxy l in of Heidenhain . The Feulgen react ion was carr ied out a f t e r f i x a -
t ion in the Carnoy f luid. A cer ta in n u m b e r of p repara t ions w e r e execu ted 
a f t e r t h e fol lowing procedure : l iving protozoa w e r e placed a f t e r cen t r i fuga t ion 
in 1% aqueous solution of sodium ci t ra te for 20—45 min. or even more. S u b -
sequen t ly they w e r e cen t r i fuged and f ixed in the Carnoy f luid fo r 5—10 min. 
and dr ied completely. The Feulgen react ion was carr ied out immedia t e ly a f t e r 
desiccation. Sodium ci t ra te was appl ied for a g roup of p repara t ions in o rder 
to loosen the s t ruc tures . 

The method of Pappenhe im-Unna control led by p repara t ions digested wi th 
sal iva r ibonuclease was also used. 

R e s u l t s 

In the division cycle of Plagiotoma lumbrici, 4 phases may be dis t inguished 
(in re la t ion to Ma) s imi lar ly as it was done in the case of Blepharisma undulans 
(H e 1 s o n et al. 1959), namely : in terphase , precondensat ion, condensat ion and 
postcondensation. 

T h e division of Ma and of Mi wil l be described separate ly , w i th dist inct ion 
of those periods. Conjuga t ion was not observed. 

Macronucleus 

T h e in te rphase 

T h e macronucleus occupies a t r i angu la r a rea which lies a t a dis tance of 
approx . 1/3 of the body length f r o m the anter ior end of t he protozoon. A p a r t 
of Ma is located however on the t e r r i to ry ad j acen t to the digest ion cytoplasm, 
a l w a y s nea r its l e f t marg in . 

T h e main mass of Ma as wel l as its " ta i l" which lies in the poster ior body 
par t , a r e in f r agments . The number , size and shape of those f r a g m e n t s a r e 
v e r y variable . They may be complete ly detached f r o m one ano the r or l inked 
by bridges. Their n u m b e r may f luc tua te f r o m several to th i r ty . 

The chromat in ma te r i a l in the f r a g m e n t s fai ls to f o r m dist inct r egu la r 
s t ruc tu re s bu t fo rms r a the r agglomera t ions wi th ne i ther def in i te shape nor 
r egu l a r dis t r ibut ion (PI. 11). In the nucleus, t r ea ted in this phase wi th sodium 
ci t ra te , f r a g m e n t s a re enlarged, chromat in fo rms no agglomera t ions bu t is 
d ispersed uni formely . S ta in ing wi th pyron ine at this s tage presents some more 
c lear pictures: the nucleus is h ighly s ta inable bu t the accumula t ions appea r 
more regu la r ly t h a n the chromat in s t ruc tures (PI. I 2). In m a n y places appea r 
big spheroid pyronine-posi t ive agglomerat ions . Somet imes they occur s imul -
taneous ly in all the f r a g m e n t s (PI. I 3). In p repara t ions s ta ined a f t e r the Unna -
P a p p e n h e i m method, those places a re pyronine-posi t ive and fa i l to s tain wi th 
m e t h y l green. In the control t r ea ted wi th r ibonuclease, they a re negat ive as 
wel l to pyron ine as to me thy l green. Those s t ruc tures a re uns ta ined a f t e r the 
Feu lgen ' s me thod being then visible as vacuoles (PI. 14). 
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Precondensat ion 

The vacuoles in the f ragments disappear gradual ly and the s t ructure of 
f ragments becomes more uniform. Zones of a ra ther faint stainabili ty appear 
in them. They have usually a shape of stripes which are sharply delimited at 
least on one side. Most f requent ly more than one f ragment in an individual 
contains such zones, however individuals were found in which those s t ructures 
were present in all the f ragments (PI. II11). Usually in one f ragment one zone 
occurs but f ragments were found with a higher number of them (Pl. II9). 
Faint ly stainable zones may be located in d i f ferent places of the f r a g m e n t 
(PI. I 6, PI. II 11); they always are oriented transversal ly to its axis. 

In the period when the zones appear, the s t ructure of the f ragments is dif-
fe rent than it was before. Chromatin becomes ar ranged in the form of agglo-
merations tha t lie along the f ragments vertically to the zones (PI. I 5—7). This 
pat tern reminds somewhat the chromatin elements in division. They are of ten 
cords of grains being sometimes double (PI. I 6). 

In many cases, a stripe of highly stainable chromatin, parallel to the zone, 
lies closely to the fa int ly stained zone (PI. II10). In this period, f ragments a re 
of the same size as in interphase but the gradual reduction of the digestion 
cytoplasm causes their proximity to the middle region of the body. 

Condensation 

In f ragments of Ma, the faint ly stainable zones disappear whereas the chro-
matine s t ructures become manifested more and more distinctly: chromatin, 
bands running across the f ragments (PI. II 12), as well as distinct rows of grains 
touching one another and arranged along the f ragments (PI. II 13—14). 

Fragments show an inclination to fuse together into one mass. Simul-
taneously the chromatin s t ructures dif ferent ia te more distinctly (PI. II14). 
They are grains linked by f i laments of a Feulgen-positive material. A longi-
tudinal a r r ey — along the thread — as well as a t ransverse one (of similar size) 
of grains may also be observed. A still more distinct regular pat tern of grains 
appears a f te r application of sodium citrate (PI. II15). In the subsequent con-
densation of the fused Ma, grains begin to disappear and highly developing 
f i laments arise instead. Towards the conclusion of this process, no grains 
are present in Ma but only f i laments of variable thickness which somatimes 
are hardly visible in microscope (PI. I l l 16—17). 

In the Ma of this stage, pyronine stains intensely the s t ructure of the thick 
threads (PI. I l l 19). Subsequently the chromatin f i laments become thick again, 
the s t ructure is no longer so distinct as it was before and Ma assumes gradual ly 
a fus i form shape as if the lateral f ragments were d rawn inside (PI. I l l 20—22). 
Chromatin s t ructures are much less distinct than before. The grain rows ho-
wever running along the whole Ma, are still distinguishable. It is impossible 
to discern details in this compact mass of chromatin. The nucleus in condition 
of maximal condensation is shown in PI. I l l 22. 

Postcondensation 

Ma remains for a short period of t ime in condition of maximal condensation. 
It undergoes distension to the offspring cells very quickly. Simultaneously 
with the onset of distension, the high stainabili ty with pyronine, disappears. 
The nucleus at this stage is near ly stainless (PI. IV 23). 
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Before separa t ion of Ma to the o f f spr ing individuals , its synchronic f r a g m e n -
tat ion in the f u t u r e p ro the r and opisthe t akes place (PI. IV 24). Chromat in is 
in f o r m of grains and f i l amen t s which seem to const i tute an u n i f o r m s t ruc ture . 

In some cases be tween the of fspr ing individuals , an undivided pa r t of 
chromat in remains (Pi. IV 25) which is possibly resorbed in cytoplasm, s imi-
la r ly as it occurs w i th the f r a g m e n t not included du r ing the condensat ion of 
Ma. As a resul t of subsequent f r agmenta t ion , severa l par ts arise, 
lying l inear ly sha rp ly del imi ted f r o m one another . T h e chromat in s t ruc tures 
in the shape of gra ins on f i l aments a re still p reserved , s imi lar to those which 
occur in the beginning of f r agmenta t ion . 

In th is period, Ma cont inues ini t ial ly to s ta in fa in t ly wi th pyron ine bu t some 
swollen cords of a h igher s ta inabi l i ty are seen (PL IV 26). Posit ion of those 
s t ruc tures corresponds to tha t of the rows of chromat in grains. La te r on the 
a f f i n i t y to pyron ine a b r u p t l y increases up to the level observed in in te rphase 
but t he s t ruc tures observed previously, still r ema in visible (PI. IV 27). 

In this phase, the o f f sp r ing individuals a re in most cases separa ted f r o m 
one another . The f r a g m e n t s of Ma divide g radua l ly into smal le r part icles, loose 
their regula r a r r a y of chromat ine and change thei r position in respect to one 
another . 

In PI. IV 28, the poster ior p a r t of Ma is pushed s idewards by the digestion 
cytoplasm being formed, and as a resul t the dis t r ibut ion of Ma chromat ine 
arises which is typical for the in te rphase stage. 

Micronucleus 

In te rphase and precondensat ion 

Mi of Plagiotoma measures about 8 in d iameter . The protozoon contains 
usual ly two Mi. They a re s i tua ted nea r the le f t m a r g i n on side of the main Ma 
mass. Somet imes individuals wi th one Mi occur, more r a re ly wi th t h r ee of 
t h e m and those wi th no Mi a re observed also. Af t e r all t he s ta ining methods 
Mi is homogenous and the Feulgen 's react ion reveals a high content of DNA. 
In all t he phases of the cycle, Mi is much more Feulgen-posi t ive than Ma. 

If the ciliates have been t rea ted w i t h sodium ci t ra te pr ior to the staining, 
the d iameter of Mi increases two t imes and then it is possible to discern agglo-
mera t ions of chromat ine in it which a re dispersed r egu la r ly over its whole vo-
lume. Then the in tensi ty of its s ta in ing is s imi lar to t ha t of Ma f ragments . The 
e f fec t of s taining wi th pyron ine is homogenous and is much more fa in t in Mi 
than in Ma (PL I 2—3, II 9). 

Condensat ion 

In the late phase of Ma- condensation, Mi undergoes division. Ini t ial ly Mi 
elongates, remain ing still homogenous. Then its vo lume considerably increases 
and highly s ta inable ch romat in f i l aments appea r in it. They a re disposed 
regu la r ly and run along its whole length. They fil l t he whole Mi lying closely 
one on the side of the o ther being ve ry numerous . T h e exact count of t he f i la-
ments is impossible (PL III 17). This p ic ture m a y be assumed as the pa t t e rn of 
p ro-metaphase . 

La te r on, in propor t ion as the nucleus elongates, its p ic ture becomes clearer 
and the long para l le l chromat in f i l aments a re seen (Pl. III 18). In some places, 
the disposition of f i l amen t s in pairs, one on the side of the other is distinct 
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which is not visible in the photogram. At this stage Mi is pyronine-negative 
(PI. I l l 19). 

Subsequently the chromatine f i laments are grouped over towards the 
direction of two poles of the elongated Mi and the boundary between the two 
complexes of chromatin mass is manifested. This stage may correspond to 
anaphase. In a later period, chromatin maintains its f i lamentous s t ructure in 
its middle part , and becomes homogenous at the poles. This marks the be-
ginning of telophase (PL III 20—22). The polar par ts of dividing Mi may assu-
me various shape and size. Gradual ly the remnants of chromatine f i laments 
disappear, and Mi with a s t ructure of chromatine characteristic for interphase 
a re formed. 

Postcondensation 

In the postcondensation phase of Ma, the chromatine pat tern of Mi does 
not d i f fer f r om that of interphase but the nucleus is initially ful ly pyronin-
negative (PI. IV 23). The aff ini ty of Mi to pyronine increases wi th the advan-
cing f ragmenta t ion of Ma. Towards the end of postcondensation stage of Ma, 
it reaches the degree characteristic for interphase (compare PI. IV 26 with 27). 

Transformat ions of Ma in the division cycle last longer than those of Mi. 
The correlation decribed above is the most f requent but exceptions occur, e.g. 
the case represented in PI. IV 25 where the beginning of anaphase in Mi coin-
cides with the postdivision f ragmenta t ion of Ma. Usually both Mi undergo the 
same division stages simultaneously but here exceptions occur also (e.g. the 
picture in PL III 22). 

It seems tha t the amount of chromatin in Ma as well as in Mi may di f fer 
considerably in single individuals (Pl. III 21—22, IV 24). Pl. IV 25 shows an 
uneven division of one of Mi which may possibly present a manner of forma-
tion of an individual without Mi. As a result of fission of the offspring indi-
viduals, one protozoon would arise without Mi and another one with three Mi 
and with a resorbed particle of chromatin. 

D i s c u s s i o n 

Chromat in of macronucleus. 

Three ways of arising of polyploidy in Ma in course of its formation f rom 
the products of the synkarion division have been known till the present time: 
1. fusion of diploidal nuclei, as in Trachelocerca phoenicopterus (R a i k o v 
1958), 
2. the endomitotic polyploidization as in Ephelota gemmipara (G r e 1 1 1953 a), 
3. polyteny, as in Nyctotherus cordiformis ( G o l i k o v a 1964) or in Stylonychia 
( A m m e r m a n n 1964, A 1 o n z o and P e r e z - S i l v a 1965). This variabil i ty 
of way in which polyploidy is effected, may be par t ly explained by the varia-
bility of chromatin s t ructures existing in the vegetative nucleus which are 
assumed by a number of authors as chromosome aggregates. 

In the rest ing Ma of many ciliates, rows of grains or rods were observed 
J u r a n d et al. 1962, G r e 1 1 1950 b, G r e 1 1 1953 b, M ii g g e 1957, G o 1 i k o-
v a 1964). Grains which failed to show regular i ty in the preceding period, be-
come organized into regular bead strings during division ( C a l k i n s 1919, 
1930 a, W e y e r 1930, T i 111 e r 1935, H. R a a b e 1947, K o r m o s and K o r-
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m o s 1957), or chromatin f i laments appear in this period (D i 11 e r 1928, 
G r e 1 1 1950 a, K a n e d a 1960, R u t h m a n n and H e c k m a n n 1961, R u t h -
m a n n 1963). 

Very important seems to be the finding of S e s h a c h a r 1960 that the chro-
mat in grains of the interdivision Ma may be exper imental ly t ransformed into 
bundles of fibrils. S e s h a c h a r achieved this by intense centr ifugat ion of 
the Spirostomum and Blepharisma nuclei. A similar effect was obtained by 
application of KCN or NaCN solution ( S e s h a c h a r 1963). 

The electron microscopic study revealed that the chromatin elements in Ma 
are small bodies ( R u d z i ń s k a and P o r t e r 1955, J u r a n d and al. 1962) 
however fibril lar elements have been described as well ( R u t h m a n n and 
H e c k m a n n 1961, D i p p e 1 and S i n t o n 1963, K 1 u s s 1962). S e s h a c h a r 
1964, 1965 stated that in Blepharisma intermedia and in Spirostomum ambi-
guum, the small bodies are cross sections of the fibrils which are seen in the 
light microscope. S e s h a c h a r assumes tha t they are chromosomal structures. 

The hypothesis of the subnuclear organization of Ma chromatin ( S o n n e -
b o r n 1947) assumes that Ma contains diploidal elements able to autoreplica-
tion and to segregation in successive divisions. The hypothesis of "Sammel-
chromosomen" (G r e 1 1 1950 b) postulates that chromosomes belonging to the 
same genoms join one another by ends and form an aggregation which repli-
cates and segregates in division as an entity. The fundamenta l d i f ference bet-
ween the subunits suggested by both hypotheses is the number of genoms in 
their composition. The subnucleus would be constituted of two "Sammelchro-
mosomen". 

"Sammelchromosomen" are known in several protozoa (G r e 1 1 1953 c, 
1953 d, R u t h m a n n 1963). R a i k o v 1964 proved that the Ma of Nassulopsis 
elegans contains "Sammelchromosomen". The calculation based on the degree 
of polyploidy and on the number of s t ructures observed, indicated that they 
are diploidal, and consequently correspond to subnuclei. 

Chromat in in the Ma of Plagiotoma undergoes t ransformat ions in the course 
of division cycle. It appears in the interphase as i r regular agglomerations, as 
grains connected by fibrils in precondensation and in early condensation, as 
f i lamentous structures, grains of f ibri ls again in the period of postocondensa-
tion and at last re turns to the interphase structure. In the other ciliates similar 
t ransformat ions are explained as the result of changes in the spiralization of 
chromatin fibrils ( S e s h a c h a r 1960, 1963, 1964). 

In the interdivision period of Plagiotoma lumbrici, the existence of condensed 
chromat in is proved by the effect of sodium citrate action when the loose, 
indistinct nearly homogenous chromatin appears. Results obtained a f te r this 
method resemble to the interphase nuclei of higher plants and animals. 

Existence of chromatin structures in the resting stage of Ma inclined 
(G r e 1 1 1964) to include this nucleus into the category of chromosomal nuclei. 
The nucleus of Dinoflagellata has been included to the same category, because 
its s t ruc ture in interphase is similar to tha t of Ma and is equally rich in DNA. 

In the case of Plagiotoma lumbrici, the chromatin s t ructures of its resting 
nucleus are not distinct enough for determination of their pat tern. In the con-
clusive phase of precondensation and in the beginning of condensation, ćhro-
mat in cords — swollen in some par ts — become visible (PI. I. 5), as well as 
grains on the fibrils (PI. 17). R u t h m a n n and H e c k m a n n 1961 interpreted 
the na ture of similar grains in Bursaria truncatella as a result of f ibri ls spira-

http://rcin.org.pl



N U C L E A R A P P A R A T U S I N P L A G I O T O M A LUMBRICI 115 

lization. The s t ructures in PI. I 7 resemble to that seen in endomitoses in the 
rudiments of Ma in Ephelota gemmipara (G r e 1 1 1953 a, tab. 12, fig. 1, 2). 
It may be observed in the period of condensation in Plagiotoma, tha t the 
rows of grains are also paral lel (PI. II14, 15). The similitude with the former 
case suggests tha t this a r ray may be assumed as result of endomitoses. This 
interpretat ion is pu t forward by R u t h m a n n 1963 for analogical s t ructures 
in Ma of Loxophyllum meleagris. 

In the late period of condensation, grains disappear in Ma of Plagiotoma 
and f i laments appear instead. Filaments are of various thickeness and are 
disposed more or less along the axis of the elongated nucleus. It can hard ly 
be ascertained whe ther they run along the whole length of Ma or only along 
a par t of it (PI. I l l 17). They resemble somewhat to fibrils obtained f r o m Ma 
of Blepharisma by S e s h a c h a r . Possibly they are similar elements as those 
described in Bursaria truncatella by R u t h m a n n and H e c k m a n n . 

