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Developing sea urchin eggs (Strongylocentrotus purpuratus), 

reared at 15° C, were subjected to single 15- minute treatments with 

disodium versenate in calcium -free sea water, applied at 10- minute 

intervals, from 4 minutes after insemination to the second cleavage. 

These versene pulses produced specific degrees of retardation in 

the mitotic process and delayed cleavage. The effects on mitotic 

events were cytologically monitored and the times of 50% cleavage 

were observed -following each exposure period to versene. 

The cleavage delays induced by versene applied at successive 

periods in development yielded a specific pattern of response (sen- 

sitivity). This pattern showed two sensitivity peaks, one at the 

streak stage and one at telophase. A slight cleavage delay was also 

produced by treatment during the period before pronuclear fusion. 

The action of versene resulting in delay of cleavage was 

J. 



related to its calcium chelating properties, the removal of calcium 

preventing the formation of gels associated with the achromatic 

figure. 

Versene applied before pronuclear fusion retarded the events 

that precede pronuclear fusion, probably inhibiting monaster develop- 

ment. The sensitivity period from the fusion nucleus stage to early 

prophase, with a peak at the streak stage, was related to an inhibi- 

tion or retardation of protein gelation preceding formation of the 

metaphase achromatic figure. The sensitivity period from early 

prophase into interphase following the first cleavage, with a peak at 

telophase, was related to an inhibition or retardation in the forma- 

tion of gel structures required for development of the definitive 

diasters, the interzonal spindle, and the post- furrowing subcortical 

gel. 

A close relationship was shown to exist between the pattern 

of response to versene and the cyclic uptake and release of Calcium- 

45 previously studied by Clothier (1961). 
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THE EFFECTS OF VERSENE ON DIVIDING SEA URCHIN EGGS 

INTRODUCTION 

This study was initiated to investigate further some of the pos- 

sible relationships of calcium to specific mitotic and developmental 

events in developing sea urchin eggs. 

For many years there has been much interest in the relation of 

calcium to cellular phenomena. L. V. Heilbrunn (1956) suggested 

that calcium proteinate localized in the cortex of the egg is broken 

down at the time of activation and that free calcium is liberated into 

the egg interior. This liberated calcium causes a cytoplasmic 

coagulation comparable to the coagulation of blood, which explains 

the increase in cytoplasmic viscosity occurring after fertilization in 

several species. Daniel Mazia (1937) observed that the total calcium 

content of sea urchin eggs was not changed at fertilization, but that 

the concentration of free calcium increases at the expense of bound 

calcium. The increase in internal viscosity following fertilization 

has been observed to be a cyclic event in developing marine eggs; in 

Arbacia a marked viscosity increase occurred preceding spindle 

formation, then a decrease, and a second increase just before cell 

division (Heilbrunn, 1921). 

T. Hultin (1950) observed that the addition of calcium increased 

the viscosity of sea urchin egg homogenates and resulted in formation 
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of elastic strands. R. E. Kane and R. T. Hersh (1959) showed that 

the addition of small amounts of calcium ion to the soluble protein of 

sea urchin eggs causes the formation of a gel which can .be redis- 

solved by dialyzing off the calcium. While this gelation reaction is 

not calcium specific, calcium is effective in much lower concentra- 

tions than other divalent cations. 

G. G. Borei and U. Bjtfrklund (1953) studied the effects of 

versene on sea urchin eggs and observed a decrease in the viscosity 

of the cortex and of the interior cytoplasm. This decrease they 

attributed .. to the removal of interlinking cations, presumably calcium 

and magnesium. 

E. J. Dornfeld and A. Owczarzak (1958), investigating the 

effects of versene on fibroblasts grown in vitro, observed cellular 

responses which demonstrate relationships of divalent cations, 

especially calcium, to mitotic events. In non- dividing (interphasic) 

fibroblasts exposed to versene, the cells proceed into a state of 

contraction which is followed immediately by surface blebbing, events 

similar to those of normal fibroblasts as they enter metaphase and 

anaphase. This reaction is reversible, since upon the removal of 

the chelating agent the cells return to their normal interphasic state. 

These phenomena were also observed when fibroblasts were exposed 

to isosmotic salt solution lacking calcium and magnesium. When the 

interphasic cells were subjected to chelated versene (calcium 

.. 
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versenate and magnesium versenate), the previously elicited response 

did not occur, thus the reaction to versene was attributable to the 

removal of calcium (or other divalent cations) from the cells. 

