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Some Observations on Regeneration
in Dileptus Anser
By Paur A. MEecLITscH aND TrHoMAs JomNson

One of the most interesting capacities of protozoans is their
ability to replace lost parts following injury. Although they are
structurally the equivalent of cells they are functional organisms,
and a study of their behavior makes it possible to bring together
concepts usually applied in the cellular field with those applied in
the analysis of whole organisms. The same factors that operate to
evoke a particular form in the whole organism must act in a
small regenerating piece of a protozoan. Whether these factors are
nuclear genes or protoplasmic organization, they act rapidly in the
regenerating animal, regulating the form of the piece. Unlike the
metazoan material, the morphogenetic activities are not a matter
of differential growth rates, but are rather redistribution and re-
organization of materials present in the regenerating piece. In this
sense the repair of injury inprotozoans more closely resembles cellu-
lar differentiation than organogeny.

A long series of studies on protozoan regeneration was begun in
1891 with Balbiani’s work on Stentor. Lillie (1896), Morgan
(1901), Calkins (1911), Young (1922), among others, described
regeneration in various protozoan species and carried out experi-
ments in an attempt to discover some of the factors responsible for
controlling the process. The most extensive study of regeneration
in Dileptus was that of Sokoloff (1922,1924)}. He found that a
piece of Dileptus anser, representing about 1/70th of the anterior
end, 1/72nd of the middle part, and 1/73rd of the posterior part,
would regenerate completely. He describes a direct correlation be-
tween the size of the piece, the region of the body from which the
piece was taken, and regeneration rate. The larger pieces and the
more anterior pieces were found to regenerate more rapidly. The
range of times for complete regeneration was given as from one hour
and twenty minutes to nine hours without any particular change of
media.

Although other investigators have studied regeneration in proto-
zoa, none have used Dileptus anser. Weisz (1949), in a series of
papers, found that in both Stentor and in Blepharisma, the rate
of regeneration varied with the body region from which the piece
was taken. He feels that there is a polarity of the macronucleus
which is, at least in part, responsible for controlling regeneration.
The actual stimulus for regeneration, however, seems to be the
cutting of kinety one, the “dominant” ciliary row.
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These investigations have been carried out on Dileptus anser
collected from Lake Whitmer, a small artificial lake in the city of
Des Moines. The organisms were maintained in the laboratory in
a medium of 2% split pea, inoculated with Escherichia coli and
Chilomonas paramecium. In later cultures traces of thyroid were
added. Dileptus grew best at a pH between 7.0 and 7.5.

Single organisms were distributed in drops of culture medium
on cover slips and cut with a fine glass filament. The merozoans
were kept in hanging drop mounts in culture fluid until regeneration
was complete. This species, reaching a maximal size of 500 to 700
in optimal conditions in the laboratory, is characterized by a promi-
nent contractile proboscis, a large open cytostome, a long some-
what flattened body, with a distinct pointed tail. The proboscis is
equipped with a row of trichocysts, and long cilia along the oral
surface. The remainder of the body has a uniform ciliation. Studies
of material fixed in Zenker’s or Kleinenberg’s fluids, and stained
with Harris’s hematoxylin, Heidenhain’s hematoxylin and Feulgen’s
nuclear reaction revealed a macronucleus composed of numerous
(typically in the neighborhood of 150) particles and a smaller
number of micronuclei. Jones (1951) found a minimum of sixteen
micronuclei per organism. Since not all of its traits can be seen
in living organisms, the following criteria were chosen as defin-
ing complete regeneration: (a) formation of a complete cytostome,
(b) development of a moving proboscis, and (c¢) development of
a well-formed, clearly defined tail.

The organisms were cut to determine whether the region from
which the piece was taken correlated with capacity to regenerate,
or rate of regeneration; to determine whether the size of the piece
was correlated with ability to regenerate or rate of regeneration;
and also, to determine whether a freshly regenerated organism
could regenerate a second time.

Fifty organisms, not in division were cut into three pieces, and
the regeneration of anterior, middle, and posterior pieces followed.
Since cutting was done by hand, it was impossible to obtain identi-
cal levels of cut for each specimen. Anterior pieces which consisted
of less than about half of the proboscis plasmolyzed immediately
or within a few minutes. Pieces composed of over half of the
proboscis, but which were cut anterior to the cytostome were
never found to complete their regeneration, although they did not
ordinarily plasmolyze immediately. These pieces would live for var-
ious periods of time, from about twenty minutes to an hour or so.
Most of the anterior pieces were cut just behind the cytostome. These
pieces regenerated completely. Plasmolysis was never observed. Com-
plete regeneration was achieved in 25 to 75 minutes, averaging 53
minutes. The middle pieces often disintegrate at the time that the
second cut is made. This appears to be a purely mechanical prob-
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lem, resulting from the delicacy of the plasmalemma at the cut edge.
When cut quickly and cleanly most of the middle pieces persisted.
The middle pieces were capable of regenerating completely, and
regenerated in very nearly the same length of time as the other
pieces. The times for regeneration varied from 40 minutes to 80
minutes, averaging 58 minutes.

