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Evidences for Direct Involvement of Microtubules in
Cleavage Furrow Formation in Newt Eggs

Tsuyoshi Sawai*

Department of Biology, Faculty of Science, Yamagata University, Yamagata 990, Japan

ABSTRACT—This paper aims at examining the effect of colchicine, a microtubular poison, on the process of
furrow formation in whole eggs and egg fragments as well as the process of artificial induction of furrow-like
dents, in eggs of the newt, Cynops pyrrhogaster. To apply colchicine locally to eggs, the eggs were slit
across or along a furrow in a colchicine solution during first cleavage. When a slit was made across or in front
of a growing furrow at the onset of its growth, the furrow quickly ceased growing and often regressed. Corti-
ces containing an entire growing furrow were isolated along with a thin layer of subcortical cytoplasm imme-
diately after the start of the first cleavage. Furrows in the cortices degenerated when the cortices were
cultured in a colchicine solution, whereas they continued growing when they were cultured in Holtfreter’s
saline. Furrow-inducing cytoplasm was injected to a site beneath the cortex in the animal half of the egg
during first cleavage. When a small slit was made close to the site of the injection in a colchicine solution, no
furrow-like dent was induced. These results imply that microtubules are directly involved in the generation
and growth of cleavage furrows.

INTRODUCTION

Studies on cytokinesis in a variety of animal cells and
eggs have demonstrated that a cleavage furrow is always
formed on the cortex between the two asters of the mitotic
apparatus (MA) (reviews by Conrad and Rappaport,1981;
Mabuchi, 1986; Rappaport, 1971, 1986; Schroeder, 1981).
Observations with electron microscopy have shown that a
bundle of microfilaments, mainly composed of actin filaments,
is aligned immediately beneath the furrow (Schroeder, 1968;
Arnold, 1969; Tilney and Marsland, 1969; Bluemink, 1970;
Selman and Perry, 1970; and reviews by Schroeder, 1975,
1981; Mabuchi, 1986; Mabuchi and Itoh, 1992). It is broadly
accepted that myosin is involved in the formation and con-
traction of the furrow (Fujiwara and Pollard, 1976; Mabuchi
and Okuno, 1977; Schroeder and Otto, 1988; and reviews by
Schroeder, 1981; Mabuchi, 1986; Mabuchi and Itoh,1992).
On the basis of these facts, an explanation has been pro-
posed for the mechanism of cytokinesis in animal cells: A
stimulus generated in the central region of the egg, mediated
by the MA, reaches the region of the cortex on the presump-
tive cleavage plane and induces a ring or an arc of bundles
made of mainly actin fibers and myosin to form there.

There are many studies on the process and stage of cell
division at which the MA operates to achieve cell division. In
echinoderm eggs, displacement (Hiramoto, 1956; Rappaport
and Ebstein, 1965; Rappaport, 1997), removal (Hiramoto,

1956, 1965,1971) or disintegration (Hamaguchi, 1975;
Hiramoto, 1965) of the MA at the anaphase of mitosis did not
affect cleavage-furrow formation, while those before
metaphase changed the cleavage plane or caused the failure
of furrow formation. Similar results have been obtained in
amphibian eggs (Kubota, 1966; Sawai and Yomota, 1990;
Selman, 1982; Waddington, 1952; Zotin, 1964). From these
results, it is thought that in cytokinesis the MA determines the
cleavage plane at the anaphase of mitosis, or shortly before
the generation of a visible furrow, by transferring a stimulus to
the cortex, and once the cortex has received the stimulus it
can form a furrow without the MA. In other words, the MA is
not necessary for the formation or deepening of a furrow.

We have demonstrated that subcortical cytoplasm on a
cleavage plane of amphibian eggs induces furrow-like dents
when transplanted to a subcortical region outside the plane
(Sawai, 1972, 1983; Sawai et al., 1969). This indicates that
subcortical cytoplasm on a cleavage plane contains a factor
responsible for furrow formation, i.e. furrow-inducing cytoplasm
(FIC). We have shown further that during cleavage the cortex
of amphibian eggs acquires an ability to form a furrow in re-
sponse to the inductive activity of the FIC (Sawai, 1972, 1974,
1983). Cleavage furrows of amphibian eggs are thus formed
by the interaction between the cytoplasmic factor (FIC) and
some cortical factor.