Observations on dividing fibroblasts exposed to versene led to the 

conclusion that divalent cations (especially calcium) are involved in 

the formation of the mitotic apparatus, i. e. , transiently removed 

from the cortical regions and translocated to the developing system 

of the forming spindle and asters. 

G. E. Clothier (1961), using calcium -45, observed a regular 

uptake and release of radio - active calcium during the first mitotic 

cycle of sea urchin development. Three periods of uptake were 

noted and were related to mitotic events. These periods were inter- 

preted as being associated with (1) protein gelation preceding the 

formation of the metaphase spindle, (2) protein gelation preceding 

the synthesis of the interzonal spindle, and (3) gelation of protein 

involved in formation of new cell cortex at the time of cleavage. 

The present study was undertaken to determine the effects 

produced on cell division by removal of calcium at successive points 

in the mitotic cycle. It was thought that such intervention might 

have specific retarding or inhibitory effects on cell division and show 

a relationship to the cyclic calcium levels demonstrated by Clothier. 

Sea urchin eggs were chosen as appropriate experimental 

material, since synchronous development could be readily obtained 
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and the results compared with previous data. Moreover, the pH of 

sea water is at the level at which versene shows its greatest specifi- 

city for calcium chelation (F. J. Welcher, 1961). 
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MATERIALS AND METHODS 

The gametes used in this investigation were obtained from 

Strongylocentrotus purpuratus, the Pacific Coast Purple Sea Urchin. 

All specimens were collected at Yaquina Head near Newport, Oregon, 

and were maintained in running sea water at the Oregon State Univer- 

sity Marine Science Laboratory prior to their investigational use. 

Collection of Eggs and Sperm 

The release of eggs was induced by hypodermically injecting 

approximately two ml of 0. 5 M potassium chloride into the coelomic 

cavity through the peristomal membrane (A. Tyler, 1949). The 

animals were allowed to shed their eggs into beakers filled with 

filtered sea water at 15o C. The eggs were washed with at least 

two changes of sea water in the course of two hours. These washings 

effectively removed the jelly layers. 

The sperm were obtained by the same technique used for the 

eggs, but were shed "dry" into a Syracuse watch glass. All insemina- 

tion procedures were carried out with freshly obtained sperm. 

Sea Water and Experimental Solutions 

All sea water used had a salinity of at least 30 parts per 

thousand. Experimental solutions were made from filtered sea water 
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and the pH adjusted to the corresponding stock of filtered sea water. 

This pH varied from approximately 7. 6 to 8. 1. The solutions were 

also fully aerated prior to experimental use. 

The experiments were carried out at 15o ± 0.20 C. Tempera- 

ture was maintained constant by a water bath equipped with a combina- 

tion refrigeration unit, heater, thermostat, and stirrer -pump 

(" Porta- Cool - Porta- Temp," manufactured by Precision Scientific 

Company, Chicago, Illinois). A 15 gallon fiberglass aquarium was 

used as a reservoir. This was fitted with two accessory stirrer - 

pumps for rapid circulation. A plexi -glass water table was con- 

structed to support the culture dishes. Approximately 90 gallons of 

water per hour were circulated through the water table at a constant 

temperature. (See Figures 1 and 2.) 

Preliminary Experiments 

Preliminary experiments were made with (1) filtered sea water, 

(2) calcium -free sea water, and (3) dicalcium versenate in calcium - 

free sea water. Runs with filtered sea water were made to deter- 

mine the times of normal mitotic and developmental events during 

the early cleavage stages of embryological development. Since 

calcium -free sea water was used as the solvent for experimental 

solutions, its effect on mitotic and developmental events was 

separately tested. Calcium -free sea water was prepared by adding 



Figure 1. Constant Temperature Apparatus (Photograph) 
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1.654 grams of potassium oxalate per liter of sea water and then 

filtering the solution through fine filter paper. This quantity of 

potassium oxalate precipitated the free calcium in the sea water 

(F. Culkin, 1965). Preliminary experiments with dicalcium 

versenate were made to determine any observable effects of versene 

other than those caused by calcium removal (0. 048 M dicalcium 

ethylenedinitrilotetraacetic acid (Eastman Organic) in calcium -free 

sea water). 

Fertilization Procedures 

Washed eggs were fertilized by adding approximately two ml of 

a diluted sperm suspension (one drop of "dry" sperm /l0 ml filtered 

sea water) to 50 ml of sea water containing eggs, and inverting 

several times. A sample of the suspension was microscopically 

examined one minute after the addition of the sperm to evaluate the 

percent activation (presence of fertilization membranes). Only egg 

batches showing at least 99% activation within two minutes after the 

addition of the sperm were used for investigational purposes. 

