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ABSTRACT

The effects of Colcemid, the deacetyl-N-methyl derivative of colchicine, on the eggs of
Arbacia punctulata were investigated. Colcemid in concentrations of 2.7 X 0- 5 M or greater

blocks syngamy (the fusion of the pronuclei) in these eggs. Although a tenfold decrease in

concentration of Colcemid usually permits the pronuclei to fuse, the subsequent division is

blocked. In the sea urchin egg, the duration of presyngamy is about 15 min during which

time there is no DNA synthesis. However, DNA synthesis is recorded in Colcemid-blocked

cells prior to syngamy. Radioautographs of Colcemid-blocked cells which were immersed
into thymidine-3 H exhibited silver grains above each of the pronuclei. The action

of Colcemid on Arbacia eggs is reversible. Nevertheless, exposures to 2.7 X 10 - 5 M Colcemid

for only 3 min, initiated 5 min after insemination, caused delays of 70 min in subsequent
division. In general, cells are more sensitive to Colcemid prior to the time when the mitotic

spindle is being assembled than at presyngamy stages. The results are discussed in terms of

Colcemid action on pronuclear fusion and cell division.

INTRODUCTION

Colcemid (deacetyl-N-methylcolchicine) is a col-

chicine derivative which, although similar in ac-

tion to its parent compound, is more effective and
less toxic than colchicine (2, 5, 6). Sauaia and

Mazia (9) found that Colcemid specifically disor-

ganizes the mitotic apparatus in sea urchin eggs.
Specific disruption of sea urchin mitotic apparatus

is also known to occur as a result of high pressure
treatment (17). Recently, Zimmerman and Silber-

man (18) found that high pressure could block
pronuclear fusion in sea urchin eggs while permit-

ting the individual pronuclei to incorporate thymi-
dine-3 H although DNA synthesis does not normally
occur in these eggs until after the pronuclei fuse.
As a further extension of this work and in view of

the recent indication by Marsland (8) that col-

chicine and pressure may produce similarly di-

rected changes in the mitotic apparatus structure,
we thought it would be interesting to study the
effect of Colcemid on pronuclear activity in sea

urchin eggs.
The present investigation has two main objec-

tives: (1) to see whether Colcemid would block
syngamy in Arbacia eggs and to study DNA synthe-

sis in such Colcemid-treated cells; (2) to establish
the effects of Colcemid on the division schedule of
sea urchin eggs.

MATERIALS AND METHODS

LIVING MATERIAL: Eggs of Arbaia punctulata
were obtained by intracoelomic injections of 0.5 M
KCI. The eggs were washed in three changes of
filtered seawater prior to use. The sperm, obtained
from excised testes, were placed in a dry stender dish
and stored at 40 C. Just prior to insemination one
to two drops of sperm concentrate were added to 15
ml of seawater, and four to five drops of the diluted
sperm suspension were added to the eggs. Only those
batches of eggs in which 98% of the eggs showed
fertilization membranes were used.

RADIOAUTOGRAPHIC STUDIES: 5 min after
insemination, the eggs were placed into varying

concentrations of Colcemid in the presence of
thymidine- 3 H (2 puc/ml) and incubated for 30- 60-
min duration (at 20-21 C). The Colcemid (deacetyl-
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N-methylcolchicine) was graciously supplied by
Ciba Company, Dorval, Quebec. 'he tritiated thy-
lidine (specific activity 6.7 C/inmmole) was obtained

from New England Nuclear Corporation, Boston.
After incubation, the cells were fixed in Bouin's
solution for 30 min; the eggs were then washed three
times in 50% ethanol, dehydrated in graded alco-
hols, and embedded in tissue mat. Subsequently,
5-y serial sections were Flaced on subbed slides,
"cleared," and either covered with ARI0 radioauto-
graphic stripping fihn or dipped into NTB2 liquid
emulsion. In certain experiments the cleared slides
were incubated in DNase (Worthington Co., Harri-
son, N. J.) solution (1 mg/ml) buffered with veronal,
at pH 7.5, for 36 48 hr at 370 C, prior to being cov-
ered with radioautographic emulsion. After a 23-25-
day exposure period, the emulsion-covered slides
were subjected to photographic development (3. 7).
The slides were analyzed and photographed under
phase.