Those elements might have arisen by despiralization of grain rows which 
were observed previously, and this moment seems to be a critical point in the 
division process of Ma. At this time, the most essential rear rangments of the 
chromatin mater ia l should occur in connection with the division. Such rea r rang-
ments have been ascertained by means of the autoradiographic method in the 
condensing Ma of Euplotes eurystomus ( K i m b a l l and P r e s c o t t 1962). 
In Loxophyllum meleagris division takes place in course of format ion of the 
f ibri l lar s t ruc ture which arose as result of respiralization of grains ( R u t h -
m a n n 1963). In Plagiotoma lumbrici, Ma does not divide at this phase: a spira-
lization occurs again as well as shrinkage of the whole nucleus. Grains appear 
once more and distension of the nucleus follows. 

Together wi th the fission of Ma to the offspring individuals its f r agmenta -
tion in each of the two parts occurs. During this process, chromatin forms 
cords of beads. The nucleus is however so highly condensed that the details 
of their part i t ion cannot be discerned. It may be clearly observed that f rag-
mentation is not accompanied by constriction of the nuclei as it takes place in 
the other ciliates in which numerous Ma fuse together into one nucleus in 
division ( C a l k i n s 1919, 1930 a, W e y e r 1930, H. R a a b e 1947). F ragmen-
tation is here the disruption of Ma which produces f ragments with sharply 
delimited margins. Such a disruption may occur simultaneously in two or in 
a higher number of spots within one Ma. 

P e r t z e w a 1929 reported that in the division of Plagiotoma lumbrici, 
a smaller amount of chromatin is t ransmit ted to the prother. In the present 
study this regular i ty has not been ascertained. It was proved however that the 
division may begin when variable amounts of chromatin are present in the 
Ma of individuals. 

In ma jor i ty of higher ciliates, the segregation appara tus in Ma — analogous 
to the mitotic one — has not been revealed, although in Nassula ornata, distinct 
f ibri l lar s t ructures associated with division occur (R a i k o v 1962). In Plagio-
toma lumbrici no traces of similar s t ructures were found. 

The interest ing problem of the nuclear membrane of the macronucleus 
during the t ransformat ions in chromatin has not been solved either. The 
character of Ma of this ciliate is rare ly found in protozoa; it occurs in some 
parasitic ciliates of the order Apostomata ( P e r t z e w a 1929). The division 
cycle of Ma in the cyst of Foettingeria actinarum resembles to some structures 
in the Ma division in Plagiotoma lumbrici (De M o r g a n 1924). 
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Chromat in of micronucleus 

In the major i ty of ciliates Mi is a small nucleus measuring 1—4 ¡a,. In Pla-
giotoma lumbrici Mi is exceptionally big; its diameter amounts approx. 8 n. 
Mi of this size are known also in Pleurotricha lanceolata ( R e g i n a l d and 
M a n w e 11 1928) and in Uroleptus halseyi (Calkins 1930 b). In the major i ty of 
cases, Mi is a homogenous body, with a high aff ini ty to nuclear dye-s tuffs 
(W e y e r 1930, C a l k i n s 1930 b, H. R a a b e 1946). In Plagiotoma lumbrici 
the nucleus is also highly condensed, in interphase no structures are discern-
able in it, and the Feulgen's reaction is much more intense than in Ma. 
The density of the chromatin mater ia l is posssibly much higher in it than in 
Ma although perhaps not so considerable as it has been reported for Bursaria 
truncatella ( R u t h m a n n 1964). It is diff icult to evaluate the degree of 
chromatin condensation in Mi compared with that of Ma, basing only on 
observation. After application of sodium citrate, preparat ions were obtained 
in which chromatin of both the nuclei acquired approximately the same degree 
of looseness in both nuclei and its approximate amount could be compared. 
Those comparisons seem to indicate that Ma contains only 5—15 times more 
chromatin in relation to one Mi. 

During the division of Mi in Plagiotoma, numerous long f i laments become 
visible. They are more or less parallel to one another and to the division axis 
and run along the whole length of Mi (Pl. III 17). The a r ray and homogenity 
of those chromatin elements remind the division of other ciliates. These chro-
matin elements — usually called chromosomes — assume always a position 
paral lel to one another and to the division axis when they lie in the equatorial 
plan of the division figure. Such a chromatin pa t tern was described as meta-
phase by R e g i n a l d and M a n w e 1 1 1928, C a l k i n s 1930 b, K i d d e r 
1933, H. R a a b e 1946, D i 11 e r 1954. In those cases, the length of the chro-
mat in elements equaled no more than half of the nucleus length and they 
were accompanied by f ibri l lar achromatin s tructures of the division spindle 
apparatus . 

The division spindle was described in the major i ty of Mi. It was found 
in Plagiotoma lumbrici by P e r t z e w a 1929 and was accepted as metaphase 
stage together with the chromatin agglomerations which occur simultaneously. 
P e r t z e w a found this stage only twice (pictures 27 and 28 of P e r t z e w a ) 
and was not sure as to its interpretat ion. She considered it as a simplified form 
of mitosis which is common among Protozoa. 

Structures similar to that described above or even still more irregular, 
were known in many ciliates but were ra ther considered as forms of degene-
ration ( C a l k i n s 1930 b). Divisions i l lustrated by P e r t z e w a were presum-
ably of the same character. 

The only stage corresponding to the metaphase would be in Plagiotoma 
lumbrici tha t of the f i laments running along the whole length of Mi (Pl. I l l 17). 
A case of division of Mi similar to that which has been found in Plagiotoma 
lumbrici was described by W e n r i c h 1926 in division of Paramecium 
trichium. Mi is fi l led with long parallel chromatin fi laments. W e n r i c h 
failed to ascertain a typical metaphase or distinct subsequent division stages in 
the case studied by him. The Mi f i laments gradually separate f rom one another 
and condense at the poles. 

In Plagiotoma lumbrici the division of Mi is similar. It was observed in some 
dividing nuclei tha t the f i laments are double but it was hard to establish 
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whe the r they separate or pass as a whole to one pole. In most cases, chro-
mat in of Mi exhibits some deviations f rom the mitotic scheme. G r e 1 1 1950 b — 
considering the above facts — claims that the Mi chromosomes of ciliates occur 
as "Sammelchromosomen" which divide however owing to the spindle. 

Chromosomes linked by their ends often occur in Mi during meiosis in the 
matura t ion divisions (N o 1 a n d 1927, D i 11 e r 1948, R a y 1956, W i c h t e r -
m a n 1937) or in pronuclei ( C a l k i n s 1930 b, W i c h t e r m a n 1937). In the 
divisions of vegetative Mi, chromatin appears in the form of bead str ings e.g 
in Gastrostyla steini ( W e y e r 1930) and undergoes the stages of d i f fe rent 
spiralization which reminds the behaviour of "Sammelchromosomen" in divi-
sion of Ma in Loxophyllum meleagris ( R u t h m a n n 1963). In the division 
of Mi in Uroleptus halseyi, a band constituted of chromatin grains occurs 
( C a l k i n s 1930 b) and in Urostyla grandis the grains in this band are dis-
posed in pairs (H. R a a b e 1946). During division of Mi the position of the 
chromatin elements, which is parallel to the division axis, is similar to the 
positon of "Sammelchromosomen" in division of Aulacantha scolymantha 
(G r e 1 1 1953 a), as well as in Dinoflagellata (G r e 11 1964). 

In those protozoa chromosomes form aggregations and in division the sister 
chromatides shift to one of the poles. Such a division would possibly occur 
in the Mi of ciliates. In a number of ciliates complex segregation of the 
chromatin mater ia l takes place dur ing meiosis. It is often associated wi th 
peculiar mitotic figures, the so-called "parachute stages" as in Oxytricha fallax 
( G r e g o r y 1923). N a n n e y and R u d z i ń s k a 1960 postulate tha t the 
complex processes are associated with the t ransformat ion of the chromat in 
aggregations into chromosomes. This would be in agreement wi th the view 
of D e v i d e and G e i 11 e r (after A 1 f e r t and B a l a m u t h 1957) tha t in 
ciliates, the individual chromosomes in Mi are clearly discernable only dur ing 
meiosis or immediately af ter its completion. 

The chromatin f i laments in Mi of Plagiotoma lumbrici might be the aggre-
gations of chromosomes. In this case the occurrence of Mi with various amounts 
of chromatin would be accounted for (PI. Ill , 20—22). In Hyalospora caridinae 
the difference in the Mi size is a regular phenomenon. In the vegetat ive 
individual its diameter amounts 7 ¡J, and only 2 ¡a in the foront ( M i y a s h i t a 
1933). This phenomenon may be connected with the reduction of the number 
of aggregations comprised in the nucleus. Division of such a "Sammelchromo-
some" Mi might possibly be analogous to the segregation of genoms in Ma. 
In division of Mi in Plagiotoma lumbrici no division centres occur. 

It is difficult to follow the fata of the nuclear membrane of Mi dur ing 
division. It seems that the membrane remains unchanged in the polar par t s 
whereas it is disrupted in the central region during the separation of chromatin 
mass. 

The division period of Mi in Plagiotoma lumbrici as related to the division 
changes in Ma is essentially the same as in most other ciliates (S a i t o and 
S a t o 1961a, C a l k i n s 1930 b, W i c h t e r m a n 1937). 

Nucleoli and RNA 

The Feulgen-negative vacuoles visible in PI. I 4, giving a positive reaction 
a f te r pyronine (PI. I 3) are nucleoli. Nucleoli in the ciliate Ma are considered 
as analogous s tructures to nucleoli of other animal and plant cells on account 
of their cyclic appearance and disappearance during division, as well as of 
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their content of RNA. Disappearing of nucleoli is considered to be associated 
with the passage of RNA to cytoplasm, which may occur — according to the 
view of some authors — more or less explosively and synchronously. Nucleoli 
may be emitted to cytoplasm as e.g. in the rudiment of Ma in Paramecium 
bursaria (E h r e t and P o w e r s 1955), or may pass to cytoplasm prior to 
the division of the cell (K a n e d a 1960, W e n r i c h 1926, S a t o 1963), or 
are emitted to cytoplasm in the in terphase period (G r e 11 1964). 

Most probably the granules x eliminated prior to the division as described 
in some ciliates ( C a l k i n s 1930 b, S u m m e r s 1935, T i 111 e r 1935) cor-
respond to nucleoli. 

In the Ma of Plagiotoma lumbrici nucleoli are visible for a long t ime since 
the beginning of interphase. Towards the end of this phase their number 
diminishes till they disappear completely. Passage of this elements trough the 
nuclear membrane was not observed. Presumably they disappear gradual ly 
within the nucleus similarly as in the other ciliates ( S a t o and S a i t o 1959, 
R u t h m a n n 1963, S c h w a r z 1956). 

In protozoa the nucleoli-organizing chromosomes are known in Zeleriella 
(Opalina) ( C h e n 1936). In the course of development of the Ma primordium, 
the nucleolar s t ructures similarly as chromatin, show a more expressed regu-
larity in ciliates. The association of nucleoli with the site of chromatin fo rma-
tion in the chromosomal s t ructure becomes more distinct. In Bursaria trun-
catella e.g. ( P o l i a n s k y 1934) and in Paramecium caudatum (S a i t o and 
S a t o 1961b), the heterochromatic segments of chromosomes are connected 
with nucleoli. E g e l h a a f 1955 ascertained the occurrence of pairs of nucleoli 
or even groups of pairs in the development of Ma in Paramecium bursaria. 
He even postulated its association with the homologous s t ructures of chro-
matin. In all those cases, any regular i ty in the nucleolar system fails to be 
observable af ter formation of the resting Ma. Possibly the connection of 
nucleoli with the nucleoli-organizing sites in chromosomes is preserved, how -
ever di f ferent secondary links arise as well with chromat ine as wi th the 
other nucleoli (G r e 1 1 1953 a, R u t h m a n n 1963). 

Nucleoli in the Ma f ragments in Plagiotoma lumbrici are distr ibuted more 
or less evenly but without a perceptible regular i ty and with no connection 
with distinct chromatin structures. This is possibly involved by the complexicity 
of the chromosomal s t ructure in the interphase Ma. 

Ma of Plagiotoma lumbrici contains a considerable amount of RNA which 
is not located in nucleoli. This RNA persists in the nucleus for a long period 
of the life cycle, and disappears only in the phase of the early postcondensation. 
In respect to the period of its disappearing f rom the nucleus, it reminds the 
chromosomal RNA of Metazoa ( J a c o b s o n and W e b b af te r K a u f m a n n 
and al. 1960). 

The non-nucleolar RNA structures in Ma of Plagiotoma lumbrici resemble 
to the DNA structures in the division cycle, being however bigger, seemingly 
embracing the chromatin elements. It may be postulated that this is the chro-
mosomal RNA like that which was reported in Ma of other ciliates ( S c h w a r z 
1958, R u t h m a n n and H e c k m a n n 1961, R u t h m a n n 1963). 

R u t h m a n n 1963 reported that the chromosomal RNA m a y be associated 
with numerous loci and in the given t ime only some chromosomes contain RNA. 
Such details could not be observed in the picture of chromosomal RNA in 
Plagiotoma lumbrici. 
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Mi of Plagiotoma lumbrici is comparatively slightly pyronine-positive and — 
similarly as in the case of the Feulgen's test — its staining is homogenous. 
The DNA content in Mi exceeds many times that of RNA, what is still more 
clear when comparing the quanti ty of those two substances in Mi with their 
quant i ty in Ma. If the production of RNA-protein is accepted as indicator of 
metabolic activness of DNA, this example would reflect properly the dominating 
importance of Ma in the life processes of the ciliate and in the expression 
of phenotype ( S o n n e b o r n 1947). This follows f rom the fact that the Ma 
chromatin has other capability of RNA production than the Mi chromatin. 

M o s e s 1950 studying the content of DNA, RNA and protein in Ma and Mi 
of Paramecium aurelia, came to conclusion tha t the difference between those 
nuclei consists only in the di f ferent quanti ty of those compounds, but their 
quant i ty rat io is in both nuclei the same. The funct ional dif ference — accord-
ing to M o s e s — would consist in the quant i ta t ive domination of the Ma 
chromatin. 

It is clear that in the case of Plagiotoma lumbrici, the quant i ta t ive ration 
of the DNA and RNA content is inverse in both nuclei studied. Since the 
differences in the s t ructural organization of chromatin in those nuclei are 
insignificant a suggestion arises that those differences are only qualitative. 
The d i f ferent funct ion of both nuclei in ciliates has been put fo rward long t ime 
ago and the substance evoking this different iat ion was named idiochromatin 
(Mi) and t rophochromatin (Ma). 

This was applied by D i 11 e r 1928 for explaining the role of elimination 
of chromatin f rom the Ma rudiments in Trichodina pediculus. According to 
his view, a f t e r elimination of some amount of chromatin mater ia l which inter-
fered with the trophical functions, only the genuine Ma trophochromatin 
remains. In the light of this view, Mi would differ f rom Ma in posessing 
a certain amount of chromatin non present in Ma and — possibly blocking 
its t rophic functions. It would also indirectly explain the ground of difference 
in the DNA and RNA content in both nuclei in Plagiotoma lumbrici. 

At present it is difficult to ascertain whether this proportion of nucleic 
acids content in the Ma and Mi of ciliates is a rule. 

According to conception of the ciliates Mi is near ly f ree of RNA whereas 
Ma is ve ry rich in this compound. Results obtained by M o s e s 1950 in 
Paramecium aurelia would be — in this respect either erroneous or this ciliate 
is an exception. The differentiat ion of Ma chromatin f rom Mi chromatin by 
elimination of a par t of this substance — as suggested by D i 11 e r 1928 for 
Trichodina pediculus — may be a more common phenomenon in ciliates than 
it is supposed. The cases of chromatin elimination during the development 
of the Ma rudiments are known for a long t ime in many ciliates (M u s 1 o w 
1913, C a l k i n s 1919, K i d d e r 1933, E l l i s 1937, D i l l e r 1954, G o 1 i-
k o v a 1964). 

In the development of Ma pr imordium, in most of cases described, a coales-
ced mass of Feulgen positive mater ia l appears. It is also mentioned by D o g i e 1 
et al. 1962 who called it a kariosom-like body. In some cases this mass is the 
eliminated chromatin described above. If the elimination of chromatin f rom 
the Ma rudiments proved to be a common phenomenon, a real ground for 
the funct ional differentiat ion of both nuclei would be found. In this case such 
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a differentiat ion would remind the different iat ion of somatic and ^generative 
t ract cells known in many Metazoa e.g. Ascaris megalocephala, Cyclops or 
Cycidomyidae (Diptera). 

Faint ly stainable zones 

In the Ma interphase in Plagiotoma lumbrici, stripes of a low stainability, 
distinctly delimited f rom the remaining chromatin, become distinctly visible. 
Their aspect is similar to that of the reorganization areas occurring in Hypo-
tricha. In ciliates endowed with a complex Ma, those stripes appear prior 
the condensation but the time of their persistence may embrace even the whole 
interphase. The reorganization stripes occur synchronously in all the nuclei 
of an individual; the nucleoli disappear earlier than reorganization stripes. 

On the boundary of the stripe and the non-reorganized terr i tory, lies a band 
of a highly stainable chromatin. Outside this band staining of the ter r i tory 
is faint and closely to the reorganized par t the ter r i tory fails to stain at all 
( C a l k i n s 1930 a, W e y e r 1930, T i t t l e r 1935, H. R a a b e 1947, S u m -
m e r s 1935). 

The morphological description of the str ipe has been supported by the 
subsequent autoradiographic investigations, which proved that incorporation 
of thymidin occurs only in the last narrow, completely unstainable region 
( G a l l 1959). 

The zones of a low stainability in Plagiotoma lumbrici resemble to the 
reorganization areas of Hypotricha in their general aspect and in their 
stainability. Nevertheless the differences in the intensity of stainabili ty of 
d i f ferent regions cannot be observed. In many cases only the band of a highly 
stainable chromatin is visible (Pl. II10—11). 