Experimental Treatment and Sampling 

After settling of the eggs, the supernatant, containing most of 

the spermatozoa, was decanted and the eggs were resuspended and 

transferred to a larger vessel containing at least 250 ml of filtered 
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sea water. Eggs subjected to versene treatment during the first 50 

minutes after insemination were agitated at ten minute intervals. 

Eggs treated later were under continuous stirring from the time of 

fertilization. 

Eggs to be treated with versene were transferred to ten milli- 

liter centrifuge tubes and allowed to settle by gravity. The super- 

natant was siphoned away leaving 1/2 ml of eggs (approximately 

1,375,000 eggs) (E. B. Harvey, 1956). The versene solution was 

then slowly pipetted into the centrifuge tube. The tube was inverted 

several times and the egg suspension gently decanted into a culture 

dish (crystallization dish) containing 250 ml of the versene solution. 

At termination of the versene treatment, the solution was siphoned 

away and 250 ml of filtered sea water added very slowly and gently. 

Undue agitation of the eggs at this time would cause them to burst. 

Aliquots of the developing eggs were transferred at ten - minute 

intervals (over a 250 minute period) to vials and fixed for cytological 

study. The remaining eggs were allowed to develop for 12 to. 15 

hours when further observations were made to determine if there 

was a normal developmental pattern. 

A saturated solution of mercuric chloride plus 5% acetic acid 

(M. F. Guyer, 1949) was the fixative used. This was mixed with an 

equal volume of sea water containing the eggs. After five minutes 

in the fixative, the eggs were washed in distilled water. At this time 
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monitoring for mitotic stages was accomplished with little difficulty; 

nuclei, asters, spindles, and cleavage furrow were conspicuous 

(see Figure 3). 



EXPLANATION OF FIGURE 3 

MITOTIC STAGES OF CYTOLOGICALLY FIXED EGGS* 
(PHOTOMICROGRAPHS) 

FIGURE 3a - PRONUCLEAR STAGE (FEMALE PRONUCLEUS) 

FIGURE 3b - FUSION NUCLEUS STAGE 

FIGURE 3c - STREAK STAGE 

FIGURE 3d PROPHASE 

FIGURE 3e - LATE PROPHASE 

FIGURE 3f - LATE PROPHASE (ASTRAL FORMATION) 

FIGURE 3g - METAPHASE 

FIGURE 3h - METAPHASE OR ANAPHASE (POLAR VIEW) 

FIGURE 3i - TELOPHASE (CLEAVAGE) 

Whole eggs, unstained, fixed in saturated aqueous solution of 
mercuric chloride containing 5% acetic acid. 

- 
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Figure 3. Mitotic Stages of Cytologically Fixed Eggs 
(Photomicrographs) (Magnification x 300) 
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RESULTS 

Determination of Cleavage Times in Filtered Sea Water, 
Calcium -free Sea Water, and Calcium -free Sea Water 

with Dicalcium Versenate 

Ten minutes after insemination, 1/2 ml aliquots of eggs 

(settled by gravity) were transferred to filtered sea water, calcium - 

free sea water, and 0.048 M dicalcium versenate in calcium -free 

sea water. The eggs were allowed to develop in each of these media 

and the times of cleavage were determined by the method described 

in previous paragraphs. The results are shown in Tables 1 and 2. 

The cleavage times for both the first and second divisions were 

essentially the same whether the eggs were reared in filtered sea 

water or in calcium -free sea water. The 50% first cleavage took 

place 110 minutes after insemination and the 50% second cleavage 

at 170 minutes. 

Eggs reared in 0. 048 M dicalcium versenate from ten minutes 

after insemination had a first cleavage time of 115 minutes and a 

second cleavage time of 180 minutes. 

Establishment of the Experimental Concentration of Versene 

Thirty minutes after insemination, 1/2 ml aliquots of eggs 

(settled by gravity) were transferred to separate culture dishes 



Table 1. Times of First Cleavage in Filtered Sea Water, Calcium -free Sea Water and 0.048 M 
Dicalcium Versenate in Calcium -free Sea Water 

Solution Type 1 

Time of 50% Cleavage 
(first cleavage) 