COLCEMID REVERSAL: Inotherexperiments the
eggs were placed into varying concentrations of
Colcemid, at specified times after insemination, for
various durations (3, 5, 10, 15, 30, and 60 min).
The cells were then washed three times in filtered
sea water, and the time of 50% division was recorded
for both experimental and control cells. The excess
division delay was calculated as the difference in
time to 50% cleavage between the Colcemid-
treated eggs and the control eggs, minus the time the
eggs were in the Colcemid.

RESULTS

Effects of Colcemid on Pronuclear Fusion

Inseminated eggs were placed into various con-
centrations of Colcemid, in the presence of thymi-
dine-3H, 5 min after insemination, for 30- and
60-min durations. The time for pronuclear fusion
in Arbacia punctulata eggs (within temperature
ranges of 20 21 °C) is about 10-14 min. The fusion
of the pronuclei (syngamy) involves two phases:
the movement of pronuclei toward each other in
the center of the cell; and the mixing of the ge-
nomes. When the concentration of Colcemid was
2.7 X 10-4 M, there was no appreciable movement
of the pronuclei toward fusion. When the concen-
tration was reduced to 2.7 X 10- 5 M, there was
some movement of the pronuclei toward fusion,
since many cells showed pronuclei at varying
distances from each other. Fig. 1 illustrates the
stage of pronuclear fusion following a 30-min
exposure to Colcemid in the presence of thymidine-
3H. As shown in Fig. 1 a and b, at concentrations
of 2.7 X 10- M or greater, Colcemid blocks the

movement of the pronuclei toward fusion but does
not block incorporation of thymidine-H. When
the concentration of Colcemid was reduced to
2.7 X 10- 6 M, serial sections of the material re-
vealed that, in most cases, the pronuclei had fused.
In some cells the pronuclei were in close proximity
to each other but had not completely fused, as
shown in Fig. 1 c in which the radioautographic
pattern indicates that the male and female pro-
nuclei are in close proximity. In this case, fusion
is not completed and the silver grains remain in
relatively localized areas. This finding is in con-
trast to that in the control cells, shown in Fig. 1 d,
which were incubated in the presence of thymi-
dine-'H for 30 min without Colcemid; in this
photomicrograph the radioautographic grains are
distributed homogeneously over the fusion nucleus.
In this experiment, 99% of the thymidine-lH-
labeled control eggs divided 50 min after insemina-
tion.

When the duration of exposure to Colcemid and
thymidine-3H was extended to 60 min, the general
patterns were unchanged except that the number
of grains over the pronuclei and over the fused
nuclei was markedly increased.

In a few instances, polyspermy was observed
and, as shown in Fig. 2, the radioautographic
grains are localized in three masses above the
pronuclei.

Colcemid Reversal

Sauaia and Mazia (9) have reported that 2.7
X 10- 5 M Colcemid irreversibly blocks eggs of the
sea urchin, Strongylocentrotus purpuratus, at meta-
phase, following a 5-min exposure. In order to
establish the effect of Colcemid on the fistr division
schedule in the eggs of Arbacia, the cells were
treated at 5 and 30 min after insemination, for
varying periods of time. Subsequently, they were
removed from the Colcemid and washed three
times in filtered seawater, and the time for 50%
division was recorded. At least 100 cells were
counted at each observation, and the cells were
observed at frequent intervals (2-5 min) during
the cleavage periods. At other stages, they were
observed at 5-min intervals. The excess division
delay is calculated as the difference in time for
50j% furrowing between the Colcemid-washed cells
and the control cells, minus the duration of Col-
cemid treatment.