The posterior pieces also regenerated completely, unless only the
tail region was removed. Very short posterior pieces consisting al-
most entirely of tail regions promptly plasmolyzed. Most of the
pieces consisted of approximately the posterior third of the body.
These posterior pieces very rarely failed to complete regeneration.
In only a couple of instances did they plasmolyze. The rate of
regeneration of posterior pieces was found to be slightly longer
than the anterior pieces and middle pieces. The time range from
55 minutes to 80 minutes, averaging 65 minutes.

It is evident that there is similarity in the rate of regeneration in
anterior, middle and posterior pieces, although there is a slight
variation in time. The difference, however, is much less than that
reported by Sokoloff. Viability differed somewhat in various sec-
tions. The anterior pieces that include ony proboscis material can-
not regenerate. Assuming that the pieces are of approximately equal
size, representing about 3 of the body length, the anterior picces
appears to have the greatest viability. Failures of the middle and
posterior pieces do not appear to indicate lack of regenerative
capacity, but reflect somewhat greater loss due to mechanical fac-
tors. In the failing posterior pieces, it appeared that the position
of the contractile vacuole in relation to the line of cut was of some
importance in leading to plasmolysis.

Pieces cut free-hand necessarily vary in size. As the foregoing dis-
cussion indicates, the very small anterior and posterior pieces were
unable to regenerate fully, and plasmolyzed, usually very soon
after cutting. Very small pieces from the middle region of the body,
if they did not plasmolyze, were capable of regeneration. One ex-
tremely small piece, cut by accident, and not included in the data
summarized above, regulated its form, produced a proboscis and
tail, and then plasmolyzed. This piece was so small that it could
not have contained more than one or two macronuclear particles.
No accurate measurements of volume was available, but this piece
was considerably less than the 1/70 of the body volume quoted
by Sokoloff as minimal for regeneration. It should be noted that its
regeneration was not completely successful. This very small piece
completed its regeneration in very little more time than larger
pieces from the middle region, but may not have had a completely
formed cytostome. In general, it was evident that the larger pieces
regenerated a little faster than the smaller pieces. The extent of
changes in rate correlated with differences in size of piece was quite
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small, representing at the most about 15 to 209% of the total time
required. Since the pieces were regenerating in culture {luid, some
of this difference observed may be traceable to differences in the
fluid rather than size of piece. We can only conclude that regen-
eration rate is but little affected by size of piece, and that little
may fall into the realm of experimental error.

Preliminary observations on organisms cut a second time, im-
mediately after regeneration is completed, can continue the regen-
erating process if they do not plasmolyze. A somewhat higher per-
centage plasmolyze at the time of cutting. Their relatively smaller
size with respect to the cutting filament may be responsible. The
pieces that do not plasmolyze regenerate promptly, and in times that
are no longer than those for organisms cut for the first time.

It is apparent at once that the results of this investigation are
almost at complete variance with the findings of Sokoloff, except
that in both instances a high regenerative capacity is found. The
difference is rather simple to explain, however, since Sokoloff’s
material was not identical with ours. Although Sokoloff identified
his species as Dileptus anser, his diagrams indicate that the macro-
nucleus of his organism was in the form of a long, curved, beaded
strand. Of the various species of Dileptus described by Kahl (1935),
Sokoloff’s Dileptus appears to most closely resemble Dileptus gigas,
although it differs in some ways from this species, also. Prior to
the time of Kahl's monograph there was considerable taxonomic
confusion in many of the ciliate genera.

It would appear that where the macronucleus consists of a long
beaded strand, the regenerative capacities of different body levels
differs materially.

This kind of observation has been made using Stentor, and
Blepharisma, as well as Dileptus and Spirostomum. In Dileptus
anser, the macronucleus consists of scattered particles, and no mor-
phological basis for polarity of the macronuclear material exists.
It is probable that the macronuclear particles are carried about by
cytoplasmic movement, and that all of the particles have essentially
similar potency.

The importance of nuclear material in making regeneration
possible is indicated by the failure of small pieces from the anterior
and posterior parts of the body to reorganize. The macronuclear
material does not extend into the proboscis or tail. Small pieces
from these regions, therefore, were lacking in nuclear material,
and were incapable of regenerating, although small pieces from the
middle region of the body could regenerate.

Further studies are required to determine to what extent the
environment of the organism helps to determine regenerative rates,
and to define more precisely the effect of piece size on regenerative
ability.
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