In Pl. II 8 the faintly stainable zone is swollen. Similar pictures a re found 
ra ther often and it may be supposed that they appear as a result of a strong 
despiralization of DNA fibrils in this region, similarly as it was ascertained 
in the reorganization area (K1 u s s 1962). This region is only fa int ly and 
homogenously stained with pyronin; it is however not clear whe ther this 
character of staining is due to despiralization or to loss of a part of RNA. At any 
ra te the above observations fail to supply evidences in favour of the possibility 
tha t RNA synthesis is inhibited in this terr i tory. 

In Plagiotoma lumbrici, the slightly stainable zones are accompanied by 
chromatin elements paral lel to them, lying along the f ragments of Ma 
(Pl. I 5—7). Such s t ructures were not found in reorganization areas of Hypo-
tricha, however in Chlamydodon pedarius a chromatin network was seen at 
this place (K a n e d a 1960). The chromatin strings near the faintly stainable 
zones in Plagiotoma lumbrici distinctly precede the grains on f ibri ls which 
are found in the later periods of the cycle. Such structures are known in the 
division cycle of Hypotricha in the stage of the Ma division ( C a l k i n s 1930 a), 
W e y e r 1930, H. R a a b e 1947). 

S o n n e b o r n 1947 explained the transit ion of the reorganization strands 
in the Ma of Euplotes as a wave of endomitoses progressing across the con-
secutive subnuclei. This theory fails to explain why the reorganization strands 
occur only in a certain group of ciliates although the subnuclei are supposed 
to be common for all the ciliates. 

In ciliates possesing no stripe structure, incorporation of thymidin occurs 
in the whole nucleus un i formly ( G u t t e s and G u 11 e s 1960, R u 1 h m a n n 
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1964). Besides in Hypotricha, the reorganizat ion s t r ipes were found in Chlamy-
dodon pedarius (K a n e d a 1960) and in Heliochona scheuteni ( D o b r z a ń -
s k a - K a c z a n o w s k a 1963). K i m b a l l and P r e s c o t t 1962 suggest 
the t e r m "repl ica t ion s t r ipes" for the reorganizat ion s t r ipes as more sui table 
fo r processes associated wi th this s t ruc ture . In connection wi th the funct ional 
de t e rmina t ion of th is s t ruc ture , t he r e is lack of evidence as to the n a t u r e 
of the zones of a f a in t s ta inabi l i ty in Plagiotoma lumbrici. Only the autoradio-
graph ic s tudy could solve this problem. 

I exp res s m y cordial t hanks to Prof . dr. Zdzisław Raabe for guiding my 
w o r k and for his valuable suggestions, to Doc. dr. I rena Duszyńska and 
A. Kaczanowski M. Sc. for the i r use fu l advices given in the course of my invest-
gat ions and to Dr. J. Dobrzańska-Kaczanowska for critical reading of t he ma-
nuscr ip t and for he r va luable r emarks . 

S u m m a r y 

T h e t r ans fo rma t ions of s t ruc tures occurr ing in Ma and Mi of Plagiotoma 
lumbrici in the course of the i r division cycle have been described. In the 
division cycle, fo l lowing periods w e r e dis t inguished: in terphase, p reconden-
sation, condensat ion and postcondensat ion according to s imilar phases of this 
process in the o ther ciliates. Ma in Plagiotoma lumbrici becomes f r a g m e n t e d 
into a va r i ab le n u m b e r of i r regular pa r t s which fuse together and f o r m one 
mass du r ing division. F i lamentous and g ranu la r s t ruc tu res a re observed in the 
course of this process. They a re t r a n s f o r m e d one into another dur ing division. 
They a r e assumed to be aggregat ions of chromosomes. Mi is a big s t ruc ture 
and its d i ame te r amount s 8 approximate ly . A grea t n u m b e r of un i fo rm 
f i l aments a p p e a r in Mi dur ing division. It may be postula ted tha t they are 
aggregat ions of chromosomes of a s t ruc tu re s imilar to those occurr ing in Ma. 

Mi shows a ve ry low content of RNA and a very high content of DNA when 
compared to t h a t in Ma. This fac t may be considered as expression of d i f fe rence 
be tween the Mi and Ma chromat in . Nucleoli a re p resen t in Ma and d isappear 
in t h e per iod of precondensat ion. At a cer ta in t ime before the condensation, 
zones of a low s ta inabi l i ty appear in Ma. The possibilities of considering t h e m 
as repl ica t ion bands known in Hypotricha is discussed. 

STRESZCZENIE 

Praca zawiera opis przemian struktur występujących w Ma i Mi Plagiotoma 
lumbrici podczas cyklu podziałowego. Cykl podziałowy został podzielony na okresy: 
interfaza, prekondensacja, kondensacja i postkondensacja, w oparciu o podobnie 
przebiegające fazy tego procesu u innych orzęsków. Ma u Plagiotoma lumbrici 
jest rozczłonkowany na zmienną liczbę nieregularnych części, które przed podzia-
łem zlewają się w jedną masę. Podczas tych procesów widoczne są przechodzące 
w siebie wzajemnie nitkowate i ziarniste struktury, interpretowane jako agregaty 
chromosomów. Mi posiada stosunkowo duże rozmiary; jego średnica wynosi około 
8 u. Podczas podziału jądro to wykazuje obecność dużej liczby jednakowych nitek. 
Można wnioskować, że są to agregaty chromosomów zbliżone morfologią do wy-
stępujących w Ma. 
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Mi wykazuje w porównaniu z Ma bardzo niską zawartość RNA przy bardzo du-
żej zawartości DNA. Można to uważać za wyraz różnicy jakościowej między chro-
matyną Mi a chromatyną Ma. W Ma występują nukleole, które znikają w okresie 
prekondensacji. Przez pewien okres przed kondensacją występują we fragmentach 
Ma strefy słabo barwliwe. Przeprowadzono dyskusję o możliwości uznania ich za 
pasma replikacyjne znane u Hypotricha. 
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EXPLANATION OF PLATES I—IV 

Nuclear apparatus of Plagiotoma lumbrici Dujardin 

Interphase 
1: Numerous Ma fragments with aggregations of chromatin and nucleoli, two 
highly stainable Mi. Feulgen. 750 X 
2: Nuclear apparatus Pyronine. 760 X 
3: Nucleoli in Ma. Pyronine. 650 X 
4: Nucleoli in Ma. Feulgen. 760 X 

Precondensation 
5—7: Chromatin structures vertical to the faintly stainable zones. 5 — Feulgen. 
760 X, 6—7 sodium citrate. Feulgen 760 X and 1000 X 
8: Faintly stainable zone distended, ballonlike. Feulgen. 3000 X 
9: Faintly stainable zone. Pyronine. 800 X 

10: Chromatin band adjacent to the faintly stainable zone. Sodium citrate. Feul-
gen 740 X 
11: Faintly stainable zones in all the Ma fragments (one Mi above) Sodium citrate, 
Feulgen. 760 X 

Condensation 
12—13: Chromatin in Ma with swellings; "striation" produced by swelling is seen. 
Sodium citrate. Feulgen. 12 — 740 X, 13 — 780 X 
14: Chromatin grains joined by fibrils and forming beads cords. Regular pattern of 
grains in rows is seen. Two highly stainable Mi. Feulgen. 760 X 
15: Loose structure similar to that in phot. 14. Parts of Ma much enlarged. Sodium 
citrate. Feulgen. 2000 X 
16: Chromatin filaments in Ma. One Mi on the left. Feulgen. 760 X 
17: Chromatin filaments in Ma. Prometaphase in Mi. Filaments in Mi much similar 
to that in Ma at this phase. Feulgen. 800 X 
18: Beginning of anaphase in Mi. Sodium citrate. Feulgen. 1000 X 
19: Beginning of anaphase in Mi. Pattern corresponding to the structure of chro-
matin filaments in Ma. Mi stainless. Pyronine. 2300 X 
20: Chromatin filaments in Ma. Telophase in Mi. Feulgen. 760 X 
21—22: Early telophase in Mi. Rows of chromatin grains on filaments. Feulgen. 
760 X 

Postocondensation 
23: Ma distended before fission. Mi almost stainless on the left. Pyronin. 760 X 
24: Secondary fragmentation of Ma before fission to offspring individuals. Chro-
matin grains bound with the filaments and producing bead cords are seen. A resor-
bed chromatin fragment on the right. Feulgen. 760 X 
25: Fragmentation of Ma. Undivided chromatin part remains between the indivi-
duals. Prother failed to obtain Mi, opisthe contains one Mi at the beginning of the 
anaphase and another one after its second uneven division. Feulgen. 760 X 
26: Fragmentation of Ma. One Mi is more stainable (?) Pyronin. 900 X 
27: Fragmentation of Ma. Two Mi on the left. Pyronin. 760 X 
28: Subsequent fragmentation of Ma. Feulgen. 760 X 
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Изменения количества ДНК и РНК в течение жизненного 
цикла Ichthyophthirius multifiliis 

Quantative changes of DNA and RNA during the life cycle of 
Ichthyophthirius multifiliis 

Цитохимические исследования разных стадий развития Ichthyophthirius 
nultifiliis показали, что в течение его жизненного цикла происходят значи-
тельные колебания в количестве питательных веществ ( M c L e n n a n 1935, 
У с п е н с к а я 1964). Получить представление о динамике нуклеиновых кислот 
: помощью только цитохимических методов не удается. Для того, чтобы про-
редить изменения количества Р Н К на протяжении жизненного цикла ихтио-
фтириуса, выяснить происходит ли во время палинтомического деления, не со-
фовождающегося промежуточными стадиями питания и роста, синтез ДНК мы 
1Спользовали более точную количественную методику. В настоящей работе со-
|бщаются результаты изучения количественных изменений Р Н К и ДНК на 
>азличных стадиях жизненного цикла ихтиофтириуса, полученные с помощью 
щтофотометрии. 

М а т е р и а л и м е т о д и к а 

Материалом для исследования послужили разведенные в лабораторных 
условиях на меченосцах (Xiphophorus helleri) популяции ихтиофтириуса. Под-
шытные рыбы и ихтиофтириусы на всех стадиях содержались при температуре 
;0°С. Трофонты, томонты, томиты на разных этапах палинтомического деления 
i бродяжки приклеивались к предметному стеклу сулемовым фиксатором Нис-
(енбаума ( N i s s e n b a u m 1953). 

Для получения количественных данных по Р Н К использовалась окраска 
вллоцианином в течении 48 часов ( О в ч и н н и к о в а и С е л и в а н о в а 1964), 
;ля измерения количества ДНК — нуклеальная реакция Фельгена время гидро-
;иза 6 минут). Окрашенные тотальные препараты фотометрировались на спек-
трофотометре МУФ-4 методом сканирования. Для определения количества ДНК 
оотометрирование производилось в зеленой линии спектра (длина волны 546 m^), 
г для определения количества Р Н К — в желтой линии спектра (длина волны 
Г79 т/г). 
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Методика фот ометрирования и последующей обработки результатов о п и -
сана в п р е д ы д у щ и х работах ( О в ч и н н и к о в а и др. 1963, С h е i s s i n and 
oth. 1963, R a i k o v and oth. 1963). П л о щ а д и исследуемого объекта (S), в ы р а -
ж е н н ы е в к в а д р а т н ы х сантиметрах , определялись по м и к р о ф о т о г р а ф и я м , п о л у -
ченным на МУФ-4 . Количество Д Н К и Р Н К (Q) дается в относительных е д и -
ницах . 

Д л я того, чтобы выяснить , сколько делений претерпевает трофонт при 20°С 
производились подсчеты числа бродяжек , п о л у ч е н н ы х из одной особи, а кроме 
того в ы ч и с л я л с я объем восьмидневного трофонта (объем шара) и объем томитов, 
п о л у ч е н н ы х в р е з у л ь т а т е последнего деления (готовые к выходу бродяжки) , 
и по отношению объема т р о ф о н т а к объему б р о д я ж к и судили о количестве в ы -
ш е д ш и х из трофонта бродяжек , а следовательно и о числе п р о д е л а н н ы х делений. 
К а к п о к а з а л и подсчеты, при температуре 20°С и х т и о ф т и р и у с ы п р о д е л ы в а ю т 
обычно десять делений, в р е з у л ь т а т е чего, в случае нормального равномерного 
деления томитов, получается 1024 б р о д я ж к и . 

П р и определении среднего количества Р Н К (Q рнк) У р а з л и ч н ы х стадий 
ихтиофтириуса расчет велся на весь объем к л е т к и без в ы ч е т а объема м а к р о -
нуклеуса так, к а к будто бы к л е т к а не имеет ядра , и Р Н К равномерно р а с п р е -
делена во всем ее объеме. Дело в том, что на стадиях д е л е н и я м а к р о н у к л е у с 
и х т и о ф т и р и у с а имеет очень н е п р а в и л ь н у ю ф о р м у и в ы ч и с л и т ь точно его объем 
трудно. Однако, чтобы оценить значение этой ошибки, м ы в ы ч и с л и л и в е л и ч и н у 
Q цитоплазмы, равную Q рнк минус Q макронуклеуса , у томонта и у б р о д я ж е к . 

М акрон уклеус на этих стадиях имеет п р а в и л ь н у ю ф о р м у эллипсоида в р а -
щ е н и я и, таким образом, его Q может быть легко вычислено , исходя из ф о р м у л ы 
объема эллипсоида в р а щ е н и я (V). Б ы л о вычислено , что у б р о д я ж к и V ядра со-
ставляет в среднем 9/100 от объема целой клетки , а у томонта V ядра составляет 
в среднем 8/100 от V целой клетки . Соответственно Q рнк я д р а б р о д я ж к и будет 
равно 9/100 от Q рнк б р о д я ж к и , a Q рнк ядра томонта 8/100 от Q рнк томонта. 
Внося потравку в среднее значение Q рнк на этих стадиях , м ы убедились, что 
допущенная ошибка не в л и я е т существенно на п о л у ч а ю щ у ю с я к а р т и н у и по-
рядок величин остается п р е ж н и м . Т а к у томонта Q рнк без п о п р а в к и равно 
512.96 X 10—6, а с поправкой — 471.92 X 10—6; у б р о д я ж к и Q рнк без п о п р а в к и 
равно 1.81 X 10—6, а с поправкой — 1.65 X 10—6. Поэтому, хотя приводимые нами 
в таблице (Таблица 5) з н а ч е н и я Q рнк о к а з ы в а ю т с я н е с к о л ь к о з а в ы ш е н н ы м и , 
ошибкой этой м о ж н о пренебречь . 

И з м е р е н и я количества Р Н К производились нами у стадии т р о ф о н т а в пер-
в ы е сутки после з а р а ж е н и я р ы б ы ; у трофонтов в возрасте 8 суток; у только что 
осевших д л я инцистирования томонтов; у стадии 2, 8, 32, 512 томитов и у бро-
д я ж е к в п е р в ы е сутки их свободного п л а в а н и я (1024 томита). 

Я д е р н ы й аппарат и х т и о ф т и р и у с а состоит из одного крупного макронуклеуса 
и одного микронуклеуса . В стадии трофонта м и к р о н у к л е у с плотно п р и м ы к а е т 
к макроиуклеусу ( M c L e n n a n 1935, N i e D a s h u and L e e L i e n - S i a n g 
1960), или д а ж е находится в особом углублении в м а к р о н у к л е у с е ( H a a s 1933), 
и на препаратах , о к р а ш е н н ы х по Фельгену , совершенно неразличим. После в ы -
хода т р о ф о н т а из рыбы, в период его свободного п л а в а н и я и образования цисты, 
микронуклеус мигрирует к п е р и ф е р и и к л е т к и и приступает к митотическому 
делению. Во время митоза он о б н а р у ж и в а е т очень слабое о к р а ш и в а н и е по Ф е л ь -
гену. К р о м е того, на п е р в ы х этапах палинтомического д е л е н и я цитоплазма и х т и -
офтириуса буквально забита з а глоченными к л е т к а м и т к а н е й хозяина , я д р а ко -
торых интенсивно к р а с я т с я по Фельгену , что затрудняет измерение количества 
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ДНК в слабоокрашивающихся в этот период микронуклеусах. На более поздних 
этапах деления (8—16 томитов) иногда можно найти микронуклеусы в интер-
фазном периоде, но интерфаза, видимо, очень коротка и собрать достаточное 
количество материала с такими микронуклеусами трудно. На этих ж е стадиях 
происходит элиминация хроматина из макронуклеуса, и появлется опасность 
спутать микронуклеус с выделенными глыбками хроматина, тем более, что они 
имеют часто совершенно округлую форму и близки по размерам к микронукле-
усу ( H a a s 1933, B u s c h k i e l 1936, У с п е н с к а я 1964 и др.). 

Наиболее надежным материалом для количественных измерений ДНК в ми-
кронуклеусе являются последний стадии деления, бродяжки и молодые тро-
фонты. Поскольку при 20°С ихтиофтириусы проделывают десять делений 
и дают 1024 бродяжки, то, следовательно, образованию бродяжек предшествует 
стадия 512 томитов. Измерения количества ДНК в микронуклеусе производились 
на стадии 512 томитов; у бродяжек на первые сутки после выхода из цисты 
(1024 томита) и у молодых трофонтов в первые двое суток после заражения рыбы. 

Измерение количества ДНК в макронуклеусе производилось у трофонтов 
на первые сутки после заражения рыбы, у трофонтов в возрасте восьми суток, 
способных уже покинуть рыбу и перейти к размножению, у стадии 2 томитов, 
8 томитов, 16 томитов, 64 томитов, 512 томитов и у бродяжек в первые сутки 
после выхода их из цисты. 

Р е з у л ь т а т ы и с с л е д о в а н и я 

Изменение количества ДНК в микронуклеусе на разных стадиях жизнен-
ного цикла ихтиофтириуса. 