The relationship between the excess division
delays and the duration of the treatment is repre-
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FIGURE 1 Radioautographs of Arbacia eggs following 30-min immersion in varying concentrations
of Colcemid in the presence of thymidine-3H (2 Ac/mil). Colcemid and tymidine-3H treatment
was initiated 5 min after insemination. Figs. 1 a c show eggs that were placed into 2.7 X 10-4 , 2.7 X 10- 5,
and 2.7 X 10- 6 M Colcemid, respectively, in the presence of thyinidine-3H. In Figs. 1 a and b, the silver
grains are localized in two masses above the two pronuclei; however, in Fig. 1 c, the silver grains are
localized in two masses close together. Fig. 1 d shows radioautographic pattern of a control cell incu-
bated for the same duration (30 min) as the other cells, but not subjected to Colcemid treatment.
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FIGunE 2 Radioautographic pattern of an egg cell
in which treatment with Colceinid (1.1 X 10-4 M) and
thyrnidine-3 H (2 c/ml) was initiated 5 min after in
semination and extended for a duration of 60 milln. The
silver grains are localized in three separate masses above
the pronuclei. This illustrates the radioautographic
pattern found in a polyspermic egg, in which more than
one sperm has entered the egg.

sented in Fig. 3, following a treatment with 2.7 X
10- I M Colcemid that was initiated 5 min after
insemination for durations of 3, 5, 10, 15, 30, and
60 min. A delay of 70 min was found following a
3-min exposure to Colcemid; as the duration of
exposure was increased, the subsequent delays
were markedly increased. Although the non-
treated controls divided quite synchronously (re-
quiring 7-10 min for time between 10 and 90%
division of the cell population) the Colcemid-
treated cells were less synchronous (e.g. 53-60 min
for the time between 10-90% division) following
a 5-min exposure. After a 15-min exposure, the
time between 10 and 90% division was increased
to 65 min. Longer exposures to Colcemid led to
more prolonged intervals of time between 10 90%
division.

In other experiments, eggs were similarly treated
with 2.7 X 10- 5 M Colcemid for periods of 3, 5, 10,
and 15 min but treatment was initiated 30 min
after insemination. Since these studies were con-

ducted later in summer, on a water table between
22 ° and 24°C, it is difficult to state precisely the
stage at which the cells were first immersed in
Colcemid. Under these temperature conditions,
the 30-min time following insemination cor-
responds to prophase, since 50 % cleavage occurred
between 40 and 46 min in the controls. A com-
parison between treatments initiated at 5 min and
at 30 min after insemination (see Fig. 4) reveals
that the cells are more sensitive to Colcemid 30 min
after insemination than at 5 min after insemina-
tion, for each of the individual exposure times.

When the concentration of Colcemid was re-
duced to 2.7 X 10- 6 M, the division delays were
markedly reduced. With this more dilute concen-
tration of Colcemid, a 15-min treatment initiated
30 min after insemination caused a delay of only
12 min, whereas at the higher concentration (2.7
X 10-6 M) the division delay was 216 min.

DISCUSSION

The present study on the action of Colcemid in
eggs of Arbacia punctulata demonstrates that this
antimitotic agent is capable of blocking pronuclear
fusion. Furthermore, it has been shown that the
Colcemid-blocked pronuclei incorporate thymi-
dine-3H.

The extent of Colcemid inhibition on pronuclear
fusion is dependent upon the concentration. In his
report of studies with radioactive colchicine, Taylor
(12) points out that colchicine is bound to cells at
a rate proportional to its concentration. In the
present experiments Colcemid at a concentration
of 2.7 X 10-5 M prevented syngamy, but if the
concentration was reduced by a factor of 10 then
pronuclear fusion usually occurred. Recently,
Dr. K. Nakamura (Kyoto University), while
studying the path of the pronuclei in sea urchin
eggs,l also found that Colcemid could block syn-
gamy.

In the sea urchin egg (Arbacia), the duration of
presyngamy is about 15 min and DNA synthesis
normally occurs following pronuclear fusion (16).
In the present study, when syngamy was blocked
by Colcemid there was incorporation of thymidine-
3H in the absence of pronuclear fusion. These find-
ings corroborate the results of Bucher and Mazia ( 1 )
and Zimmerman and Silberman (18) who found
that sea urchin pronuclei also incorporated thymi-
dine-3H when their fusion was blocked by
mercaptoethanol and hydrostatic pressure, respec-

1 K. Nakamura. Personal communication.
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FIGURE 3 The effects of Colcemid on division delay in Arbacia eggs. The eggs were immersed in 2.7 X