In amphibian eggs, colchicine inhibited the generation of
a cleavage furrow when injected into eggs before the onset of
cleavage (Sawai and Yomota, 1990; Sentein, 1979; Sentein
and Atès, 1978) and its growth when injected after that (Kubota
and Sakamoto, 1993; Sawai and Yomota, 1992). The latter
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fact suggested that microtubules participate in the birth and
growth of cleavage furrows. In a previous paper (Sawai, 1992),
the involvement of microtubules in furrow formation was tested
by examining the effects of microtubular poisons on the for-
mation of a furrow in normal cleavage and on the induction of
furrow-like dents by FIC transplantation, and it was shown
that microtubule involvement is likely. To corroborate these
previous conclusions, the present study examines closely the
effect of colchicine on furrow formation in newt eggs using
three experimental systems, i.e. furrow formation in normal
cleavage and that in isolated egg fragments, and the induc-
tion of furrow-like dents by FIC.

MATERIALS AND METHODS

Eggs of the newt, Cynops pyrrhogaster, were used exclusively in
the experiments. Fertilized eggs were obtained by hormonal stimulus
with chorionic gonadotropin. About 80 IU of the hormone was injected
every other day into the abdomen of female newts that had gained
spermatophores in their habitat.

Eggs were deprived of the jelly capsule by treatment with 1.5 %
sodium thioglycollate solution (pH 10.0). The vitelline membrane was
removed with forceps. Denuded eggs were placed one by one in small
depressions on an agar bed under Holtfreter’s saline containing colchi-
cine at a concentration of 0 or 1.0 mM. Making a slit and isolating a
cortical layer were done manually with a fine glass needle. Injection
of cytoplasm (about 100 nl) was done with a capillary with a diameter
of about 50 µm (Sawai, 1972). The capillary was inserted into donor
eggs during cleavage. After its tip was moved close to the surface of
the plane of a furrow, subcortical cytoplasm was withdrawn into the
capillary. The capillary was then pulled out and inserted into recipient
eggs, and the cytoplasm of the donor eggs was injected to a site
beneath the cortex opposite to that of the insertion of the capillary.

RESULTS

Wound healing on cleavage plane
The cortex of eggs during first cleavage was slightly slit

across the cleavage furrow in Holtfreter’s saline, and wound
healing and the subsequent progress of the cleavage were
observed. Figure 1 shows a typical result in eggs which were
slit in front of the two ends of the furrow that has just started
growing. Immediately after slitting, the furrow shrank rapidly
so that the slits were made to open wider with their shape
becoming rhombic. The wound from the slitting was completely
healed after 2-5 min, with small scars left on the surface. Cleav-
age progressed without trouble thereafter. Similar results were
obtained when slitting was done at other points on a furrow.
These observations imply that the contractile structures along
a furrow are tightly bound to the cortex of the cleavage plane
and have contractility along the entire furrow plane. When a
part of a furrow was removed, the wound from the removal
surgery was closed along the cleavage plane, and the closed
wound was changed to a deepening furrow (Fig. 2).

Effect of colchicine on furrow formation
To apply colchicine locally to eggs, slitting as shown in

Fig. 1 was done at two points on the surface of a cleavage
furrow in eggs placed in a colchicine solution. The slits closed

in a similar fashion to that made in Holtfreter’s saline. This
simple operation allows the microtubule poison to permeate
into a confined region in the eggs within a few minutes. Such
a local treatment with a colchicine solution caused severe
damage on the cleavage-furrow formation of operated eggs.
The furrow usually degenerated immediately after rapid shrink-
age between the two slits (Fig. 3). The subsequent process of
the cleavage in these eggs was followed in view of several
points, which were categorized into the following three groups:
I. In cases in which the eggs recovered after the damage by
colchicine, cleavage resumed 40-60 min after the degenera-
tion of the furrow and was completed (6 of 17 cases). II. The
furrow reappeared on the surface of the equator, skipping over

Fig. 1. Wound healing on a cleavage furrow. A slit was made at two
points on the cleavage plane. The wound was rapidly closed and
cleavage progressed normally. Numerals indicate the time in min-
utes after slitting. ×13.