Приведенные в Таблице 1 данные показывают, что на стадии 512 томитов 
среднее количество ДНК в микронуклеусе каждого томита в два раза больше, 
чем у бродяжки в первые сутки ее свободного плавания. Можно думать, что 
у томитов перед последним делением микронуклеусы находятся в постсинтети-
ческом периоде (G2), затем происходит еще одно деление, и образовавшиеся 
бродяжки покидают цисту. У бродяжек микронуклеус находится в пресинте-
тическом состоянии (G,). Период свободного плавания бродяжек очень непро-
должителен и при 20°С не превышает обычно двух суток. Достигнув хозяина 
и внедрившись в него бродяжка превращается в молодого трофонта. Только 
в хозяине вновь начинается синтез ДНК в микронуклеусе. В первые сутки па-
разитирования трофонтов их микронуклеусы, находясь на промежуточных ста-
диях синтеза (S), обладают большим, чем у бродяжек, но не двойным количеством 
ДНК. На вторые сутки паразитирования количество ДНК в микронуклеусе удва-
ивается по сравнению с таковым у бродяжки, т. е. микронуклеус достигает пост-
синтетического периода. На этом этапе микронуклеус уже приближен к поверх-
ности макронуклеуса и вскоре примыкает к нему и становится неразличимым. 
Таким образом, пресинтетический микронуклеус ихтиофтириуса имеет в сред-
нем 0.0174 + 0.0010 X Ю- 6 единицы, а постсинтетический — 0.0370 ± 0.0020 X 10—6 

единиц ДНК. 

Изменения количества ДНК в макронуклеусе в течение жизненного цикла 
ихтиофтириуса. 

Большим количеством работ ( S o n n e b o r n 1947, G r e l l 1950, 1953, М о-
s e s 1950, W a l k e r and M i t c h i s o n 1957, G a l l 1959, W o o d a r d , G e l b e r 
and S w i f t 1961, R u t h m a n n and H e c k m a n n 1961, R a i k o v and oth. 
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Таблица 1 

Изменение количества ДНК (Q днк) в микронуклеусе ихтиофтириуса 

Cuanti tat ive changes of DNA (С DNA) IN micronucleus of Ichthyophthirius 

Стадия 
Stage 

Количество 
микронуклеусов 
Numter of Mi 

Среднее количество 
ДНК «Зднк) в Ми 

в усл. един. 
Mean content of DNA 

( Q D N A ) i n M i i n a r -

bitr. units 

Средняя площадь Ми 
(s) в см2. 

Mean ггеа of Mi in cm2 

512 томитов 
512 tomits 

32 0.0370 ± 0.0020 0.00136 ± 0.00005 

Бродяжка (1021 томита) 
Free-swimming indivi-
dual (1024 tomits) 

30 0.0174 ± 0.0010 0.00100 ± 0.00005 

Трофонт в 1-ые сутки 
после заражения 
Tropi ont 1 day after pe-
netration into the fish 

8 0.0260 ± 0,0007 0.00175 ± 0.00015 

Трофонт на 2-ые сутки 
после заражения 
Trophont 2 days after ре-
netration into the fish 

35 0.0360 ± 0.0020 0.00310 ± 0.00016 

В Т а б л и ц а х 1—5 в з н а ч е н и я х к о л и ч е с т в а Д Н К и Р Н К м н о ж и т е л ь X Ю - 6 а в з н а ч е -
н и я х п л о щ а д и М и и M a — X 10—в о п у с к а е т с я . 

In T a b l e s 1—5 in d e t e r m i n a t i o n s of D N A a n d R N A c o n t e n t t h e c o e f f i c i e n t X10 6 and in 
d e t e r m i n a t i o n s of Mi a n d Ma a r e a t h e c o e f f i c i e n t of X 10~4 a r e o m i t t e d . 

1963, C h e i s s i n and oth. 1964 и др.), доказано, что макронуклеус многих инфу-
зорий является высокополиплоидным ядром. То ж е можно сказать и о макро-
нуклеусе ихтиофтириуса. Макронуклеус зрелого трофонта имеет во много раз 
большее количество ДНК, чем микронуклеус. 

Как было показано в предыдущем параграфе, бродяжка, после выхода 
из цисты, обладает пресинтетическим микронуклеусом. Количество ДНК в ма-
кронуклеусе бродяжки в это время в два раза меньше количества ДНК в макро-
нуклеусе томитов перед последним делением (512 томитов) (Таблица 2), т. е. 
синтез ДНК в нем еще не начался. После же попадания бродяжки в рыбу, уже 
на вторые сутки, количество ДНК в макронуклеусе молодого трофонта увели-
чивается вдвое по сравнению с бродяжкой, а на восьмые сутки паразитирования 
среднее количество ДНК в макронуклеусе трофонта достигает уже 130.56 + 
± 7.23 X 10—6 единиц (Таблица 2). 

Отношение пресинтетического макронзчслеуса к пресинтетическому микро-
нуклеусу бродяжки составляет 24. Если считать микронуклеус диплоидным, то 
плоидность макронуклеуса бродяжки будет равна 48 п. Что касается плоидности 
макронуклеуса восьмидневного трофонта, то ее довольно трудно определить 
точно, по той причине, что число 130.56 + 7-23 X Ю - 6 , характеризирующее среднее 
количество ДНК в макронуклеусе этой стадии является средним, полученным 
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от количества ДНК в ядрах, находящихся на разных стадиях синтеза после по-
следнего эндомитоза. 

Однако, поскольку у бродяжек, на первые сутки их свободного плавания, 
макронуклеус определенно находится в пресинтетическом периоде (Q = 0.41 X 
X 10—6), то можно вычислить, сколько эндомитозов должен проделать макро-
нуклеус бродяжки после внедрения ее в рыбу, чтобы количество ДНК в нем 
достигло величины, характерной для макронуклеуса зрелого трофонта. 

Оказывается, что 8 эндомитозов привели бы к образованию ядра со средним 
количеством ДНК равным 104.96 X 10—6 единиц, а 9 эндомитозов дали бы 
209.92 X 10—6 единиц ДНК. Таким образом, число 104.96 X 10—6 должно было бы 
характеризовать среднее количество ДНК в пресинтетическом макронуклеусе 
после восьмого эндомитоза (период Gj) а число 209.92 X 10 - и в постсинтетическом 
макронуклеусе (период G2) промежуточные же значения Q принадлежали бы 
ядрам, находящимся на различных этапах синтеза ДНК, т. е. в периоде S. Эти 
цифры укладываются в ряд значений Однк, полученных с помощью цитофото-
метрии для восьмидневных трофонтов (величина Q колеблется от 70.56 до 
286.55 X Ю-6). 

После достижения ядрами периода G2 происходит их разделение. Среднее 
количество ДНК в макронуклеусе каждого из двух дочерних томитов, получив-
шихся в результате первого деления, по цитофотометрическим данным равно 
101.47 X 10—6, т. е. довольно близко к цифре 104.96 X 10—6 полученной при ра-
счете, исходя из ядра бродяжки. Должно быть среди измеренных нами на этой 
стадии жизненного цикла макронуклеусов большинство находилось в пер-
иоде Gx. 

Действительно, если разбить все промеренные у восьмидневных трофонтов 
и на стадии двух томитов макронуклеусы на группы, одна из которых объединит 
ядра, находящиеся в периоде Gt (до 105 X 10—6 ед.), другая — ядра в периоде 

Gг 

В 

Рис. 1. Сравнение количества макронукле-
усов на различных уровнях синтеза ДНК 
на стадии трофонта (А) и стадии 2-х 

томитов (В) 

Fig. 1. The comparison of amount of Ma at. 
different levels of DNA synthesis at the 
stage of trophont (A) and the stage of 2 

tomits (B) 

S (до 210 X 10—к ед.) и третья в периоде G2 (210 X 10—6 ед. и выше), то получится 
следующая картина, отраженная в диаграмме (Рис. 1 А, В). Так как мы и ожи-
дали, среди восьмидневных трофонтов у большинства уже начался синтез ДНК 
(Рис. 1 А) и потому среднее значение Q их макронуклеуса занимает промежуточ-
ное положение между Q пресинтетического и Q постсинтетического макрону-
клеуса. Среди ж е макронуклеусов особей, закончивших первое деление, боль-
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шая часть еще не приступила к синтезу ДНК (Рис. 1 В) и находится в пер-
иоде Gj. 

Приведенные данные говорят о том, что полученная нами при расчете 
из макронуклеуса бродяжки величина Q пресинтетического ядра трофонта рав-
ная 104.92 X 10~6 единиц близка к истинной, и число эндомитозов, которое про-
делывает Ма трофонта за 8 суток паразитирования, действительно равно 8. 
Тогда плоидность макронуклеуса трофонта, проделавшего с момента внедрения 
в рыбу 8 эндомитозов, возрастет с 48 п (плоидность макронуклеуса бродяжки) 
до 12608 п. 

На восьмые сутки паразитирования при 20°С трофонт достигает зрелости, 
достаточной для того, чтобы приступить к размножению, и будучи снят с рыбы, 
начинает делиться, давая в результате полноценных инвазионных бродяжек. 
Но, как уже говорилось, при 20°С совершается обычно 10 делений и, таким 
образом, оказывается, что при равномерном делении макронуклеуса последо-
вательно на два, имеющегося в нем количества ДНК не хватило бы для того, 
чтобы в результате получился 48 плоидный макронуклеус бродяжки, содер-
жащий 0.41 X 10—6 единиц ДНК. 

В Таблице 3, в графе 3 приведены истинные количества ДНК в макрону-
клеусе каждой из изученных стадий, в графах же с 4-ой по 9-ую показано, как 
должно было бы меняться количество ДНК в макронуклеусе по мере деления, 
в том случае, если бы синтеза вообще не было (4-я графа), если бы он прекра-
тился на стадии двух томитов (5-я графа), восьми томитов (6-я графа), 16 то-
митов (7-я графа), 64 томитов (8-я графа), 512 томитов (9-я графа). 

При рассмотрении приведенных в таблице столбцов чисел, можно видеть, 
что у ж е начиная со стадии восьми томитов имеющегося в их макронуклеусе 
количества ДНК достаточно, чтобы в результате простого последовательного 
деления на два, не сопровождающегося синтезом ДНК, из них получились бы 
макронуклеусы 1024 томитов с нормальным для этой стадии количеством ДНК 
(0.41 X 10—6). Если мы сравним цифры граф 7, 8, 9 и 10 с цифрами из графы 3, 
то увидим, что предполагаемые и истинные значения Q довольно близки. На-
пример, приведенные в графе 7-й предполагаемое значение Q для 64 томитов — 
11.78 X Ю - 6 , тогда как истинное значение Q для этой стадии — 11.16 X —6 Начи-
ная с графы 7 предполагаемые значения Q для бродяжек (1024 томита) завы-
шены по сравнению с истинными, но именно со стадии 16 томитов начинается 
элиминация части хроматина ( H a a s 1933, M c L e n n a n 1935, У с п е н с к а я 
1964 и др.). Как показали измерения, количество ДНК в выброшенных кусках 
довольно велико, и на стадии 16 томитов составляет 0.1 часть, а на стадии 64 то-
митов от 0.03 до 0.1 части от Q макронуклеуса. Благодаря выбросу хроматина 
должна сгладиться разница между предполагаемым и истинным значением Q 
на последних этапах деления. Подобная элиминация хроматина из макрону-
клеуса отмечена и у многих других инфузорий ( C a l k i n s 1930, К i d d e r 1934, 
K i d d e r and C l a f f 1938, B u r t , К i d d e r and C l a f f 1941, T a y l o r and 
G a r n j o b s t 1941, P a i n t e r 1945, S e s h a c h a r 1960, 1963, B e e r s 1963 и др.). 
Одни авторы считают, что таким образом происходит „очищение" макронукле-
уса от продуктов обмена ( C a l k i n s 1930, K i d d e r 1934), другие отмечают, 
что выброс части хроматина способствует обогащению цитоплазмы нуклеино-
выми кислотами ( P a i n t e r 1945, S e s h a c h a r 1947, D a s s 1950, D y s a r t 
1963 и др.). 

Существует также предположение, что при этом происходит регуляция пло-
идности макронуклеуса и тем самым предотвращается гиперплоидия 
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F a u г e -F r e m i e t 1953). Таким образом можно думать, что при 20°С восьмиднев-
ный трофонт, покинувший рыбу и инцистировавшийся, во время первых 3-х — 
4-х делений продолжает синтезировать ДНК за счет каких-то имеющихся 
в клетке рессурсов, начиная же со стадии 8-16 томитов синтез прекращается 
и происходит простое, приблизительно равномерное распределение геномов 
между дочерними особями. 

Изменение количества Р Н К в течение жизненного цикла ихтиофтириуса. 

К а к показали измерения, проведенные на галлоцианиновых препаратах 
среднее количество цитоплазменной РНК у восьмидневного трофонта составляет 
687.00 ± 56.50 X 10—6 единиц (Таблица 4). 

Макронуклеус его в это время содержит многочисленные нуклеолы. После 
выхода ихтиофтириуса из рыбы, во время свободного плавания и инцистиро-
вания происходит, видимо, какой-то расход цитоплазменной РНК и среднее ее 
количество у томонта снижается до 512.96 + 35.14 X 10—6. Сразу же после инци-
стирования, в связи с подготовкой макронуклеуса к делению наблюдается исчез-
новение нуклеол ( У с п е н с к а я 1964), количество же РНК цитоплазмы в пер-
иод первого деления сильно возрастает, в связи с чем у каждого из двух 
дочерних томитов среднее количество РНК превышает таковое в материнской 
особи (Таблица 4). Существует взгляд, что Р Н К нуклеол, после их разрушения 
может переходить в цитоплазму и этот взгляд подкрепляется эксперименталь-
ными данными (Б р а ш е 1960, Ц а н е в и М а р к о в 1964). Имеются т а к ж е 
данные о выбросе нуклеол в цитоплазму некоторых инфузорий ( C a l k i n s 1919, 
1930, E h r e t and P o w e r s 1955, С у х а н о в а 1960, Р а й к о в 1959, 1963). 
Возможно, что это справедливо и для ихтиофтириуса, и тогда обогащение цито-
плазмы рибонуклеиновой кислотой, в начале деления, можно отнести за счет 
выхода нуклеол в цитоплазму. 

В результате 10 последовательных делений образуются бродяжки со средним 
количеством Р Н К равным 1.81 + 0.14 X 10—15 единиц. Для того, чтобы выяснить, 
происходит ли во время деления расход цитоплазменной РНК, в Таблице 5 
сравнивается истинное количество Р Н К на разных стадиях жизненного цикла 
(графа 3) с количеством ее, которое должно было бы получиться, если бы име-
ющаяся в цитоплазме токонта Р Н К распределялась во время деления поровну 
между дочерними особиями (графа 4). Сравнение проводится начиная со второго 
деления, т. к. перед первым делением предполагается обогащение цитоплазмы 
Р Н К за счет выхода нуклеол. Рассматривая приведенные в таблице цифры, 
мы видим, что везде истинные количество Р Н К выше ожидаемых на той же 
стадии и, таким образом, суммарное количество Р Н К в цисте не снижается по 
сравнению с ее количеством у томонта. Напротив, создается даже впечатление, 
что для получения бродяжек со средним количеством Р Н К равным 1.81 X 10—6 

единиц нужно было бы предположить некоторое увеличение РНК во время де-
ления, т. к. эта величина превышает ожидаемую. К а к у ж е упоминалось раньше, 
начиная со стадии 16 томитов происходит частичная элиминация хроматина 
из макронуклеуса и если правилен взгляд, что выбрасывание хроматина в ци-
топлазму способствует обогащению последней нуклеиновым материалом, то мо-
жет быть этот выброс, составляющий у ихтиофтириуса от 0.03 до 0.1 части от 
ДНК макронуклеуса как-то влияет на колебания количества Р Н К цитоплазмы 
во время деления. Однако правильность такого предположения не имеет в на-
стоящее время достаточных доказательств. 
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Таблица 5 
Сравнение истинного количества РНК (QPHK) У каждой стадии деления ихтио-
фтириуса с количеством РНК ожидаемым в случае отсутствия расхода и синтеза 

при равномерном ее распределении между дочерними особями 

The comparison of the real RNA (QRNA) content at each stages of division of 
Ichthyophthirius with the expected RNA content in the case of its equal distribu-

tion among daughter individuals 

Стадия 
Stage 

Количество 
особей 

Number of 
specimens 

Истинное количество 
РНК С Q P H K ) У каждой 

стадии в усл. един. 
Real RNA content 
( Q R N A ) in each stages. 

in arbitr. units 

Ожидаемое при рав-
номерном распределе-
нии количество РНК 
( Q P H K ) В усл. един. 
Expected RNA con-
t e n t ( Q R N A ) i n t h e 

case of equal distribu-
tion, in arbitr. units 

Трофон 8 суток 
Trophont 8 days old 

27 687.00 ± 56.50 687.00 

Только что осевший 
и инцистировшийся 
томонт 
Tomont immediately 
after encysting 

27 512.96 ± 35.14 512.96 

2 томита 
2 tomits 42 550.00 ± 41.88 550.00 

4 томита 
4 tomits — — 275.00 

8 томитов 
8 tomits 18 153.55 ± 14.89 137.50 

16 томитов 
16 tomits — — 68.75 

32 томита 
32 tomits 32 53.06 ± 2.61 34.38 

64 томита 
64 tomits — — 17.16 

128 томтсв 
128 tomits — — 8.58 

256 томитов 
256 tomits — — 4.29 

512 томитов 
512 tomits 55 4.00 ± 0.21 2.15 

Бродяжки 
Free-swimming indi-
viduals 

32 1.81 ± 0.14 1.08 
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На стадии 512 томитов в макронуклеусе каждого из них вновь появляются 
крупные нуклеолы, которыми обладает и бродяжка. После попадания бродяжки 
в нового хозяина она превращается в трофонта, и уже в первые сутки паразити-
рования количество РНК становится в нем в 3 раза больше, чем у бродяжек 
(Таблица 4). На протяжении паразитической стадии идет синтез РНК. 

Данные о колебаниях количества РНК носят еще очень предварительный 
характер и не могут расцениваться как точные, хотя бы потому, что галло-
цианин дает суммарное окрашивание различных типов РНК, доля которых 
в разные моменты жизненного цикла ихтиофтириуса пока еще совершенно не 
ясна. Кроме Р Н К галлоцианин может также неспецифически окрашивать неко-
торые другие компоненты цитоплазмы ( П и р с 1963). Приведенные нами коли-
чественные данные могут считаться лишь ориентировочными, могущими помочь 
при дальнейшем изучении обмена у ихтиофтириуса. 