10 - 5 M Colcemid 5 min after insemination. The average value of the excess division delay for first division
is plotted as a function of the duration of Colcemid treatment.
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tively. Thus, in sea urchin eggs, DNA synthesis

can occur in pronuclei when pronuclear fusion is

blocked. However, in sand dollar eggs (10) and
grasshopper eggs (11), DNA synthesis normally

occurs prior to pronuclear fusion. Thus, it appears

that fusion of pronuclei is not a necessary pre-

requisite for initiation of the biochemical events

associated with the incorporation of thymidine-3H.

In the present experiments, the effects of Col-
cemid were found to be reversible. However,

Sauaia and Mazia (9) report that the action

of Colcemid (at comparable concentrations) was

irreversible in eggs of the sea urchin, Strongylo-

centrotus purpuratus. The mechanism of Colcemid

action is complex in that the time required for

reversal of blockage does not correspond directly

to the time of exposure to this drug (see Fig. 3).

Furthermore, the present studies indicate that

brief exposures (3-5 min) to 2.7 X 10- M

Colcemid resulted in extended delays of subsequent

cytokinesis (see Fig. 4). Thus, it would seem that

Colcemid penetrates the cell rapidly and remains
bound to sites in the cell for some time after re-
moval of the cell from the Colcemid solution.

These observations are compatible with those of

Taylor (12), who finds a rapid penetration of
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colchicine in cultured cells and observes a slow
loss of bound colchicine from these cells when

they were resuspended on colchicine-free medium.

It was found that Arbacia eggs are more sensitive

to Colcemid at prophase (when mitotic structures

begin to form) than at presyngamy stages, as indi-

cated from division delay studies (see Fig. 4).

Taylor's work (12) also suggests that cells in differ-

ent stages of mitosis were differentially sensitive

to colchicine inhibition. The increased sensitivity

to Colcemid at prophase as compared with syn-

gamy may reflect an increased intracellular bind-

ing of Colcemid or it may reflect an increase in

cell permeability to Colcemid at prophase. Sauaia

and Mazia (9) believe that Colcemid disorganizes

the mitotic spindle structure in the sea urchin,

Strongylocentrotus purpuratus, by weakening molecu-

lar bonding. Their preliminary data do not indi-

cate any interference of ATPase activity in mitotic

apparatus isolated from Colcemid-treated cells.

Inou6 and coworkers (4), using 10 - 8 M Colcemid,

report a loss of birefringence in the mitotic spindle

fibers in the egg of the marine annelid, Pectinaria

gouldi. Furthermore, the recovery of spindle bire-
fringence did not appear to be dependent upon

protein synthesis. In this connection, it is perhaps

germane to note that Taylor (12) reports no meas-

urable effect of colchicine on rates of synthesis of

DNA, RNA, and protein after mitosis was com-

pletely inhibited. In the present study, we have

also been able to demonstrate DNA synthesis in

Colcemid-blocked cells. Recently, Zimmerman

and Silberman (19) have demonstrated that high

pressure affects the division schedule of Arabacia

eggs to a greater degree when applied at prophase

than at any other time during the division sched--

ule, presumably through interference with the

newly forming mitotic spindle processes.

Marsland (8), investigating the combined effects

of colchicine and hydrostatic pressure on eggs of

the sea urchin, Lytechinus, found that these agents

act synergistically in inhibiting mitotic function.

These results were expected since colchicine (13)

and high pressure (15) have produced similar

disruptive effects on microtubule structure (in the

helizoan, Actinosphaerium). In view of the similar

effect of Colcemid (present experiments) and high

pressure (18) in preventing pronuclear fusion and

in disrupting microtubule structure and in view of

the proposal that microtubules may be involved

in cell motion and cell elongation (14), it is inter-

esting to consider that Colcemid and high pressure

may affect the movement of pronuclei by affecting

microtubule structure. This view is compatible

with the concept that either colchicine or

Colcemid exerts its effect through interference

with polymerization of molecular subunits, which

are essential for the formation of fibrous protein

structures used in cellular activity.
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