Fig. 2. Wound healing at a site where a part of the furrow was re-
moved (between the two arrows). The wound was closed quickly along
the cleavage plane (0-3 min) and the portion of slitting became a
deepening furrow (6 min). Numerals; same as in Fig. 1. ×13.
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the degenerated area, and resulted in a partial cleavage as
shown in the last print of Fig. 3 (9 of 17 cases). III. Cleavage
was completely arrested (2 of 17 cases). It seems that the
result may be influenced by the extent to which colchicine
solution can permeate into the eggs. Similar results were ob-
tained when slitting was done along the cleavage plane (Fig.

4). The number of the individual categorized cleavage pat-
terns was 10/18 for complete cleavage, 6/18 for partial cleav-
age and 2/18 for arrested cleavage. When slitting was done
at an advancing tip of a furrow halfway through the first cleav-
age, the number of categorized cleavage patterns observed
was 14/22 for complete cleavage, 8/22 for partial cleavage
and 0/22 for arrested cleavage. When slitting was done at a
point more than 0.4 mm away from the cleavage plane, cleav-
age was little affected. This reveals that colchicine locally af-
fected cleavage-furrow formation. When slitting was done
around the center of a deepening furrow halfway through the
first cleavage, the growth of the furrow was only slightly dam-
aged.

As a control experiment, we previously reported that the
cleavage of amphibian eggs suffered no damage when the
eggs were cultured in a solution containing colchicine at con-
centration of 2.5 mM (1.0 mM in the present experiment) dur-
ing the first cleavage cycle (Sawai and Yomota, 1992).

These results indicate that colchicine severely affected
the establishment of a furrow and the stabilization of a na-
scent furrow, but not the deepening of a stabilized furrow.

Effect of colchicine on furrow progress in isolated egg
fragments

Fragments of the cortical layer were isolated from the
animal hemisphere of eggs just after the onset of first cleav-
age along with a freshly generated furrow. The fragment had
been already prepared for furrow formation and could sepa-
rate into two parts when it was transplanted to another egg
(Sawai, 1980). In the present experiment, the fragment rap-
idly changed its shape to a round one within several minutes
of isolation and continued to divide when kept on an agar sheet
in Holtfreter’s saline (Fig. 5A). In a colchicine solution, how-

Fig. 3. A typical case of wound healing on the cleavage plane and
the inhibition of furrow progress in a colchicine solution. The egg was
slit at two points across the furrow in a colchicine solution and cul-
tured there. The wound healed in a similar fashion to the eggs shown
in Fig. 1, but the subsequent cleavage was disturbed. The furrow
degenerated immediately after rapid shrinkage (0-30 min), and reap-
peared on the surface of the equator, resulting in a partial cleavage
(80 min). Numerals; same as in Fig. 1. ×13.

Fig. 4. A typical case of inhibition of cleavage in a case in which
slits were made along a cleavage furrow. The furrow regressed just
after slitting (0-13 min) and reappeared on one side of the equator
(35 min). Numerals; same as in Fig. 1. ×13.

Fig. 5. Progress and failure of cleavage in a cortical fragment with a
small furrow (f) in Holtfreter’s saline (A) and a colchicine solution (B).
A1, A2 and A3; just, 20 and 30 min after the isolation. B1, B2 and B3;
just, 3 and 8 min after the isolation. ×21.
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ever, the furrow of the fragment regressed quickly after isola-
tion (Fig. 5B).

Effect of colchicine on the induction of a furrow-like dent
As a control experiment in Holtfreter’s saline, portions of

furrow-inducing cytoplasm (FIC) obtained from cleaving eggs
were transplanted to a site beneath the animal cortex outside
the cleavage plane immediately after the onset of first cleav-
age. Slits were made on the cortex at one or two of the sides
of the transplantation site at two different stages; just after
FIC transplantation and at the stage of pigment accumulation
which is the first sign of induction of a furrow-like dent. In these

cases, the induction of furrow-like dents was not disturbed
(Figs. 6, 7) though the extent of the induction was a little small
compared with the cases when no slitting was previously re-
ported (Sawai, 1972, 1983). As another control experiment,
FIC was transplanted to cleaving eggs in a colchicine solu-
tion, but with no slitting. In this test, the dent induction oc-
curred in a similar way to the operation in Holtfreter’s saline.