Р е з ю м е 

У Ichthyophthirius multifiliis макронуклеус (Ma) высокополиплоиден: у бро-
дяжек, полученных при 20°С, плоидность равна 48 п, плоидность Ма зрелого 
трофонта определена приблизителько как 12000 п. 

В цисте в процессе палинтомии, при 20°С, ихтиофтириус проделывает 10 де-
лений. Во время палинтомического деления на первых его этапах (3-4 деления) 
происходит синтез ДНК в Ма, а начиная со стадии 8-10 томитов синтез ее пре-
кращается и совёршается простое разделение геномов, приблизительно поровну, 
между дочерними особями. 

У бродяжек в течение их свободного плавания микронуклеус (Ми) и макро-
нуклеус находятся на пресинтетическом уровне. После внедрения бродяжек 
в хозяина начинается вновь синтез ДНК в ядрах. На вторые сутки паразитиро-
вания, при 20°С, Ми достигает постсинтетического состояния. К этому времени 
Ми приближается к Ма и становится неразличимым. В таком состоянии он, ви-
димо, сохраняется до первого деления. Ма за 8 суток паразитирования, при 
20°С, проделывает 8 эндомитозов, после чего ихтиофтириус становится спо-
собным к размножению. 

Количество Р Н К цитоплазмы увеличивается у трофонта с каждым днем 
его паразитирования. После того, во время короткого периода плавания и инци-
стирования томонта, количество Р Н К сильно уменьшается, а во время подготовки 
к первому делению вновь сильно возрастает, возможно за счет выхода в цито-
плазму нуклеол из Ма. Во время палинтомического деления не происходит сни-
жения общего количества РНК, напротив, создается впечатление, что суммар-
ное ее количество в цисте несколько возрастает. Объяснение этому пока еще 
не найдено и данные по динамике Р Н К нужно рассматривать как предвари-
тельные и ориентировочные. 

SUMMARY 

Macronucleus of Ichthyophthirius multifiliis is a highly polyploid nueleus. Po-
ploidy degree of presynthetic macronucleus of f ree-swimming stages of Ichthyo-
phthirius appeares to be 48 n. Polyploidy degree of macronucleus of the maturę 
trophont may be approximately estimated as 12000 n. 8 endomitosis take place in 
macronucleus for 8 days of parasitic life. 
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During the process of palintomy Ichthyophthirius undergoes 10 divisions inside 
the cyst at 20°C. At the first stages of palintomic division (3 or 4 divisions) the 
synthesis of DNA takes place. At the stage of 8-16 tomits (at 20°C) synthesis of DNA 
stops and simple, equal distribution of genoms among daughter idividuals occurs. 

At the free-swimming stage macronucleus and micronucleus are at the presyn-
thetic level. Only after the penetration of free-swimming individual into a host 
skin the synthesis of DNA in micronucleus and macronucleus begins again. In 
48 hours the amount of DNA of micronucleus of a young trophont reaches the 
postsynthetic level. At this moment micronucleus approaches macronucleus and 
soon becomes invisible. At this level it is obviously preserved till the first division. 
Macronucleus of trophont undergoes 8 endomitoses for 8 days of parasitic life at 
20°C. Afterwards Ichthyophthirius is able to multiply. 

The RNA content in cytoplasm during the parasitic stage of ciliates increases. 
After leaving the fish, during the short period of free-swimming and encysting of 
tomont a certain decrease of RNA content takes place. Then, before the first divi-
sion considerable increase of RNA amount occurs apparently due to RNA of nuceoli 
wich are thrown out from macronucleus. There is some evidence that during pa-
lintomic division the decrease of RNA does not occur and the RNA is distributed 
among the daughter individuals. The amount of RNA at some stages of palintomic 
division seemes to increase somewhat but we have not sufficient data to explain 
this phenomenon at present. The data on RNA dinamics must be considered as 
preliminary. 
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J e r z y S I K O R A 

Immobilization by homologous antiserum and antigenic 
transformation in Paramecium aurelia in relation to the 

ionic composition of medium 

I m m o b i l i z a c j a p o d w p ł y w e m h o m o l o g i c z n e j s u r o w i c y i t r a n s f o r m a c j a 
a n t y g e n o w a Paramecium aurelia w za l eżnośc i od j o n o w e g o s k ł a d u ś r o d o -

w i s k a 

The ex tens ive s tudies of ant igens in Paramecium aurelia ( S o n n e b o r n 
1943 a, b, 1948, 1950 a, b, 1957, S o n n e b o r n and L e S u e r 1948, A u s t i n 
1951, 1957, 1959, 1963 a, b, A u s t i n , W i d m a y e r and W a l k e r 1956, B e a -
1 e 1948, 1952, 1954, 1957) gave foundat ion to the knowledge of the role of 
immobil iz ing ant igens in cytoplasmic inher i tance in those protozoa. 

The immobi l iza t ion in P. aurelia by the homologous an t i se rum is evoked 
by the immunologica l reac t ion of the ant igen prote ins of the pellicle and cilia 
w i t h the ant ibodies (B e a 1 e and K a ć s e r 1957, B e a 1 e and M o t t 1962). 
This react ion has possibly a charac te r and a course which a re s l ight ly d i f f e ren t 
f r o m those of the react ion "in v i t ro" of the pu re f rac t ion of ant igen protein 
and a p u r e f rac t ion of antibodies, as it occurs in the gel d i f fus ion method 
( P r e e r 1959 a, b, B a l b i n d e r and P r e e r 1959, F i n g e r 1956, 1957, 
F i n g e r and H e l l e r 1963, 1964, F i n g e r , H e l l e r and G r e e n 1962, 
F i n g e r , H e l l e r and S m i t h 1963, S e e d , S h a f e r , F i n g e r and H e l -
1 e r 1964). 

The analys is of physiological consequences of immobil izat ion in Paramecium, 
requires a de te rmina t ion of condit ions in which the immobil izat ion reaction 
occurs. 

The app rop r i a t e h igh concentra t ion of t h e an t i se rum (antibodies) is the 
necessary condit ion of occurrence of the immobil izat ion reaction. B e a 1 e 1948, 
1954 demons t r a t ed tha t t he " immobil izat ion t ime" is propor t ional to the degree 
of di lut ion of t he s e r u m used i.e. the h igher the di lut ion of s e rum the longer 
the t ime till al l the p a r a m e c i a a re immobilized. This ru le holds t rue in the 
range of immobil izat ion t ime above 10 min. Observat ions of B i s h o p 1963 
proved t h a t t h e va lues of immobil izat ion t ime below 10 min. assume a cha-
rac ter of a non- rec t i l inea r in terdependence , i.e. t he fa l l of the se rum dilution 
(or rise of ant ibodies concentra t ion) is not accompanied by a propor t ional acce-
lerat ion of the immobi l iza t ion rate. 

A u s t i n 1959 observed the inf luence of pH of the med ium upon the ant i -
gen t r ans fo rma t ion . B e a 1 e 1953, 1954 provided a n u m b e r of da ta about the 
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possibil i ty of induct ion of the an t igen t r ans fo rma t ion by means of h igh 
(sublethal) concentra t ions of var ious sal ts as: NaCl, CaCl2 and others. 

Other fac tors of ex te rna l med ium which might in f luence the immobil izat ion 
phenomenon, have not been invest igated in a regu la r w a y as yet. An a t t empt of 
t he p resen t s tudy was to analyse the action of pH and some cations on t h e 
immobil izat ion react ion and t r ans fo rma t ion of se ro type in Paramecium aurelia 
induced by t r e a t m e n t w i t h homologous an t i se rum. 

The au thor wishes to express his t hanks to Dr. S. Dryl , D e p a r t m e n t of Bio-
logy, M. Nencki Ins t i tu te of E x p e r i m e n t a l Biology in Warsaw, for his pa t ient 
gu idance th roughout the work and for crit ical r ead ing of the manuscr ip t . 

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

The object of s tudy w e r e serotypes 51 A and 51 B of Paramecium aurelia, 
sygen 4 (free of "kappa") 1 . 

The monobacter ia l cu l ture was car r ied out according to the s l ight ly modi-
f ied method of S o n n e b o r n 1950 b: let tuce was dr ied in a continuous cur-
r en t of air, at a t e m p e r a t u r e of about 60—70°C for 48 hours. For p repa r ing the 
aquous ex t rac t (water bidest i l led in glass) 1,5 g. of le t tuce powder per 1 1 was 
used and steri l ized in autoclave at 1,5 Atm. for 1 hour in glass containers of 
a capaci ty not exceeding 2 1. The aquous le t tuce ex t rac t was inoculated wi th 
Aerobacter aerogenes (strain K — 7, f r o m the collection N. C. T. C. in London). 

Ant isera w e r e produced according to the method of S o n n e b o r n 1950 b. 
A dense suspension of pa ramec ia (105 specimens/ml) was p r epa red f r o m P. au-
relia cu l ture 99—100°/o p u r e in re la t ion to the r ep resen ted antigen. Suspension 
w a s kep t f rozen at — 20°C in re f r ige ra to r , mel ted be fo re the use and injected 
in t ravenous ly to the rabb i t s twice a week, consecutively in increasing doses* 
0.1, 0.2, 0.4, 0.5, 0.6, 0.7 ml. 

S e r u m obtained f r o m t h e immunized rabbi t s (10 days a f t e r the last in jec-
tion) was hea ted at 56°C for 30 min. Samples of ant isera w e r e kept in r e f r i -
ge ra to r in sea led-up ampoules . 

Ident i f icat ion of def ined serotypes was p e r f o r m e d a t the t e m p e r a t u r e of 
27°C. Antiseru m was di luted in M i c h a e l i s phospha te b u f f e r at pH 7.1 in 
wh ich K 2 H P 0 4 was subs t i tuded by N a 2 H P 0 4 . 

As a measu re of in tens i ty of immobi l izat ion process in paramecia by the 
homologous an t i se rum, the t i m e o f i m m o b i l i z a t i o n was accepted i.e. 
t he t ime f r o m the m c m e n t of placing the ciliates in the homologous an t i se rum 
(in a def ined dilution), ti l l the m o m e n t of complete immobil izat ion of 90°/o of 
individuals . The r a t e of immobil izat ion may be expressed as inverse of immobi-
l ization t ime. 

The s tudy of the inf luence of the ion composition of m e d i u m upon the im-
mobil izat ion t ime of se ro type 51 A was carr ied out in the fol lowing manne r : 

a. T h e homologous anti-51 A se rum (exper imenta l series) was di luted in 
t h e b u f f e r solution of a known composition and concentra t ion of cations. As con-
trol, the non-homologous anti-51 D se rum in analogous b u f f e r solutions was 
applied. 

1 The strain of P. aurelia as well as the standard antisera were provided by the 
Zoological Institute of Indiana University owing to the kindness of prof. T. M. Son-
neborn. 
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b. pH of the p r epa red solutions was de te rmined potent iometr ica l ly by means 
of he pH-me te r of the type "Cambr idge" . 

c. Over 100 individuals of pa ramecia in the vo lume of 0.1 ml. of expe r imen-
ta l f lu id w e r e in t roduced into 2 ml of di luted an t i serum, and mixed subsequen-
tly. T ime of exposu re was measu red wi th a s top-watch. 

The same procedure (as in b and c) was appl ied in the control series, excep t 
tha t t he ciliates w e r e exposed to the solution of non-homologeus ant i serum. 

In this w a y the inf luence of pH as wel l as t ha t of chlorides of Na + , K + , 
C a 2 + , M g 2 + and B a 2 + was examined. Observat ions w e r e car r ied out dur ing 
two houres and in some cases even longer. The t i t r e of the ant isera used 
amoun ted about 1:400 at pH 7 according the cr i ter ion of t i t re evaluat ion appl ied 
b y B e a 1 e 1948. 

T h e in f luence of the ion composition in m e d i u m upon the ant igenic t r a n -
s format ion 51 A to 51 B induced by the homologous an t i se rum was stut ied by 
the fol lowing method : 

a. Expe r imen ta l solutions of a def ined p H and of a sui table concentra t ion of 
cations (chlorides) w e r e p repared . 

b. Pa ramec ia w e r e exposed to solution containing the homologous anti-51 A 
s e r u m (exper imenta l series), or the non-homologous ant i-51 D se rum (control 
series) for 2 hours at 18°C. 

c. Pa ramec ia w e r e r insed wi th the nu t r i en t inoculated wi th bacter ia . 
d. Individuals which were previously isolated w e r e incubated for 72 hours 

at 18°C and the serotypes of the obtained clones w e r e ascer ta ined. 
P rocedure in the control series was the same as in b, c, d, except paramecia 

were exposed to the non-homologous ant i -51 D serum. 
By this p rocedure the inf luence of ex te rna l pH and of d i f f e r en t concentra-

tions of NaCl, KC1, CaCl2 and MgCl2 was examined . The t i t r e of the sera 
appl ied amounted 1 : 400 at pH 7. 

Another series of expe r imen t s concerned the inf luence of the exper imen ta l 
m e d i u m of a k n o w n ion composit ion upon t r ans fo rma t ion of 51 A to 51 B or 
other serotypes wi thou t exposure of an imals to homologous ant i serum. P a r a -
mecia were exposed to a long-last ing (2—72 hrs.) action of d i f f e ren t salt con-
centrat ions: NaCl, KC1, LiCl, CaCl2 , MgCl2 , SrCl2 , BaCl2 , MnCl2 , CoCl2, NiCl2 , 
N a H 2 P 0 4 , N a 2 H P 0 4 , sodium ci t rate and EDTA. Fol lowing b u f f e r solutions w e r e 
appl ied: phosphate-c i t ra te b u f f e r according to Dryl 1959, 1961, phosphate b u f f e r 
a f t e r M i c h a e l i s , t r is w i th HC1, t r is maleic acid, ace ta te b u f f e r and ph tha l a t e 
bu f f e r . 

T h e intensi ty of t r ans fo rma t ion was expressed as t r a n s f o r m a t i o n 
l e v e l i.e. by percen tage of individuals or clones acqui r ing a serotype d i f f e r en t 
f rom the init ial one as a resul t of t he ant igenic t rans format ion . 

R e s u l t s 

T h e immobil izat ion t ime at d i f f e r en t pH of med ium 

P a r a m e c i a of t he serotype 51 A w e r e subjec ted to the action of the anti-51 A 
se rum in tr is b u f f e r wi th maleic acid (I) at the range of p H 5.7—8.2 and in 
modif ied Michaelis phospha te b u f f e r (II) at pH 5.6—8.3. As fol lows f r o m the 
immobil izat ion t ime is the shortest i.e. immobil izat ion occurs most rap id ly at 
pH 5.8. With the g radua l alkal inizat ion of medium, the t ime of immobil izat ion 
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becomes prolonged and at pH 7.0 for tris with maleic acid and at pH 7.4 for 
Michaelis phosphate buffer , it reaches 120 minutes. More prolonged observa-
tions proved that between pH 7 and 8 only a par t ia l immobilization occurs a f te r 
120 min. i.e. a decrease of the movement ra te of a var iable intensity. A complete 
immobilization of more than 50% individuals takes place only af ter 4—5 hours. 
Above pH 8 no immobilization was observed and only in some individuals 
a slight reduction of the movement ra te was noticed. 

IMMOBILIZATION TIME 
(MINUTES) 

In the medium in which immobilization occurs most rapidly, it concerns not 
only the somatic cilia but the peristomal ones as well. 

The curves which il lustrate the immobilization t ime at various pH values in 
phosphate buf fe r of Michaelis and tris buf fe r with maleic acid have a similar 
and nearly parallel course. Possibly the difference of values a f te r separate 
measurments of both curves is involved by d i f ferent concentration of electro-
lytes in both buffers . 

The observations described above have been supported by the study of 
immobilization t ime in serotype 51 B af te r the action of anti-51 B serum at 
d i f ferent pH values. 

The influence of cations on the immobilization t ime 

The influence of ions upon binding the antigen with antibody cannot be 
separated f rom the influence of external pH. Some of the chlorides hydrolizę 
when dissolved in water and their solutions show therefore d i f ferent pH values. 
Besides, the slightly alkaline reaction of the serum involves a necessity of stu-
dying the effects of cations in modified phosphate bu f f e r of Michaelis. Its mo-
dification consisted in replacing K 2 H P 0 4 by Na 2 HP0 4 . As a result , in the expe-
rimental buf fe r solution sodium cations were present only (except for some 
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ins igni f icant concentra t ion of e lectrolytes contained in the di luted serum), which 
m a d e possible the analysis of action of single cation only. 

The scheme of e x p e r i m e n t s on the effects of d i f f e r en t cations was similar 
to t h e expe r imen t s on the in f luence of p H upon the immobil izat ion time. 

IMMOBILIZATION TIME 

Fig. 2. Immobilization time of serotype 51 A. P. aure-
lia evoked by anti-51 A serum, in relation to pH and 
different cationic composition of the medium. Obser-
vations carried out in phosphate buffer of Michaelis 

(modified). Salt concentration 4 mM. 

T h e resul ts a r e p r e s e n t e d in Fig. 2. They show the dependence of immobi-
lization t ime on t h e p resence of cations: N a + , K + , C a 2 + , M g 2 + and B a 2 + in the 
phospha te b u f f e r m e d i u m in concentra t ion 2 mM. 