Nearest (minutes after fertilization) 
5 Minute 

? 2 ? 3 ? 4 ? 5 ? 6 7 Average Interval 

Filtered Sea Water 105.5 110.9 111.9 105.9 109.8 

Calcium -free 
Sea Water 

Dicalcium Versenate 
in Calcium -free 
Sea Water 

108.8 110 

106.5 105.6 112.0 108 110 

114.9 117.9 116.4 115 

? 9 

- 



Table 2. Times of Second Cleavage in Filtered Sea Water, Calcium -free Sea Water and 0.048 M 
Dicalcium Versenate in Calcium Sea Water 

Solution Type 

Time of 50% Cleavage 
(second cleavage) 

Nearest (minutes after fertilization) 
5 Minute 

?: 1 2 3 4 5 6 7 Average Interval 

Filtered Sea Water 167.6 167.3 166.9 166.8 176.5 

Calcium -free 
Sea Water 

Dicalcium Versenate 
in Calcium -free 
Sea. Water 

171.9 165.4 176.8 

176.7 

169 170 

171.4 170 

185 180.5 180 

rn 

y y y 

- 
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containing 250 ml of various concentrations of disodium versenate in 

calcium -free sea water. All disodium versenate solutions were pre- 

pared with disodium ethylenedinitrilotetraacetic acid (Eastman 

Organic). The concentrations of the versenate solutions ranged from 

0.1 M to 0.01 M. 

At 120 minutes after insemination, the versenate solutions 

were siphoned off. The eggs were gently washed in filtered sea 

water and allowed to continue development. Observations were made 

at 15 hours after insemination to determine the state of development 

of the embryos. The results are shown in Table 3. 

It was observed that a concentration of 0.048 M disodium 

versenate in calcium -free sea water inhibited not only cleavage, but 

also the mitotic events following pronuclear fusion, yet allowed 

restitution of the cells in filtered sea water without observable 

adverse osmotic effects and permitted normal development to the 

blastula stage. This concentration was then adopted as the experi- 

mental concentration used throughout this investigation. 

The Effects of Pulsed Exposures of Disodium 
Versenate on the First Mitotic Period 

The study of the effects of versene on the first mitotic period 

was carried out by exposing the developing eggs to single short 

pulses of 0.048 M disodium versenate in calcium -free sea water at 
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Table 3. Effects of Various Concentrations of Versene in Calcium - 
free Sea Water on Development 

Concentration 
of 

Disodium 
Vers enate 

Developmental State 
110 Minutes After Insemination 

15 Hours After 
Insemination 
(filtered sea 

water) 

0.1 M fusion nucleus stage 

0.075 M fusion nucleus stage 

0.05 M fusion nucleus stage 

0.049 M fusion nucleus stage 

0.048 M fusion nucleus stage 

0.047 M metaphase 

0.046 M metaphase 

0.045 M anaphase (50% cleavage at 120 min.) 

0.04 M anaphase (50% cleavage at 123 min. 

0.035 M 36% cleavage (50% at 112 min.) 

0.03 M 32% cleavage (50% at 113 min.) 

0.025 M 32% cleavage (50% at 113 min.) 

0.01 M 24% cleavage (50% at 116 min.) 

plasmorrhexis 

plasmorrhexis 

plasmorrhexis 

plasmorrhexis 

blastula 

blastula 

blastula 

blastula 

blastula 

blastula 

blastula 

blastula 

blastula 
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selected intervals and determining the times of 50% cleavage by 

cytological observation. The pulses were of 15 minutes duration 

and were applied at successive 10 minute intervals from 10 minutes 

after insemination through the first cleavage. An 11- minute pulse 

was applied from 4 to 15 minutes after insemination. 

Three to five runs were made for each pulse- period, and at 

least 600 cells were counted from each run to determine the cleavage 

time. The 50% level of cleavage was extrapolated from the data of 

two adjacent 10- minute samples. The results are shown in Table 4 

and Figure 4. 

Each experimental run was monitored by microscopic examina- 

tion of cytologically fixed eggs to determine the effects of the versene 

pulse on the progress of mitosis. The results are shown in Figure 5. 

:. 



Table 4. Cleavage Retardation Induced by Versene Pulses 

Pulse- period 
in Time After 
Insemination 

(minutes) 

Time of 50% Cleavage 
(in minutes after insemination) 