However, the FIC transplantation and subsequent slit-
ting in a colchicine solution did not usually result in induction
(Fig. 7).

DISCUSSION

The present report demonstrated that colchicine, a mi-
crotubule-depolymerizing agent, severely damaged the gen-
eration and growth of cleavage furrows in newt eggs, even
when the agent was locally applied around the cleavage plane.
Furthermore, the agent inhibited the induction of furrow-like
dents by the FIC transplantation and furrow formation in iso-
lated cortical fragments. These results were similar to those
from a previous experiment in which microtubular poisons were
injected into Cynops and Xenopus eggs (Sawai, 1992; Sawai
and Yomota, 1992; Kubota and Sakamoto, 1993).

In the previous experiments when poison solutions were
injected into cleaving eggs, we could not determine the range
of the effect the poisons had on cleavage-furrow formation in
operated eggs. The present experiment succeeded in roughly
limiting the area on which colchicine acts as an inhibitor, and
the results from experiments with cleaving eggs reveal that
the microtubular poison directly interfered with the establish-
ment of contractile structures in the cortex on the cleavage
plane.

In a previous paper (Sawai, 1980), fragments of cortical
layer with small entire cleavage furrows were isolated from
Cynops eggs just after the onset of first cleavage, and were
then grafted onto the animal hemisphere of uncleaved fertil-
ized eggs. The fragments continued to divide on the host eggs
and were separated into two parts. This result suggests that
fragments with small furrows were ready for furrow formation
on the presumptive cleavage plane in the fragments and for
the contraction of the furrows to divide themselves into two
parts. The present results showed that cleavage in cortical
fragments with a furrow progressed in Holtfreter’s ringer, as
expected, but was completely inhibited in a colchicine solu-
tion. This means that colchicine injured directly the establish-
ment and contraction of a furrow in a cortical fragment that
had gained an ability to divide independently of the endoplasm
or cytoplasmic structures.

We have shown by the FIC transplantation experiments
(Sawai, 1972, 1983; Sawai et al., 1969) that a furrow was
established by an interaction of a cortical and a cytoplasmic
factor . With regard to the relationship between the role of
microtubule structures and that of the two factors in cortical
events, several reports had indicated that microtubular poi-
sons have no effect on the emergence of cortical changes
such as travelling of a contractile wave, rounding-up of eggs

Fig. 7. Experimental procedures and results of dent induction. FIC
was transplanted at an early stage of first cleavage, and then slits
were made on the cortex on two sides of the transplanted site 3-5 min
or 5-20 min after the FIC transplantation, in Holtfreter’s saline (Hol.)
and in a colchicine solution (Col.). Results in each case are shown on
the right-hand. +, ± and – indicate the case of dent induction, weak
reaction and no reaction, respectively.

Fig. 6. Effect of slitting on the induction of furrow-like dents by FIC
transplantation. FIC was transplanted to beneath the cortex and two
slits were made at both sides of the transplantation about 10 min
after transplantation. Dent induction occurred (if). Numeral; time (min)
after slitting.
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or increase of stiffness (Hara et al., 1980; Sakai and Kubota,
1981; Sakai and Shinagawa, 1983; Shinagawa, 1983; Yoneda
et al., 1982), which are regarded as a reflection of a cortical
change indispensable for furrow formation (Sawai, 1979;
Sawai and Yoneda, 1974). From these findings, it seemed
possible that the cortical factor could appear independently of
microtubule structures. If this was true, furrow-like dents should
form on the surface of eggs treated with microtubular poisons
in response to induction by the FIC. However, the previous
paper showed that this was not the case when the FIC was
transplanted to the egg injected beforehand with the poisons.
In the present experiment, the eggs were locally treated with
the poison at a site where the FIC had been already trans-
planted. This resulted in the interruption of the induction of
furrow-like dents, although the treatment was made before or
after the emanation of induction.