Curves of d i f f e r e n t va lues bu t of s imilar course w e r e obtained (Fig. 3 
and 4). In all t h e cases the alkal inizat ion of m e d i u m evoked an elongation of 
immobil izat ion t ime. 
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Fig. 3. Immobilization time of sero-
type 51 A. P. aurelia evoked by 
anti-51 A serum in various concen-
trations of CaCl2 and at various val-
ues of pH obtained by means of 
phosphate buffer of Michaelis (mo-

dified) 

32 m M, 
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8 m M 
,4mM 
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Fig. 4. Immobilization time of serotype 51 A P. aurelia evoked by anti-51 A serum 
in different concentrations of NaCl and at different pH valeus obtained by m e a c 

of phosphate buffer of Michaelis (modified) 

The inf luence of ex t e rna l pH upon the ant igenic t r ans fo rma t ion of sero-
type 51 A to 51 B 

T h e inf luence of pH of m e d i u m upon the ant igenic t r ans fo rma t ion was 
s tudied a f t e r a shor t - las t ing exposure of pa ramec ia to the expe r imen ta l me-
dium. It seemed tha t since ex t e rna l p H is a decisive fac tor for demons t ra t ing 
t h e products of b inding the ant igen wi th the ant ibodies in f o r m of a visible 
react ion i.e. immobil izat ion — consequent ly the ant igenic t r ans fo rmat ion , which 
is caused by the same factor , would also depend on this fac tor in a decisive 
degree. The m e a n resul ts obtained a f t e r applicat ion of t he modi f ied phosphate 
b u f f e r of Michaelis and the phospha te -c i t ra te b u f f e r of Dry l a r e i l lus t ra ted 
in the d i ag ram (Fig. 5). It m a y be concluded f r o m the above data tha t in the 
acidic range, the va lue nea r pH 4.8 is the b o u n d a r y m a r k i n g the inhibit ion 
of ant igenic t rans format ion . The f i r s t m a x i m u m of f r e q u e n c y of t r ans fo rma t ion 
was found at p H 5.6 fol lowed by a slight decrease w i t h the lowest point at 
pH 7.1, and then by an increase wi th a second m a x i m u m at p H 8.3. The sub-
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sequent a lkal inizat ion involves decrease of t r ans fo rma t ion f requency . A distinct 
in te rdependence be tween ex t e rna l pH values and the level of t r ans fo rma t ion 
was not observed. At p H 5.8 even a v e r y shor t - las t ing exposure (10 min.) of 
pa ramec ia to homologous an t i se rum induced almost 100% t r ans fo rma t ion of 
se ro type 51 A to 51 B. 

In all the control expe r imen t s negat ive resul ts w e r e obtained i.e. t r ans fo r -
mat ion fa i led to occur w i thou t homologous an t i se rum t r ea tmen t of a f t e r t r ea t -
ment wi th non-homologous an t i se rum at all pH values examined. 
% TRANSFORMATION 

TO 51 B 

Fig. 5. Relation between the frequency of the antigenic transformation 51 A to 51 B 
P. aurelia induced by the homologous antiserum treatment at temp. 18°C and the 

pH of the exposure medium 

T h e ef fec ts of cations on the ant igenic t r ans fo rma t ion 51 A to 51 B 
T h e in f luence of cat ions upon the f r e q u e n c y of antigenic t r ans fo rmat ion 

induced by homologous an t i se rum t r ea tmen t depends both on their concentra-
tion and on the k ind of appl ied bu f fe r . As a ru le the f r e q u e n c y of antigenic 
t r ans fo rmat ion decreases as the concentrat ion of cation increases and this is 
more dist inct in the phospha te b u f f e r at pH 7.0 (Fig. 6) t han in t r is b u f f e r 
wi th HC1 (Fig. 7). In the phospha te b u f f e r the level of t r ans fo rma t ion is near ly 
twice as h igh as at the same concentra t ions of sal ts dissolved in tr is b u f f e r 
wi th HC1. Howeve r essent ial d i f fe rences in the action of actions w e r e not 
found. 

No t r ans fo rma t ion of ant igenic type could be s ta ted w h e n paramecia were 
exposed to d i f f e r en t concentra t ions of NaCl, KC1, LiCl, CaCl2 , MgCl2 , BaCl2 , 
MnCl2 , CoCl2, NiCl2 , N a H 2 P 0 4 , N a 2 H P 0 4 , sodium ci t ra te and EDTA, provided 
that pa ramec ia w e r e not t r ea ted s imul taneously wi th homologous an t i serum. 
It should be pointed out in this connection tha t no ant igenic t r ans fo rma t ion 
was noticed in controls, i.e. in animals exposed to non-homologous an t i se rum. 

D i s c u s s i o n 

Immobi l iza t ion of P. aurelia a f t e r homologous an t i se rum t r e a t m e n t is the 
resul t of an immunological react ion be tween the ant igen prote ins of pellicle 
and cilia and the hcmologous ant ibodies as it was suggested by B e a 1 e and 
K a c s e r 1957, B e a 1 e and M o 1 1 1962, M o 11 1965. 
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The resul ts of the present s tudy concerning the inf luence of the ion compo-
sition of med ium upon the course of immobil izat ion react ion seem to suppor t 
the above hypothesis since the re a re m a n y points s imi la r to the da ta achieved 
in s tudies on the dynamics of b inding of ant ibodies wi th the ant igens in o ther 
organisms. This seems to indicate the common background of those phenomena . 

C a n n and C l a r k 1956 analyzed the kinetics of the react ion ant igen — 

% TRANSFORMATION 

log CONCENTRATION(mM) 

Fig. 6. Relation between the frequency of the antigenic transformation 51 A to 51 B 
P. aurelia induced by homologous antiserum treatment and the concentration of 

salts in the Michaelis phosphate buffer (modified) at pH 7.0 and 18°C 

Fig. 7. Relation between the frequency of the antigenic transformation 51 A to 51 B 
P. aurelia induced by homologous antiserum treatment and the concentration of 

salts in the tris — HC1 buffer at pH 7.0 and temp. 18°C 
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ant ibody using the antigen of bacteriophage T2r+ and a purif ied fraction of 
specific ant iserum. It follows f rom their study that the reaction consists in 
binding the antigen with antibody by means of electrostatic forces. Changes in 
ex te rna l pH and salt concentration may modify — according to C a n n and 
C l a r k 1956 — the range and optimal points of the highest activity by al ter ing 
the number of electrostatic charges in the proteins of bacteriophage and ant i-
bodies. At low concentrations of NaCl, (3 mM) the opt imum of neutralization 
of bacteriophage by pure fractions of homologous ant iserum (of rabbit) takes 
place at pH 5.7 with a simultaneous abrupt fall of activity both in the acidous 
and the alkaline range of pH. The rise of concentration of NaCl up to 150 mM 
evokes a general decrease of activity level of the reaction elements. 

Similar results have been reported b y T s u j i , D a v i s and S o w i n s k i 
1960 in their work on inhibition of oxidation of luciferine by luciferase (enzyme 
of the marine crustacean Cipridina hilgendorfii) caused by antibodies specific 
for luciferase. Those f indings indicate that pH 5.4 presents the optimal condi-
t ion for the ra te of binding the antigen with the antibody. Fur ther analysis 
of the pH influence as well as that of NaCl concentration (T s u j i, D a v i s 
and G i n d 1 e r 1962) is essentially consistent with the findings of C a n n and 
C l a r k 1956. T s u j i , D a v i s and G i n d 1 e r 1962 indicate that the ra te of 
inactivation of luciferase rises with the acidification of medium f rom pH 7.0 
to pH 5.0 and this process is the more intense the lower is the initial concentra-
tion of NaCl. The activating influence of the decreasing NaCl concentration has 
the character of an asymptote. 

Considering the above results it may be assumed that the data of the present 
s tudy on the action of ion composition of medium upon the immobilization of 
Paramecium by the specifie ant iserum — seem to support the concept of reac-
tion mechanism: antigen — antibody, as put fo rward by T s u j i , D a v i s and 
G i n d 1 e r 1962. This hypothesis suggests that electrostatic forces of proteins 
wi th opposite charges are responsible for binding antibody with antigen. The 
degree of dif ferent ia t ion of charges depends on the pH of isoelectric points. 
Therefore in the case of bacteriophage T2r f , the isoelectric point of its proteins 
is a t pH 4 and the highest point of reactivity is pH 5.7. The highest intensity 
of inactivation of luciferase (isoelectric point at pH 3.3) was at pH 5.4. It has 
been reported by S t e e r s 1961, 1962, that the isoelectric point of antigen pro-
tein of Paramecium aurelia 51 A is at pH 4.0 whereas the isoelectric point of 
rabbi t gamma globuline is at pH 5.8 (T i s e 1 i u s and K a b a t 1939). Con-
sequently the immobilization optimum in Paramecium aurelia reported in the 
present study might be in agreement with the above hypothesis. 

The role of various electrolytes in the course of immobilization is essentially 
similar. Nevertheless a range of cations was determined according to thei r 
capabili ty of diminishing the ra te of immobilization by homologous ant i serum 
as follows: Ba 2 + > C a 2 + > Mg 2 + > N a + > K + . This range resembles to that 
reported by G r o s s b e r g , C h e n , R e d i n a and P r e s s m a n 1962 
(Ba2+ > Ca2 + > Mg2+ > Cs+ > Rb+ > NH4

f > K+ > Na+ > Li+) concerning the 
influence of ions upon acceleration of hapten binding by antibodies. In con-
trast to pH, the role of various ions is less distinct. The role of electrolytes con-
centration is not elucidated either. T s u j i , D a v i d and G i n d 1 e r 1962 sug-
gest that the role of of higher concentrations of NaCl consists in diminishing 
the potential C both in antigen and in the antibody. This promotes its salut ing 
out by dehydrat ion and entrance of their molecules in the action field of the 
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Van der Waals forces. In this case the rise of the NaCl concent ra t ion would in-
hibi t the activeness of the subs t ra te in react ion ant igen — ant ibody by dimi-
nishing the ef fec t ive concentrat ion of its components. The probabi l i ty of the i r 
collision diminishes and t h e ra te of react ion decreases as well . 

The au thor fa i led to evoke the ant igen t r ans fo rma t ion of the se ro type 51 A 
in Paramecium aurelia by means of var ious (even sublethal) concentra t ions of 
electrolytes. This was an a t t empt of repea t ing the expe r imen t s of B e a 1 e 1953, 
1954. However , the ant igen t r ans fo rma t ion reaction evoked by the homologous 
an t i s e rum m a y be modi f ied by salts and by d i f f e r en t va lues of ex t e rna l pH. 
These facts seem to indicate tha t ant igenic t r ans fo rma t ion m a y be considered 
as a phenomenon accompanying the process of b inding ant igen w i t h an t ibody 
a l though this process is not a lways revea led in a visible f o r m owing the uns ta -
ble physicochemical conditions of medium. In the l ight of this concept t h e 
resul ts of pH inf luence upon ant igenic t r ans fo rmat ion a t t he r ange above 8 
(Fig. 1 and 5) become comprehensible . Despi te the lack of immobil izat ion, the 
t r ans fo rma t ion occurs at a r a the r high level. 

A suggestion arises t ha t the phenomena under s tudy: immobi l izat ion and 
the process which evokes direct ly the ant igenic t r ans fo rma t ion by homologous 
an t i se rum, are two phases of b inding ant igen and ant ibody ( Z a b ł o c k i 1959). 
The f i rs t phase of this process — which fai ls to appear in a visible f o r m — 
would correspond to the process which init iates the ant igenic t r ans fo rmat ion . 
The nex t phase would correspond to immobil izat ion as to the s tage w h e n reac-
tion products become visible. This phase is ev ident ly connected w i t h a n u m b e r 
of fac tors in ex te rna l m e d i u m as p H and k ind and concentra t ion of salts. 

S u m m a r y 

Results of the s tudy indicate tha t in Paramecium aurelia, the in tens i ty of 
immobil izat ion a f t e r t r e a t m e n t wi th homologous an t i se rum, measu red by the 
t ime of immobilization, depends on t h e p H of m e d i u m and on concentra t ion of 
salts. The m a x i m a l immobil izat ion r a t e occurs at pH 5.8. It was ascertained, 
tha t in the expe r imen ted range of chloriedes the in tensi ty of immobil izat ion 
react ion is inversely propor t ional to concentrat ion of electrolyte. The b ivalent 
cations (Ba 2 + > C a 2 + > Mg 2 + ) act s t ronger than the un iva len t (Na+ > K + ) . 

The antigenic t r ans fo rma t ion of the serotype 51 A to 51 B evoked by the 
homologous an t i se rum, m a y be modi f ied by the ionic composit ion and by pH 
of the med ium to which paramecia a re exposed in the s e r u m solution. It is 
suggested tha t t r ans fo rma t ion m a y be induced by the rea l b inding of t he immo-
bil ization ant igen of cilia and of the pellicle w i th homologous ant ibodies wi thout 
revea l ing this process in the f o r m of immobil izat ion since th is second pheno-
menon depends on the appropr ia t e physico — chemical condit ions in ex te rna l 
medium. 

STRESZCZENIE 

Otrzymane wyniki wskazują, że intensywność immobilizacji serotypów Para-
mecium aurelia pod wpływem homologicznej surowicy odpornościowej, mierzona 
czasem immobilizacji, jest uzależniona od pH środowiska i od stężenia soli. Ma-
ksimum szybkości immobilizacji występuje przy pH 5.8. Stwierdzono, że w bada-
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nym zakresie stężeń soli chlorowych intensywność przebiegu immobilizacji jest 
odwrotnie proporcjonalna do stężenia. Dwu-wartościowe kationy Ba2+ > Ca2+ ^ 
^ Mg2+ działają intensywniej niż jednowartościowe N a + > K + . 

Transformacja antygenowa serotypu 51 A do 51 B wzbudzona homologiczną su-
rowicą może być modyfikowana składem jonowym i pH środowiska w którym na-
stępuje ekspozycja pantofelków do roztworu surowicy. Sugeruje się, że transfor-
macja może być indukowana przez rzeczywiste połączenie się antygenu immobiliza-
cyjnego rzęsek i pellikuli z homologicznymi przeciwciałami, bez uwidocznienia te-
go faktu w postaci immobilizacji, wymagającej odpowiednich warunków fizyko-
chemicznych środowiska. 
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Acriflavin-induced akinetoplasty in Crithidia fasciculata 

L ' é t a t a k i n e t o p l a s t i q u e i n d u i t p a r l ' a c r i f l a v i n e chez C. fasciculata 

The kinetoplas t or k ine tonucleus m a y be considered a character is t ic o rgan-
elle of m e m b e r s of the f a m i l y Trypanosomatidae a l though it has been repor ted 
to be absent f r o m a cer ta in percen tage of the individuals of var ious s t ra ins 
of Trypanosoma evansi and f r o m all individuals of T. equinum. It now seems 
agreed tha t this organel le is distinct f r o m both the b lepharoplas t and the pa ra -
basa l body. Recently, it has become an object of r enewed interes t fol lowing 
the demons t ra t ion by two d i f f e r en t techniques ( C o s g r o v e and A n d e r s o n 
1954, S t e i n e r t , F i r k e t and S t e i n e r t 1958) tha t it contains deoxy-
r ibonucleic acid. However , its s ta inabi l i ty w i th J a n u s green and other mito-
chondr ia l s ta ins and the in te rp re ta t ion of its appea rance in electron mic rographs 
led C l a r k and W a l l a c e 1960 to iden t i fy it as a mitochondrion, an in ter -
pre ta t ion which scarcely suff ices to account for the presence of a re la t ive ly 
l a rge amoun t of deoxyr ibonucle ic acid in it. S t e i n e r t and S t e i n e r t 1962 
h a v e advanced the idea "d 'un kinétonucléus de s t ruc tu re et de func t ion typi -
q u e m e n t nucléaires , qui t r a n s m e t t r a i t les in format ions génét iques nécessaires 
à la synthèse des enzymes respi ra to i res généra lement associés aux mitochon-
dries ." 

W e r b i t z k i 1910 showed tha t akinetoplast ic s t ra ins of Trypanosoma sp. 
could be produced by drugs ; H o a r e repor ted the spontaneous appearance 
of akinetoplas t ic s t ra ins of T. evansi and T. equiperdum and of akinetoplas t ic 
individuals of var ious o ther species (reviewed by H o a r e 1954). T r a g e r 
and R u d z i ń s k a 1964 have shown tha t acr i f lavin, added to a def ined 
med ium for Leishmania tarentolae, e i ther inhibi ted g rowth wi thou t producing 
akinetoplas t ic f o rms (at l imi t ing levels of r ibof lavin) or, a t h igher concentrat ions 
of r ibof lavin , p roduced u p to 70% akinetoplast ic individuals . C o s g r o v e and 
M c S w a i n 1960 repor ted the spontaneous occurrence, in cultures, of f r o m 
0.1 to 0.5°/o akinetoplas t ic individuals in seven species ( represent ing the genera 
Leptomonas, Crithidia and Blastocrithidia) of t rypanosomids f r o m insects and 
the product ion of 25% to 30% akinetoplast ic individuals in cul tures of Crithidia 
fasciculata to which acr i f l av in had been added. This paper presents the resul ts 
of f u r t h e r s tudies of the product ion of akinetoplast ic individuals of C. fasci-
culata. 
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M a t e r i a l s a n d m e t h o d s 

Crithidia fasciculata (ATCC 11745) was g rown axenical ly at 25°C in the 
yeas t ex t r ac t -hemin m e d i u m used in o ther invest igat ions ( C o s g r o v e 1959). 
A stock solution of 1% acr i f lavin , neu t r a l U S P in glass-dist i l led wa te r was 
autoclaved separa te ly and added aseptical ly to the desired concentrat ions. For 
microscopic study, an a l iquot of cul ture was r emoved and the organisms 
in it concentra ted by cent r i fugat ion , t hen resuspended in a f e w drops of di luted 
duck p lasma (organisms suspended in p lasma stain much more sat isfactor i ly 
w i th Giemsa t h a n those suspended in salt solutions). Smears w e r e a i r -dr ied 
and s ta ined wi th Giemsa or we t - f i xed (Carnoy) and s ta ined wi th Lillie's Feul -
gen. In de te rmin ing the percen tage of akinetoplas t ic individuals , all organisms 
in 100 r andomly selected f ie lds w e r e counted and classified. Organisms in 
division were counted as two individuals only if two separa te nuclei w e r e 
present . Popula t ion counts w e r e made wi th a hemocy tomete r on al iquots 
r emoved f rom a wel ' l-mixed cul ture and f ixed wi th an equa l vo lume of Bouin 's 
f ixa t ive . 