Average 

Nearest 
5 Minute 
Interval 

* 
Delay of 

Cleavage Time Run 1 Run 2 Run 3 Run 4 Run 5 

4 - 15 121.5 120.7 119.2 120.5 120 . 10 

10 - 25 115.1 107.6 113.5 114.3 121.2 114.3 115 5 

20 - 35 118.2 118.9 114.9 117.2 124.2 118.7 120 10 

30 - 45 130.7 129.3 125.6 130.4 134 130 130 20 

40 55 147.8 145.3 136.9 143.7 147.1 144.2 145 35 

50 65 161.1 157.9 149.5 155.5 159.3 156.6 155 45 

60 - 75 133.5 122.7 123.6 135.6 123.9 127.9 130 20 

70 85 144 131.8 127.8 143.3 130.8 135.5 135 25 

80 - 95 160.5 145.4 142.8 153.8 142.4 149 150 40 

90 - 105 157.6 156.8 148.1 165.2 152.7 156.1 155 45 

100. - 115 ., 165.4 166.2 162.6 157.3 159.4 162.2 160 50 

110 - 125 194.7 210 201 201.9 200 30 

Compared to normal 50% cleavage time of 110 minutes. 

- 

- 

- 
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EXPLANATION OF FIGURE 5 

NORMAL VERSUS VERSENE TREATED EGGS WITH 
RELATION TO MITOTIC PROGRESS 

A - ANAPHASE 

FUS - PRONUCLEAR FUSION 

FN - FUSION NUCLEUS 

I - INTERPHASE 

MTK - METAKINESIS 

M - METAPHASE 

P - PROPHASE 

PRON - PRONUCLEAR STAGE 

S - STREAK STAGE 

T - TELOPHASE 



Pulse- 
Period 

in 
Minutes 

4-15 4 S FN FN S P P, MTK M A T 
I PRON I 

FRON FRON 

10-25 FN FN FN, S S, P P, MTK MTK, M M, A A, T 
I 

PRON 
I 

FUS 

20-35 FUS FN FN, S S S, P P, MTK MTK, M M, A A, T FRON 1 

30-45 FN FN, S S, P S, P P, MTK M, A M, A A, T 
I ; FN I FN 

40-55 M, A A, T A, T FN FN FN FN, S FN, S S, P P, MTK, M M, A 

50-65 M, A M, A A, T A, T FN FN FN, S FN, S FN, S S, P P, MTK, M 

60-75 M,A A A,;T I FN,S S I FN,S S S, P P,MTK MTK M,A A M,A A 

70-85 A,T A,T P P,MTK M M,A A 

80-95 M, A A, T A, T P, MTK P, MTK MTK, M M, A 

90-105 M,A M,A A,T A,T I M I M M 

100-115 M,A A A,T A,T <[ M,A M,A 

110-125 T I I P P, M M, A A, T A, T 
I T I 

MONASTER ( PROPHASE I 
CLEAVAGE METAPHASE CLEAVAGE 

I 
PRO, FUSION STREAK METAPHASE TELOPHASE PROPHASE 

I 
TELOPHASE 

I 

I 
FUSIOIN NUCLEUS 

I 
METAKIN, ANAPHASE INTERPHASE ANAPHASE 

I I I I I I I I I I I 

' 
I I I I I I I I I 

10 20 30 60 70 80 90 100 110 120 130 

Time After Insemination (in minutes) 

Figure 5, Normal Versus Versene Treated Eggs with Relation to Mitotic Progress, 
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DISCUSSION 

Preliminary Experiments 

The results of the preliminary experiments (Tables 1 and 2) 

concerning the times of cleavage in filtered sea water and in calcium - 

free sea water demonstrate clearly that development proceeds at the 

same rate in both media. H. Shapiro (1941), measuring the time of 

50% cleavage of Arbacia eggs in calcium -free medium, observed that 

the eggs cleaved more rapidly than in normal sea water (about a 10% 

acceleration). However, Shapiro fertilized the eggs in calcium -free 

sea water, whereas in this investigation the eggs were fertilized in 

normal filtered sea water and transferred to a calcium -free medium 

ten minutes after insemination. A. Scott and R. Pollen (1951), on 

the other hand, found no difference in cleavage time between Arbacia 

eggs reared in normal and calcium -free sea water. 

Eggs, under continuous exposure to.0.048 M dicalcium 

versenate in calcium -free sea water beginning ten minutes after 

insemination, were slightly delayed in their 50% cleavage time. 

(However, the second cleavage was not retarded in egg batches of 

female No. 5.) Dicalcium versenate when in solution under the 

experimental conditions of this investigation may release half of its 

chelated calcium and exist as a monocalcium chelated versenate 
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(Welcher, 1961). Thus 0.048 M free calcium would exist in solution. 