The present results, taken together, confirm a previous
suggestion that the microtubule structures are directly involved
in the generation and growth of a cleavage furrow in newt
eggs.

ACKNOWLEDGMENT

I thank Dr. A. Shinagawa,Yamagata University, for his reading of
the manuscript and valuable suggestions.

REFERENCES

Arnold JM (1969) Cleavage furrow formation in a telolecithal egg
(Loligo pealii ). 1. Filaments in early furrow formation. J Cell Biol
41: 894–904

Bluemink JG (1970) The first cleavage of amphibian egg. An electron
microscope study of the onset of cytokinesis in the egg of Am-
bystoma mexicanum. J Ultrastruct Res 32: 142–166

Conrad GW, Rappaport R (1981) Mechanism of cytokinesis in animal
cells. In “Mitosis/Cytokinesis” Ed by AM Zimmerman, A Forer,
Academic Press, New York, pp 365–396

Fujiwara K, Pollard TD (1976) Fluorescent antibody localization of
myosin in the cytoplasm, cleavage furrow and mitotic spindle of
human cells. J Cell Biol 71: 848–875

Hamaguchi Y (1975) Microinjection of colchicine into sea urchin eggs.
Develop Growth Differ 17: 111–117

Hara K, Tydeman P, Kirschner M (1980) A cytoplasmic clock with the
same period as the division cycle in Xenopus eggs. Proc Natl
Acad Sci USA 77: 462–466

Hiramoto Y (1956) Cell division without mitotic apparatus in sea ur-
chin eggs. Exp Cell Res 11: 630–636

Hiramoto Y (1965) Further studies on cell division without mitotic ap-
paratus in sea urchin eggs. J Cell Biol 25:161–166

Hiramoto Y (1971) Analysis of cleavage stimulus by means of micro-
manipulation of sea urchin eggs. Exp Cell Res 68: 291–298

Kubota T (1966) Studies of the cleavage in the frog egg. 1. On the
temporal relation between furrow determination and nuclear di-
vision. J Exp Biol 44: 545–552

Kubota T, Sakamoto M (1993) Furrow formation in the vegetal hemi-
sphere of Xenopus eggs. Develop Growth Differ 35: 403–407

Mabuchi I (1986) Biochemical aspect of cytokinesis. Int Rev Cytol
101: 175–213

Mabuchi I, Okuno M (1977) The effect of myosin antibody on the cell
division of starfish blastomeres. J Cell Biol 74: 251–263

Mabuchi I, Itoh TJ (1992) Molecular mechanisms of mitosis and cy-
tokinesis. In “Advances in Comparative and Environmental Physi-

ology Vol 12” Ed by H Sugi, Springer-Verlag, Berlin Heidelberg,
pp 227–260

Rappaport R (1971) Cytokinesis in animal cells. Int Rev Cytol 31:
169–213

Rappaport R (1986) Establishment of the mechanism of cytokinesis
in animal cells. Int Rev Cytol 105: 245–281

Rappaport R (1997) Cleavage furrow establishment by the moving
mitotic apparatus. Develop Growth Differ 39: 221–226

Rappaport R, Ebstein RP (1965) Duration of stimulus and latent pe-
riod preceding furrow formation in sand dollar eggs. J Exp Zool
158: 373–382

Sakai M, Kubota HY (1981) Cyclic surface changes in the non-nucle-
ate egg fragment of Xenopus laevis. Develop Growth Differ 23:
41–49

Sakai M, Shinagawa A (1983) Cyclic cytoplasmic activity of non-nucle-
ate egg fragments of Xenopus controls the morphology of in-
jected sperms. J Cell Sci 63: 69–76

Sawai T (1972) Roles of cortical and subcortical components in cleav-
age furrow formation in amphibia. J Cell Sci 11: 543–556

Sawai T (1974) Furrow formation on a piece of cortex transplanted to
the cleavage plane of the newt egg. J Cell Sci 15: 259–267