R e s u l t s 

Popula t ions of this f lage l la te g rowing on both the rout ine yeas t ex t r ac t -hemin 
m e d i u m and on the much r icher diphasic med ium of P h i l l i p s 1951 used 
for main ta in ing stock cul tures contain about 0.1°/o akinetoplast ic individuals . 
As can be seen f r o m Fig. l v th is va lue can be raised to approx imate ly 48% 
by g rowth in a med ium containing 30 |ng acr i f lavin per ml. When the med ium 
contained grea te r concentra t ions of acr i f lavin, the percen t of akinetoplast ic 
individuals decreased sharply . In all concentrat ions of ac r i f l av in which resul ted 
in increased percentages of akinetoplas t ic individuals , some increase in n u m -
bers of f lagel la tes occurred, bu t in the h igher concentra t ions of acr i f lavin 
(above 80 p,g per ml.) no increase in total populat ion or in percent of akineto-
plast ic individuals occurred. These re la t ionships a re to be expected if the 
product ion of akinetoplas t ic individuals requ i res cell division. Sta ined pre-
para t ions of control and expe r imen ta l cu l tures showed m a n y stages of cell-
division like those of P la t e I 7 w i th two complete k inetoplas ts fo rmed before 
nuc lear division begins. Division f igures l ike those in P la te I (9, 10) w e r e found 
only in expe r imen ta l acr i f lavin-conta in ing cultures. Note tha t completion of 
cytokinesis in the indiv idual of P la te I (10) would have produced one akineto-
plast ic (marked wi th the arrow), and one normal daugh te r ; t he single kineto-
plas t of this individual appea r s to be the same size as the kinetoplasts in 
P l a t e I (1). Ca re fu l examina t ion of these slides fai led to yield any evidence for 
dissolution of the kinetoplast ; the organel le is e i ther absent or present in at 
least the same mean size and wi th t h e same Giemsa and Feulgen s ta inabi l i ty 
as in dividing individuals f r o m control cul tures . 

G r o w t h of cul tures was not iceably s lower in the presence of 30 jag acr i f lavin 
per ml. The curve of Fig. 2 shews tha t g rowth is l inear, as opposed to the 
character is t ic sigmoid curve shown by control cultures. The l inear g rowth 
agrees well w i th the microscopical evidence t h a t an akinetoplast ic individual 
resul ts f r o m fa i lu re of the k inetoplas t to dupl ica te be fo re cytokinesis is com-
plete, if we assume tha t akinetoplas t ic individuals a re e i ther incapable of 
division or divide much less f r equen t l y than no rma l individuals. 

A sys temat ic search for dividing akinetoplas t ic individuals resul ted in f ind-

http://rcin.org.pl



A K I N E T O P L A S T Y I N CRITHIDIA FASCICULATA 157 

ACRIFLAVIN ( M9 P6f ml ) 

Fig. 1. Maximum percentage of akinetoplastic individuals in cultures containing 
various concentrations of acriflavin 

Fig. 2. A. Growth curve in yeast extract-hemin medium with 30 |.ig acriflavin/ml. 
B. Percentage of akinetoplastic individuals in the populations of curve A 
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ing (PI. I 11) t h r ee binucleate , b i f lagel la te individuals wi thout k inetoplas ts out 
of 10 345 akinetoplast ic individuals examined (a percentage occurrence of 
0.029%). On the same slides, 0.60% of the kinetoplast ic individuals w e r e in 
division by these cr i ter ia . 

To test f u r t h e r this assumption, cul tures containing about 45% ak ine to -
plast ic individuals w e r e di luted wi th steri le amphib ian Ringer wi th glucose, 
or w i th ster i le P h i l l i p s' over lay or w i th s ter i le 50% duck plasma, so as to 
conta in be tween 500 and 1000 individuals per ml. Al iquots (0.1 ml) of th is 
d i lu ted mate r ia l w e r e pipet ted on the su r face of blood agar plates, and s m e a r e d 
u n i f o r m l y over the sur face wi th a s ter i le glass rod. Incubat ion in moist cham-
bers for th ree weeks at 25°C, w i th examina t ion at in te rva ls of f ive days, gave 
t h e resul ts in Table 1. It is a p p a r e n t tha t the number of colonies is a l w a y s 
app rox ima te ly the same as the n u m b e r of no rma l individuals in the inoculum, 
as would be expected if t he akinetoplas t ic individuals a re incapable of pro-
ducing viable daughte r cells th rough several successive generat ions. Since most 
of the colonies w e r e easily visible a f t e r f ive days incubat ion and r ema ined as 
discrete p in-poin t colonies for the ent i re th ree weeks, t he resul ts in T a b l e 1 
a r e not dis tor ted by ove rg rowth of akinetoplast ic colonies by normal ones. 

Table 1 
Results of plating experiments to determine reproductive 

ability of akinetoplastic individuals 

% akinetoplastic mean number of colonies 
individuals in organisms per per plate 

inoculum 0.1 ml. inoculum predicted** observed 

45 62 (8)* 34 25 (5)* 
43 75 (6)* 32 34 (7)* 
0.5 (control) 99 (11)* 99 101 (12)* 

* standard errors 
** assuming that akinetoplastic individuals cannot reproduce 
Medium: Yeast extract-hemin plus 5% agar. Inoculum grown in medium 

without acriflavin (control) or with 30 txg/ml acriflavin. 

D i s c u s s i o n 

F r o m the l i t e ra tu re on the spontaneous or induced occurrence of ak ine to -
plast ic individuals and strains, t h ree quest ions become appa ren t : (1) how is the 
akinetoplas t ic condition produced? (2) can a kinetoplast , once lost, be r egene-
ra t ed? (3) in w h a t w a y s a re akinetoplast ic and normal individuals d i f f e r e n t ? 
The m a m m a l i a n t rypanosome mate r i a l which has been used so f a r f o r most 
s tudies of akinetoplast ic phenomena is not par t icu la r ly favorable for answer ing 
any of these quest ions since the species used can be cul t ivated only wi th 
d i f f i cu l ty and, in most species, t he kinetoplasts are qu i te small. Whi le f ina l 
an swer s to these th ree quest ions cannot be given as a resul t of this s tudy, 
p robab le answers can be offered. 

Loss of the k inetoplas t might be due e i ther to dissolution of the s t r u c t u r e 
u n d e r the inf luence of t he drug, or to f a i lu re of it to dupl icate in t i m e for 
a daugh te r k inetoplas t to be d is t r ibuted to each daugh te r f lagel la te . The 
p resen t s tudy shows t h a t an akinetoplas t ic individual resuls f r o m f a i l u r e of 
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the k ine toplas t to dupl ica te pr ior to cell division; such kinetoplas ts are of nor -
m a l size and ca re fu l examina t ion of s ta ined p repa ra t ions fails to reveal a n y 
d iminut ion in size, s ta inabi l i ty or o ther aspect which might be in te rpre ted a s 
pa r t of a process of dissolution. This in te rp re ta t ion is s t r eng thened by the f ind-
ing that the d r u g does not p roduce akinetoplast ic individuals at concentrat ions 
which p r e v e n t all mul t ipl icat ion, nor does it a f fec t k inetoplas t appearance in 
surv iv ing individuals at such concentrat ions. It is also consistent wi th the spon-
taneous occurrence of akinetoplas t ic individuals in C. fasciculata and in var ious 
species of Trypanosoma. On the o ther hand, the repor t of T r a g e r and R u-
d z i n s k a 1964 indicates t h a t dissolution of the kinetoplas t m a y wel l occur 
in Leishmania tarentolae. The i r electron micrographs show extensive disorgan-
ization of t h e DNA-conta in ing portion, as well as o ther serious s t ruc tu ra l 
defects. An a t t rac t ive hypothes is for all these ef fec ts is t hâ t acr i f lavin in ter-
f e re s wi th the reading of t he DNA for replication, which is suf f ic ient ly delayed 
so t h a t repl icat ion of t h e en t i re kinetoplas t is e i ther p reven ted or imper fec t 
at t he fo l lowing division as a resul t of insuff ic ient DNA. Depending upon the 
t ime re la t ions of k ine toplas t duplicat ion and cell division, t he re would be pro-
duced e i the r the ef fec t descr ibed in this pape r or the degenera t ive ef fec t 
descr ibed by T r a g e r and R u d z i ń s k a . Using the technic of S t e i n e r t 
and S t e i n e r t 1962 i t has been shown tha t division of the kinetoplast in 
C. fasciculata precedes cell division by only 5—7 minutes ; even a minor in te r -
fe rence wi th DNA dupl icat ion would seem inevi tably to produce akinetoplast ic 
offspr ing. 

T h e mechan ism for such in te r fe rence seems most p robab ly to lie in the 
k n o w n abil i ty of DNA to bind acr i f lav in (and re la ted molecules) in so in t imate 
a fashion as to produce s ter ic in te r fe rence wi th duplicat ion of the nucleic acid 
molecule. T h e grea te r e f fec t of acr i f lav in on kinetoplast DNA than on nuclear 
DNA would seem to have its basis in the b inding at aden ine - thymine (A-T) 
base pai rs (C h a m b r o n et al. 1964) and the probable h igher aden ine - thymine 
content of k inetoplas t as opposed to nuclear DNA ( M a r m u r et al. 1963; 
D u B u y et. al. 1965). Di f fe rences in A-T content of nuclear and kinetoplast ic 
DNA, as indicated by t h e r epor t of M a r m u r et al, would expla in d i f -
ferences in the e f fec t iveness of acr i f lavin in producing akinetoplas ty in dif-
f e r en t species. 

S u m m a r y 

Cul t iva t ion of Crithidia fasciculata in the presence of acr i f lavin (30 ij-g/ml) 
resul ts in about 48°/o of akinetoplas t ic individuals compared wi th about 0.1°/o 
in cul tures wi thou t acr i f lavin . Akinetoplast ic individuals resul t f r o m cytokineses 
wi thou t p reced ing divisions of the kinetoplast r a the r tha t by dissolution of the 
k inetoplas t in the presence of acr i f lavin. These f indings are discussed wi th 
regard to in fo rmat ion on drug- induced and spontaneous occurrence of t he 
akinetoplas t ic condition in t rypanosomes. An hypothes is for t he mode of action 
of acr i f lav in in p roduc ing akine toplas ty is proposed, based on in te r fe rence wi th 
DNA read ing or repl icat ion as a resul t of bonding of acr i f lavin at aden ine- thy-
mine base pairs . 

RÉSUMÉ 
Quand on cultive Crithidia fasciculata dans un milieu contenant de l'acriflavine 

(30 ng/ml.), on obtient jusqu'à 48% des flagellés sans kinétoplaste, comparé à 0.1% 
dans les cultures sans l'acriflavine. Ces flagellés akinétoplastiques sont produit par 
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des cytokineses qui se complètent devant la duplication du kinétoplaste, et non par 
la dissolution du kinétoplaste en presence de l'acriflavine. On discute ces découvertes 
concernant l'occurrence, spontanée ou causée par les drogues, de la condition akiné-
toplastique parmi l'es Trypanosomes. On propose que le méchanisme par lequel 
l'acriflavine produit l'état akinétoplastique est l'interférence avec la transcription 
ou la réplique de l'acide desoxyribonucléique par l'acriflavine liée aux plateaux A-T. 
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EXPLANATION OF PLATE I 

Crithidia fasciculata 

1: Individuals from culture with no acriflavin 
2: Individuals from culture-with 80 pig acriflavin/ml 
3 and 4: Individuals from culture with 30 pig acriflavin/ml and 46°/o akinetoplastic 
individuals • 
5, 6, 7, 8: Stages in normal division, from same culture as 1 
9 and 10: Stages in abnormal division, from same culture as 3 
11: Apparent division of akinetoplastic individual, from same culture as 3 

Photomicrographs of dried smears, fixed with methanol and stained with Giemsa. 
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JI. M. Г О Р Д Е Е В А 
L. M. G O R D E E V A 

О культивировании Entamoeba iiwadens R o d h a in , 1934, 
при температуре 37°C 

O n c u l t i v a t i o n of Entamoeba invadens R o d h a i n , 1934 a t 37°C 

Температурные границы для роста в культуре являются одной из особен-
ностей, характеризующих виды и штаммы амеб рода Entamoeba. 

Оптимальной для роста Е. histolytica в культуре является температура 37°С, 
но недавно появилось сообщение о выделении штамма „Laredo", который спо-
собен расти в очень широком диапазоне температур 10—35°С (D г е у е г 1961). 

Entamoeba invadens Rodhain, 1934 — патогенная для рептилий — мор-
фологически сходна с Е. histolytica (G е i m a n and R a t c l i f f e 1936, R a t-
c l i f f e and G e i m a n 1938, S t e c k 1963 и др.). Однако, в культуре этот вид 
амеб размножается при 16—35°С с оптимумом температур 20—30°С. 

Литературные данные свидетельствуют о неспособности Е. invadcns расти 
при температуре 37°С (оптимальной для Е. histolytica). В Таблице 1 представле-
ны температурные границы для размножения Е. invadens и максимальное время 
наблюдения переживания амеб при различных температурах (по литературным 
данным). 

Установлено (S i d d i q u i 1963), что способность E. invadens адаптироваться 
к высоким температурам меняется в зависимости от вида организма, сопутствую-
щего ей в культуре. В культуре с Clostridium acidi-urici Е. invadens размножа-
лась при температуре не выше 33°С, в ассоциации с Trypanosoma cruzi — при 
34°С (не выше), и в ассоциации с Clostridium perfringens, после культивирования 
в течение 17 недель при 34.5°С, оказалась способной размножаться при 35°С (но 
не выше). В смешанной полибактериальной культуре Е. invadens размножалась 
на протяжении 70 дней при 35.5°С ( L a c h a n c e 1963). При 36°С наблюдался 
:лабый рост амеб, культура просуществовала только 29 дней. При 36,5°С размно-
жения амеб в культуре не наблюдалось, но амебы переживали до 12 дней, а при 
37сС — только 7 дней. 

При работе с культурами энтамеб мы обнаружили, что имеющийся в нашей 
лаборатории штамм Е. invadens, культивируемый при комнатной температуре, 
способен адаптироваться к температуре 37°С. Настоящее сообщение посвящено 
изучению некоторых особенностей амеб адаптированного штамма. 
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М а т е р и а л и м е т о д и к а 

Исходный штамм Е. invadens, обозначенный нами как штамм „И", был по-
лучен от профессора Jirovec (Прага) в октябре 1960 года. 

Культура амеб со смешанной неидентифицированной бактериальной флорой 
поддерживается на среде Павловой с рисовым крахмалом. Пробирки 150 X 16 мм 
закрываются ватными пробками. Культивирование ведется в темноте, за исклю-
чением коротких интервалов во время пересевов (через 2—3 недели), при ком-
натной температуре (20—25°С). 

Культура амеб, размножающихся при 37°С, условное обозначение — штамм 
„ИТ", содержится в термостате. Температура в термостате поддерживается на 
уровне 36.5—37сС при колебаниях в 0.5—1сС во время открывания термостата. 
Во время пересевов температура снижается на короткий срок (5—10 минут) до 
33°С. Перед пересевом пробирки со свежей средой подогреваются до 37°С. В связи 
с более бурным ростом бактерий при 37°С среда истощается быстрее, и требу-
ются более частые пересевы (через 2—3 дня) по сравнению с культурами 
штамма „И". 

Развитие культуры отмечается путем наблюдения за относительным коли-
чеством амеб на стенках пробирки. Пробирки просматриваются под микроско-
пом в проходящем свете при увеличении 100 X. Относительное количество амеб 
обозначается от + до + + + + , что соответствует (при просмотре капли из осад-
ка культуры) единичным амебам в поле зрения, более 5 амеб, более 25 амеб, 
125 амебам в поле зрения и более 125 амеб. В последнем случае, при просмотре 
пробирки в проходящем свете, отмечается сплошной рост амеб. 

Р е з у л ь т а т ы и о б с у ж д е н и е 

В культурах штамма ,,И" почти постоянно отмечается рост амеб на + + + + . 
Образование цист не наблюдается. Амебы в культурах подвижны, наполнены 
зернами крахмала. В культурах месячной давности лишь единичные амебы со-
держат небольшое количество зерен крахмала. 

В мае 1963 г. мы обнаружили небольшое количество очень крупных по-
движных амеб, с зернами крахмала, в пробирке с культурой Е. invadens, по-
мещенной пять дней назад в термостат при 37°С. Был сделан пересев на свежую 
среду и отмечен незначительный рост амеб в культуре при 37°С. Всего было 
сделано 5 пересевов в течение 3-х недель. Этот срок существования Е. invadens 
в культуре при 37°С превышал все ранее известные данные (Таблица 1). По-
скольку в литературе имелись указания о невозможности культивирования 
Е. invadens при 37°С было интересно пронаблюдать как долго сможет существо-
вать при 37°С культура, имеющегося в лаборатории штамма амеб. 

В связи с этим 13 сентября 1963 года в термостат (37°С) была поставлена 
пробирка с 72-часовой (рост на + + + + ) культурой Е. invadens, растущей при 
комнатной температуре. Стабильный рост амеб ( н а + + , а затем и на + + +) 
в культуре при 37°С установился через 1.5 месяца. Эта культура, условно обо-
значенная как штамм ,,ИТ", поддерживается и в настоящее время, уже сделано 
свыше 190 пересевов. 

Амебы в пробирках располагаются на стенках, поднимаясь довольно высоко 
(20 мм и более) над крахмалом, но у границы с крахмалом их плотность наи-
большая. 
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Таблица I 

Температурные границы размножения Entamoeba invadens и максимальное 
время наблюдения ее переживания'при различных температурах 

Temperature ranges of proliferation of Entamoeba invadens and observed 
survival time (maximum) of E. invadens exposed to various temperatures 

Размножение 
Froliforation 

Переживание 
Survival time 

Автор 
Author максимальное 

maximum 
замедленное 

г duced 

вегетативные 
формы 

trophozoites 

цисты 
cycts 

Автор 
Author 

23—25° 37° R o d h a i n 1934 

20—30° 10°, 33° G е i m a n and 
R a t c l i f f e 1936 

20—30° 

24—30° 

30°, 35° (10 
месяцев—months) 

16—20° 37° (7 дней 
—days) 

5° (10 дней 
—days) 

8° (14 дней 
—days) 

R a t c l i f f e and 
G e im a n 1938 

M c C o n n a c h i e 
1955, 1958. 