This concentration of free calcium emitted into the solvent is sig- 

nificantly higher than the amount of calcium found in normal sea 

water (0.0095 M), and could therefore have an effect of delaying the 

time of cleavage. Shapiro (1941) observed that when Arbacia eggs 

were reared in sea water with calcium concentrations above that of 

normal sea water, the time of cleavage was delayed, and if the 

calcium concentration were increased to three times the amount 

normally found in sea water there would be a retardation in the time 

of cleavage of about 20%. Therefore, it seems reasonable to 

attribute the slight delay in cleavage to an increase in calcium con- 

centration in the medium rather than to assume that the versene 

molecule has an effect other than chelation. 

Establishment of the Experimental Concentration of Versene 

Although the primary purpose for the tests with different 

molarities of versene was to determine the experimentally useful 

concentration, some comments are in order regarding the range of 

effects observed. The eggs were allowed to develop in normal sea 

water for 30 minutes after insemination before their exposure to the 

versene solutions. This permitted pronuclear fusion to proceed 

without interference. The eggs were then exposed to the versene 

solutions continuously until 120 minutes after insemination (90 

- 
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minutes), a period 10 minutes beyond the normal time of first 

cleavage. At 120 minutes the eggs were returned to filtered sea 

water in order to determine their ability to continue normal develop- 

ment. 

Versene concentrations of 0.035 M, 0.03 M, 0.025 M and 

0.01 M have the effect of slightly delaying the time of cleavage by 

two to six percent, but normal development follows when returned 

to filtered sea water. The slight delay in cleavage time may be 

attributed to the length of exposure to the versene (90 minutes) which 

affects the synchrony of division. Concentrations ranging from 0.04 

M to 0. 047 M show an increasing effect by delaying not only the time 

of cleavage, but also by delaying or incompletely inhibiting the 

internal mitotic process. Apparently, the continuous chelation by 

versene at this range of concentration interferes with phenomena 

related to the formation or activities of the mitotic apparatus. How- 

ever, return to normal development was observed after replacement 

in filtered sea water. Concentrations ranging from 0. 049 M to 

0.1 M completely inhibit mitotic progress and cleavage. Upon return 

to filtered sea water, an adverse osmotic effect was observed. 

Cytoplasm escaped through the plasma membrane (plasmorrhexis) 

eventually filling the perivitelline space. The percent plasmorrhexis 

increased directly as the concentration of the versene. The length 

of exposure and increased concentration of the versene probably 
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chelated sufficient interlinking divalent cations from the surface of 

the egg to destroy its structure. 

The 0.048 M concentration was selected as the experimentally 

effective concentration since it inhibited mitotic progress and 

cleavage yet permitted restitution and normal development when 

returned to sea water. 

Analysis of the Effects of Pulsed Exposures of 
Versene on the First Mitotic Period 

Table 4, Figure 4, and Figure 5 represent the effects of 

pulsed exposures of versene on the first mitotic period. Table 4 

records the times of 50% cleavage for each pulse- period, as 

analyzed from cytological observations, and gives for each period 

of versene treatment the amount of cleavage retardation (normal 

cleavage occurring 110 minutes in sea water). Figure 4 incorporates 

the data from Table 4 and represents a sensitivity pattern to the 

versene pulses with respect to retardation of the first cleavage. 

This graphic expression also shows the cytological stage of mitosis 

present at the time of versene treatment. Figure 5 represents a 

cytological analysis of the effects of the versene pulses on mitotic 

events as related to normal mitotic progress. 
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Effect of Versene Before Pronuclear Fusion 

Prior to the initiation of pronuclear fusion (4 to 15 minutes 

after insemination) sensitivity to versene was demonstrated by a ten 

minute retardation of the cleavage time. A slight decrease in 

sensitivity (5 minute retardation of cleavage) was noted when the 

pulse was applied from 10 to 25 minutes after insemination. 

Normally, during the first 20 minutes, activation and sperm 

penetration having been completed, the male pronucleus, with its 

centriole, develops a monaster. The hyaline layer is also formed 

during this period. The effect on development by the versene is a 

delay of pronuclear fusion with a subsequent delay in the formation 

of the streak stage (Figure 5). Mitotic progress continues at a 

normal pace following the streak stage. The delay in cleavage can 

therefore be attributed to a retardation of the events that precede 

pronuclear fusion. 