Sawai T (1979) Cyclic changes in the cortical layer of non-nucleated
fragments of the newt’s egg. J Embryol Exp Morph 51: 183–193

Sawai T (1980) On propagation of cortical factor and cytoplasmic fac-
tor participating in cleavage furrow formation of the newt’s egg.
Develop Growth Differ 22: 437–444

Sawai T (1983) Cytoplasmic and cortical factors participating in cleav-
age furrow formation in eggs of three amphibian genera; Am-
bystoma, Xenopus and Cynops. J Embryol Exp Morph 77: 243–
245

Sawai T (1992) Effect of microtubular poisons on cleavage furrow
formation and induction of furrow-like dent in amphibian eggs.
Develop Growth Differ 34: 669–675

Sawai T, Kubota Y, Kojima KM (1969) Cortical and subcortical changes
preceding furrow formation in the cleavage of newt egg. Develop
Growth Differ 11: 246–254

Sawai T, Yoneda M (1974) Wave of stiffness propagating along the
surface of the newt egg during cleavage. J Cell Biol 60: 1–7

Sawai T, Yomota A (1990) Cleavage plane determination in amphib-
ian eggs. In “Cytokinesis-Mechanisms of Furrow Formation dur-
ing Cell Division” Ed by GW Conrad, TE Schroeder, Ann N Y
Acad Sci 582: 40–49

Sawai T, Yomota A (1992) The effect of colchicine on progress of
cleavage furrow in amphibian eggs. Bull Yamagata Univ Nat Sci
13: 119–125

Schroeder TE (1968) Cytokinesis: filaments in the cleavage furrow.
Expl Cell Res 53: 272–276

Schroeder TE (1975) Dynamics of the contractile ring. In “Molecules
and Cell Movement” Ed by S Inoue, RE Stephens, Raven Press,
New York, pp 305–334

Schroeder TE (1981) Interrelations between the cell surface and the
cytoskeleton in cleaving sea urchin eggs. In “Cytoskeletal Ele-
ments and Plasma Membrane Organization” Ed by G Poste, GL
Nicolson, Elsevier/North-Holland Biomedical Press, pp 169–216

Schroeder TE, Otto JJ (1988) Immunofluorescent analysis of actin
and myosin in isolated contractile rings of sea urchin eggs. Zool
Sci 5: 713–725

Selman GG (1982) Determination of the first two cleavage furrows in
developing eggs of Triturus alpestris compared with other forms.
Develop Growth Differ 24: 1–6

Selman GG, Perry MM (1970) Ultrastructural changes in the surface
layers of the newt’s egg in relation to the mechanism of its cleav-
age. J Cell Sci 6: 207–227

Sentein P (1979) Inhibition of spindle assembly by colchicine and of
cell cycle by cycloheximide. Comparison and combination of their
cytological action on cleavage mitoses. Expl Cell Biol 47: 368–
391

Downloaded From: https://complete.bioone.org/journals/Zoological-Science on 16 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



T. Sawai56

Sentein P, Atès Y (1978) Cytological characteristics and classifica-
tion of spindle inhibitors according to their effects on segmenta-
tion mitoses. La Cellule 72: 267–289

Shinagawa A (1983) The interval of the cytoplasmic cycle observed
in non-nucleate egg fragments is longer than that of the cleav-
age cycle in normal eggs of Xenopus laevis. J Cell Sci 64: 147–
162

Tilney LG, Marsland D (1969) A fine structural analysis of cleavage
induction and furrowing in the eggs of Arbacia punctulata. J Cell

Biol 42: 170–184
Waddington CH (1952) Preliminary observations on the mechanism

of cleavage in the amphibian egg. J Exp Biol 29: 484–489
Yoneda M, Kobayakawa Y, Kubota HY, Sakai M (1982) Surface con-

traction waves in amphibian eggs. J Cell Sci 54: 35–46
Zotin AI (1964) The mechanism of cleavage in amphibian and stur-

geon eggs. J Embryol Exp Morph 12: 247–262

(Received September 5, 1997 / Accepted October 8, 1997)

Downloaded From: https://complete.bioone.org/journals/Zoological-Science on 16 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