20—25° 

33.5—35° 

30° (в эмбрионе 
ципленка—in chic-

ken embro) 

8° (35 дней 
—days) 

24° (7 дней 
—days) 

37° (7 дней 
—days) 

4—5° (3 дней 
—days) 

M e e r o v i t c h 
1956, 1958, 1960, 
1961 

20-30° 

30° 

35° (без инцисти-
рования—without 

incystation) 

33°, 34.5 (17 

недель—wecks), 
35°. 

37° (24 часа 
—hours) 

S t e c k 1963 

S i d d i q u i 1963 

25° 12.5° (295 дней 
—days) 

35° (541 день 
—days) 

35.5° (70 дней 
—days) 

36° (29 дней 
—days) 

4° (23 дня 
—days) 

36.5° (12 дней 
—days) 

37° (7 дней 
—days) 

L a c h a n c e 1963 
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В первые 2-3 суток после пересева амебы содержат огромное количество 
зерен крахмала, и поэтому кажутся темными в проходящем свете. В отдельных 
пробирках можно обнаружить единичных подвижных амеб без крахмала и на 
15—20-й день после посева, но, как правило, на 5—7-й день после посева в куль-
туре появляется довольно много округлившихся неподвижных амеб. Образо-
вания цист у штамма „ИТ" не отмечено. 

На кривой развития амебной популяции в культуре при 37°С (Рис. 1), видно, 
что пик популяции отмечается через 48—72 часа после посева, затем количество 
амеб начинает уменьшаться. 

Рис. 

В отличие от культур штамма „И", в культурах штамма „ИТ" гораздо реже 
отмечается рост амеб на + + + + , обычно это совпадает с понижением темпера-
туры в термостате до 36.5—36.7°С. 

Морфология амеб из культуры штамма „ИТ" 

Морфология амеб из культуры штамма „ИТ" изучалась на постоянных пре-
паратах (фиксирующая жидкость Шаудина и Карнуа, окраска — железным ге-
матоксилином по Гейденгайну, метиловым зеленым — пиронином по Браше на 
РНК и для выявления ДНК ставилась реакция Фельгена). Постоянные препа-
раты амеб из культуры получались с помощью плексигласовой камеры по ме-
тодике описанной ранее ( Г о р д е е в а 1964). 

Морфологических различий у амеб, культивируемых при 37°С (штамм „ИТ") 
и при комнатной температуре (штамм „И"), при изучении постоянных препа-
ратов не выявлено. 

В 24-часовой культуре амебы наполнены зернами крахмала. Ядро пузырько-
видное, под тонкой оболочкой обнаруживается пристенный слой хроматина в ви-
де гранул почти одинакового размера, расположенных в один или несколько 
слоев. Иногда можно отметить скопление гранул на одной стороне ядра. В не-

2 3 4 5 6 7 8 9 Ю 11 
Дни - Аде in days 

1. Кривая развития популяции Е. invadens в культуре при 37°С. 
Fig. 1. The course of growth of population of E. invadens in 

culture at 37°C 

http://rcin.org.pl



К У Л Ь Т И В И Р О В А Н И Е ENTAMOEBA INVADENS 165 

которых ядрах гранулы располагаются более плотно, и тогда пристенный слой 
хроматина выявляется в виде темноокрашенного кольца. Гранулы пристенного 
слоя хроматина окрашиваются пиронином в малиновый цвет, что говорит о со-
держании в них РНК. Кариосома в виде точечного образования расположена 
в центре ядра, реже субцентрально. После реакции Фельгена в кариосоме вы-
является слабая розовая окраска, что свидетельствует о присутствии в ней ДНК. 
Между кариосомой и пристенным слоем хроматина обнаруживаются нежные 
мелкие менее плотные гранулки (Табл. I А). Часть этих гранул содержат ДНК, 
так как дают положительную реакцию Фельгена, а некоторые окрашиваются 
пиронином и, следовательно, содержат РНК. 

В 48-часовых культурах амебы содержат зерна крахмала на разных ста-
диях переваривания и некоторое количество бактерий. Картина строения ядра 
такая же, как у амеб из 24-часовой культуры. Цитоплазма умеренно вакуоли-
зирования (Табл. I В). 

В 72—96-часовых культурах попадаются амебы, в цитоплазме которых име-
ются хроматоидные тела (Табл. I С, D). 

Наши данные о наличии ДНК в кариосоме и гранулах между кариосомой 
и пристенным слоем хроматина в ядре Е. invadens согласуется с результатами, 
полученными N a r a s i m h a m u r t i 1964, который отметил также, что гра-
нулы под оболочкой ядра были всегда Фельген-отрицательными. Последнее за-
мечание согласуется с нашими данными о присутствии РНК в гранулах при-
стенного слоя хроматина. 

Известно, что при повышении температуры размеры микроорганизмов умень-
шаются. Тенденцию к уменьшению размеров Е. invadens в культуре по мере 
повышения температуры отмечал S i d d i q u i 1963. Однако, при измерении 
амеб на постоянных препаратах нами не было обнаружено существенной разни-
цы в размерах вегетативных форм штаммов „И" и „ИТ". Амебы из 48-часовой 
культуры штамма „ИТ" были почти одинакового размера с амебами из 7— 
10-дневной культуры штамма „И". Результаты измерений представлены в Та-
блице 2. 

Т а б л и ц а 2 

Размер вегетативных форм Entamoeba inva-
dens — исходного штамма „И" и адаптиро-

ванного штамма „ИТ" (в микронах) 
Size of trophozoites of Entamoeba invadens of 
initial strain "I" and temperature-adapted 

strain "IT" (in microns) 

Штамм , .И" 
Strain „I" 

Штамм „ И Т " 
Strain „ГГ 

Длина 
Length 

33.75 —53.75х 36.75 —53.75х 

42.95 ± 6.43xx 42.56 ± 5.1xx 

Ширина 
Width 

7.5 —21.25х 8.5 —21.25х 

12,42 ± 4.7XX 12.85 ± 3.8xx 

x 
X X 

— д и а п а з о н — r a n g ę 
— с р е д н е е и с р е д н е е к в а д р а т и ч н о е о т к л о н е н и е — 

m e a n a n d m e a n s q u a r e d e v i a t i o n 

http://rcin.org.pl



1 6 6 Л. М. Г О Р Д Е Е В А 

Наши данные в какой-то степени согласуются с результатами наблюдений 
L a c h a n c e 1963, который отметил, что при температуре 35.5°С размеры амеб 
в полибактериальных культурах Е. invadens сначала увеличивались, а затем 
возвращались к норме, но не были меньше по сравнению с размерами амеб, 
культивируемых при комнатной температуре. 

Дополнительно н ^ ш был поставлен ряд опытов с целью выяснить: а. воз-
можно ли штамм „ИТ" реадаптировать к комнатной температуре, б. какова тем-
пературная устойчивость этого штамма, и в. может ли штамм „ИТ" заражать 
теплокровных животных. 

а. Реадаптация штамма „ИТ" к комнатной температуре. 17. II. 1964 г. — 
4 пробирки с 48-часовой культурой штамма „ИТ" (рост на + + + ) из термо-
стата (37°С) были поставлены в ш к а ф при комнатной температуре. Через 24 ча-
са количество амеб уменьшилось до + + , а еще через 2 дня до + . В пересеве 
(21.11.1964) на свежзчо среду был отмечен рост амеб на + + , и уже во втором 
пересеве (1. III. 1964) рост амеб был такой же обильный, как и в культурах 
штамма „И", постоянно растущих при комнатной температуре. Таким образом, 
реадаптация к комнатной температуре произошла быстрее, чем адаптация к 37°С. 

б. Температурная устойчивость штамма „ИТ". Было отмечено, что даже не-
значительное повышение температуры (над 37°С) действует неблагоприятно на 
культуру амеб штамма „ИТ". При повышении температуры до 37.3°С в 48-
и 72-часовых культурах обнаруживаются только единичные округлившиеся 
амебы, которые при пересеве на свежую среду дают очень слабый рост ( + и +) 
в двух последовательных пересевах. 

Опыты по культивированию амеб штамма „ИТ" при 38°С после длительного 
[в течение 5—6 месяцев) культивирования при 37°С дали отрицательные резуль-
таты. Были поставлены 3 опыта, в которых 48-часовая культура амеб 
(рост + + +) помещалась в термостат при 38°С. Уже через 24—48 часов в про-
бирках оставались лишь единичные неподвижные амебы. В пересевах, сде-
ланных через 24 часа, обнаруживались единичные малоподвижные очень круп-
ные амебы, но размножения амеб не наблюдалось. Культура погибала на 3—4-й 
день. Амебы не росли и в пересевах не свежую среду при 37°С, это свидетель-
ствует о том, что при температуре 38°С уже через 24 часа амебы теряют спо-
собность к размножению. 

Гибель амеб может быть вызвана либо непосредственным действием тем-
пературы на амеб, либо отсутствием благоприятных условий для развития амеб, 
которые обеспечиваются сопутствующей бактериальной флорой (косвенное 
влияние температуры). 

Отрицательный окислительно-восстановительный потенциал среды является 
одним из основных физико-химических факторов, обеспечиваемых сопутству-
ющими бактериями и являющихся необходимым условием развития амеб 
в культуре. В связи с этим в одном из описанных опытов в пробирки со средой 
перед посевом добавлялось по капле 0,1%-ного водного раствора метиленового 
голубого. Контрольные пробирки с культурой помещались при 37°С, опытные — 
при 38°С. Как в контрольных, так и в опытных пробирках через 24 часа на-
ступило обесцвечивание, что указывало на установление отрицательного окисли-
тельно-восстановительного потенциала. Таким образом, причиной отсутствия 
размножения и гибели амеб при 38°С не могло быть несоотвествие окислитель-
но-восстановительного потенциала среды. 
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в. Способность к заражению теплокровных животных: Было поставлено 
3 опыта, заражено 60 крысят культурой штамма „ИТ", растущей в течение 
3, 7 и 8 месяцев при 37°С, и 30 крысят контрольных — культурой штамма „И", 
растущей постоянно при комнатной температуре. 

В опыт для заражения брались молодые крысята весом 20—25 гр., свободные 
от инфекции Е. muris. 48-часовая культура штамма „ИТ" (125 амеб в поле зре-
ния при увеличении 100 X) в количестве 0.2 мл вводилась интрацекально. Кон-
трольные крысята заражались 7-дневной культурой штамма „И". В одном из 
опытов крысятам вместе с культурой амеб было введено по 20 единиц лиофи-
лизированной гиалуронидазы. Крысят вскрывали на 7-е сутки. Ни одно живот-
ное не заразилось. У животных, забитых и вскрытых на следующие сутки после 
заражения, амеб в слепой кишке обнаружить также не удалось. 

Р е з ю м е 

Из культуры штамма „И" Entamoeba invadens, длительно культивируемого 
при комнатной температуре, выделен штамм „ИТ", адаптированный к росту 
при 37°С. Штамм „ИТ" культивируется непрерывно в течение более 18 месяцев, 
на протяжении которых сделано свыше 190 пересевов. На постоянных препа-
ратах амебы штамма „ИТ" морфологически не отличаются от амеб исходного 
штамма „И". 

При повышении температуры в термостате до 37.3сС амебы округляются 
и теряют подвижность, но сохраняют жизнеспособность и при пересеве дают 
рост при температуре 37°С. При 38°С амебы переживают в культуре 3—4 дня, но 
уже через 24 часа теряют способность размножаться. 

Штамм „ИТ", растущий при 37°С, не заражает молодых крысят при вве-
дении им культуры интрацекально. 

SUMMARY 

A strain ("IT") adapted to growth at 37°C was obtained from the culture of the 
•'I" strain of Entamoeba invadens grown at room temperature for a long time. 
The "IT" strain was cultured at 37°C for above 18 months (190 subcutures). In 
stained preparations the amoebae of adapted strain did not differ morphologically 
from the initial ones. 

When the temperature was raised up to 37.3°C the amoebae became motionless 
and rounded up but remained viable and recovered when inoculated to fresh me-
dium and maintained at 37°C. At 38°C the amoebae survived in the culture for 
3—4 days but had lost totaly the capacity of multiplying in 24 hours. 

The strain of E. invadens adapted to 37°C was not infective for young rats when 
the amoebae were injected in the coecum. 
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ITOßllMC K TAEJIMIJE I 

MopcjDOJiorMH aMeo H3 KyjibTypbi aflonTMpoßaHHOro urraMMa E. invatens: A. 24-na-
coBan KyjitTypa, B. 48-HacoBaa KyjibTypa, C. 72-HacOBaa KyjibTypa, D. 96-nacoBaH 

KyjibTypa 

EXPLANATION OF PLATE I 

The morphology of amoebae from the culture of temperature-adopted strain of 
E. invadens: A. 24 hrs. culture, B. 48 hrs. culture, C. 72 hrs. culture, D. 96 hrs. culture 

http://rcin.org.pl



A C T A P R O T O Z O O L . V O L . I V , 18 P L A T E I 

i f • . s :... £ I t ; ' h ? * ¥ 

a v V * ( , ' V 

JI. M. TopAeeBa auctor del. 

http://rcin.org.pl



F a s c i c u l i p r a e p a r a t i : 

Ф. Г. А г а м а л и е в : Новые виды инфузорий месопсаммона западного побе-
режья Каспийского моря [New species of psammobiotic ciliates of the western 
coast of the Caspian Sea] — A. K u r n a t o w s k a : Studies on Trichomonas vagi-
nalis Donnę, III. Biometric features of T. vaginalis from different clinikal forms 
of trichomoniasis [Studia nad Trichomonas vaginalis Donnś, III. Cechy biometryczne 
T. vaginalis w różnych klinicznych postaciach rzęsistkowicy] — J. K o z i c k a : Re-
marks on feeding and pathogeny of Trichophrya (Suctoria) [Uwagi o odżywianiu 
się i patogenności Trichophrya (Suctoria)] — L. C z a r s k a and A. G r ę b e c k i : Mem-
brane folding and plasrna-membrane ratio in the movement and shape t ransfor-
mation in Amoeba proteus [Fałdowanie błony i stosunek plazmo-membranowy 
w zjawiskach ruchu i przemianach kształtu u Amoeba proteus]—L. K u ź n i c k i : 
Role of Ca2+ ions in the excitability of protozoan celi. Calcium factor in the ci-
liary reversal induced by inorganic cations in Paramecium caudatum [Znaczenie 
jonów Ca2+ w pobudliwości komórki pierwotniaczej. Rola wapnia w rewersji 
rzęskowej wywołanej u Paramecium caudatum przez kationy nieorganiczne] — L. 
K u ź n i c k i : Ciliary reversal in Paramecium caudatum in relation to external 
pH [Rewersja rzęskowa u Paramecium caudatum w zależności od zewnętrznego pH] 
— L. K u ź n i c k i and J. S i k o r a : Inversion of spiralling of Paramecium aurelia 
after homologous antiserum treatment [Inwersja spiralizacji Paramecium aurelia 
pod wpływem homologicznej surowicy odpornościowej] 

S U B S C R I P T I O N 

price is $ 7.50 for one volume consisting of four parts appearing 
quarterly 

Place your order with your bookseller or directly with: 

R U C H 
W a r s z a w a , W i l c z a 46, P o l a n d 

Payment should be remitted to the local bank for t ransfer to 
Account No. 1534-6-71 at Narodowy Bank Polski, Warszawa, Poland. 

In the East-European countries the subscription orders are 
to be placed with the local agencies for press distribution. 

Państwowe Wydawnictwo Naukowe 
(PWN — Polish Scientific Publishers) 

Warszawa 

http://rcin.org.pl



Cena zł 27.— 

F a s c i c u l i : 

11. S. R a d z i k o w s k i : Study on morphology, division and postconjugation 
morphogenesis in CMlodonella cucullulus (O. F. Muller) [Badania nad 
morfologią, morfogenezą podziałową i postkonjugacyjną Chilodonella 
cucullulus (O. F. Muller] 89 

12. M. W o l s k a : Study on the family Blepharocorythidae Hsiung. I. Preli-
minary remarks [Badania nad rodziną Blepharocorythidae Hsiung. I. Wia-
domości wstępne] 97 

13. M. W o l s k a : Application of the ammonium-silver impregnation method 
to the investigation of ciliates from the rumen of herbivorous mammals 
[O wartości impregnacji amoniakalnym roztworem srebra orzęsków ze 
żwacza trawożernych ssaków] 105 

14. I. D w o r a k o w s k a : The structures of the nuclear apparatus in Pla-, 
giotoma lumbrici Dujardin and their transformations in division cycle 
[Struktury aparatu jądrowego Plagiotoma lumbrici Dujardin i ich prze-
miany w cyklu podziałowym] 109 

15. А. В . У с п е н с к а я и Л. П. О в ч и н н и к о в а: Изменения количества 
ДНК и РНК в течение жизненного цикла Ichthyophthirius multifiliis 
Quantitative changes of DNA and RNA during the life cycle of Ichthyo-
phthirius multifiliis] 127 

36. J. S i k o r a : Immobilization by homologous antiserum and antigenic t ran-
sformation in Paramecium aurelia in relation to the ionic composition of 
medium [Immobilizacja pod wpływem homologicznej surowicy i t ransfor-
macja antygenowa Paramecium aurelia w zależności od jonowego skła-
du środowiska] 143 

17. W. B. C o s g r o v e : Acriflavin-induced akinetoplasty in Crithidia fasci-
culata [L'etat akinetoplastique induit par l 'acriflavine cliez Crithidia 
fasciculata] 155 

18. JI. M. Г о р д е е в а: О культивировании Entamoeba invadens Rodhain, 
1934, при температуре 37°C [On cuitivations of Entamoeba invadens 
Rodhain, 1934, at 37°C] 161 

http://rcin.org.pl


	F a s c i c u l i :