Since the sensitivity to versene occurs during the time at which 

the monaster normally develops, the chelating action of this agent 

may inhibit its formation and, indirectly, pronuclear fusion, since 

the pronuclear movements appear to be determined by monastral 

growth (E. L. Chambers, 1939; R. D. Allen, 1954; R. Chambers 

and E. L. Chambers, 1961). Once formed, the monaster seems to 

be unaffected by versene, hence the decrease in sensitivity to versene 

during the late monaster stage. 
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First Mitotic Sensitivity Period 

Pulsed treatments of eggs with versene from the time of 

pronuclear fusion, through the streak stage, and up to early prophase 

produced increasing increments of cleavage retardation, with maxi- 

mum effect at the 55 to 60 minute period following insemination 

(streak stage). The 5- minute span thereafter (early prophase) 

showed a marked lessening in the versene response, i. e. the 

retardation of cleavage time was sharply reduced (see Table 4 and 

Figures 4 and 5). The peak of sensitivity to versene was observed 

as a forty -five minute retardation of cleavage time in the pulse- 

period 50_ to 65 minutes after insemination. 

This first mitotic sensitivity period (about twenty to sixty -five 

minutes after insemination) begins with the formation of the fusion 

nucleus and ends in the streak stage with the nucleus in early pro- 

phase. 

Cytologically, versene in successive pulses increasingly pro- 

longs the fusion nucleus stage and also retards the formation of the 

streak. Mitotic progress, however, continues at a normal rate 

following the formation of the streak stage. Once the streak is 

formed, or as it disintegrates and early prophase becomes evident, 

the sensitivity to versene decreases as expressed by a decrease in 

the retardation of cleavage time. 

.. 
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As previously noted, Heilbrunn (1921) observed a marked 

viscosity increase preceding spindle formation, with a subsequent 

decrease and a second increase in viscosity before cell division in 

developing Arbacia eggs. 

This increase in viscosity is relatable to protein gelation, and 

can occur through the formation of intermolecular ionic bonds, pos- 

sibly calcium. (cf. Hultin's (1950) experimental observation on 

increasing the viscosity of sea urchin egg homogenates by the addition 

of calcium.) Heilbrunn's first period of viscosity rise corresponds 

rather well, in the present data, with the pattern of sensitivity to 

versene. This relationship is further supported by Clothier's (1961) 

study on the uptake of radio - active calcium in developing sea urchin 

eggs. He observed the peak of calcium uptake to occur 55 minutes 

after fertilization (streak stage) at 15° C. This is identical to the 

pulse -time at which versene reaches its maximum effect in retarding 

cleavage. 

Second Mitotic Sensitivity Period 

Pulsed treatment of eggs with versene from the time of early 

prophase through the time of first cleavage produced increasing 

increments of cleavage retardation, with maximum effect at the 105 

to 110 minute period following insemination. The ten -minute span 

thereafter (early interphase following the first mitosis) showed a 
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marked lessening in the versene response, i. e. , the retardation of 

cleavage was sharply reduced (see Table 4 and Figures 4 and 5). The 

peak of sensitivity was observed as a fifty minute retardation of 

cleavage time in the pulse-period 100 to 115 minutes after insemina- 

tion. 

This second period of sensitivity to versene (about 65 to 115 

minutes after insemination) begins with prophase and ends in the early 

interphase following the first cleavage. 

Cytologically, versene in successive pulses increasingly 

retards and prolongs metaphase with prolongation of anaphase if the 

metaphase spindle has been formed. Once cleavage has been initiated, 

and the mitotic apparatus has begun to break down (telophase), the 

sensitivity to versene decreases as expressed by a reduced retarda- 

tion of cleavage time. 

During this second mitotic sensitivity period, a separate 

experiment was carried out by exposing the developing eggs to 

single short pulses of 0.048 M disodium versenate in calcium -free 

sea water. The pulses were of eight minutes duration and were 

applied at successive ten minute intervals from 60 to 110 minutes 

after insemination. This experiment was performed to determine 

whether shorter pulse -periods would provide a finer resolution and 

modify the pattern produced by the 15 minute pulse periods. The 

results, however, were identical; both 8- and 15- minute pulses 
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yielded the same retardation curves. 

Within the time of the second sensitivity period, astral (diaster) 

development proceeds from late prophase until early telophase with 

a rapid phase of growth during anaphase (M. M. Swann, 1951; K. Dan 

and T. Nakajima, 1956; Chambers and Chambers, 1961). Con- 

currently with the rapid phase of astral growth (anaphase) an elonga- 

tion or growth of the interzonal region takes place (Swann, 1951) 

At the time of cleavage (telophase), subcortical gel formation 

accompanies the blastomeric increase in surface area (K. Dan and 

J. C. Dan, 1940; Y. Hiramoto, 1958). 

It appears that the increasing sensitivity to versene may be 

related to an inhibition or retardation in the formation of gel struc- 

tures required for the development of the definitive diasters, the 

interzonal spindle, and the post- furrowing subcortical gel. 

The involvement of calcium in these gelation processes is 

further indicated by the Calcium -45 uptake curves of Clothier, who 

was, however able to resolve two peaks, one at approximately 80 

minutes after fertilization and one at about 100 minutes, related by 

him to interzonal spindle formation and cleavage furrowing (sub - 

cortical gelation), respectively. Clothier's curves were based on 

5- minute samples which may have provided better resolution than 

could be obtained with the versene pulses spaced ten minutes apart 

and each representing 8 to 15 minutes of continuous versene action. 



33 

The release of Calcium -45 observed by Clothier at the end of 

cleavage is paralleled by the sharp drop in sensitivity to versene at 

the same time. This can be related to the massive and rapid break- 

down of the calcium- requiring gel system. 

Effect of Versene Pulses on Second Cleavage Division 

A single run, using eggs from the same female, was carried 

out on the second division. The developing eggs were exposed to 

single short pulses of 0.048 M disodium versenate in calcium -free 

sea water. The pulses were of ten minutes duration and were applied 

at successive 10- minute intervals from 120 to 180 minutes after 

insemination. 

The sensitivity pattern as measured by the retardation of the 

second cleavage was the same as that of the first mitotic period 

(see Figure 6). Since the cytological features of both mitoses are 

similar, the results of the second division experiment support the 

data obtained for the first division, and the same interpretations 

apply. 
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SUMMARY 

Developing sea urchin eggs (Strongylocentrotus purpuratus), 

reared at 15o C, were subjected to single 15- minute treatments with 

disodium versenate in calcium -free sea water, applied at 10- minute 

intervals, from 4 minutes after insemination to the second cleavage. 

These versene pulses produced specific degrees of retardation in the 

mitotic process and delayed cleavage. The effects on mitotic events 

were cytologically monitored and the times of 50% cleavage were 

observed following each exposure period to versene. 

The cleavage delays induced by versene applied at successive 

periods in development yielded a specific pattern of response 

(sensitivity). This pattern showed two sensitivity peaks, one at the 

streak stage and one at telophase. A slight cleavage delay was also 

produced by treatment during the period before pronuclear fusion. 

The action of versene resulting in delay of cleavage was 

related to its calcium chelating properties, the removal of calcium 

preventing the formation of gels associated with the achromatic 

figure. 

Versene applied before pronuclear fusion retarded the events 

that precede pronuclear fusion, probably inhibiting monaster 

development. The sensitivity period from the fusion nucleus stage 

to early prophase, with a peak at the streak stage, was related to an 
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inhibition or retardation of protein gelation preceding formation of 

the metaphase achromatic figure. The sensitivity period from early 

prophase into interphase following the first cleavage, with a peak at 

telophase, was related to an inhibition or retardation in the forma- 

tion of gel structures required for development of the definitive 

diasters, the interzonal spindle and the post- furrowing subcortical 

gel. 

A close relationship was shown to exist between the pattern of 

response to versene and the cyclic uptake and release of Calcium -45 

previously studied by Clothier (1961). 



37 

BIBLIOGRAPHY 

Allen, R. D. 1954. Fertilization and activation of sea urchin eggs 
in glass capillaries. Experimental Cell Research 6: 403 -424. 

Borei, G. G. and U. Bjdrklund. 1953. The effects of versene on 
sea urchin eggs. Experimental Cell Research 5: 216 -219. 

Chambers, E. L. 1939. The movement of the egg nucleus in rela- 
tion to the sperm aster in the echinoderm egg. Journal of 
Experimental Biology 16: 409 -424. 

Chambers, R. and E. L. Chambers. 1961. Explorations into the 
nature of the living cell. Cambridge, Harvard University 
Press. 352 p. 

Clothier, G. E. 1961. Cyclic uptake of Calcium -45 by dividing sea 
urchin eggs. Ph. D. thesis. Corvallis, Oregon, Oregon State 
University. 33 numb. leaves. 

Culkin, Frederick. 1965. The major constituents of sea water. 
In: Chemical oceanography, ed. by J. P. Riley and G. 
Skirrow. Vol. 1, New York, Academic Press. p. 121 -161. 

Dan, K. and J. C. Dan. 1940. Behavior of the cell surface during 
cleavage. III. On the formation of new surface in the eggs of 
Strongylocentrotus pulcherrimus. Biological Bulletin 78: 
486 -501. 

Dan, K. and T. Nakajima. 1956. On the morphology of the mitotic 
apparatus isolated from echinoderm eggs. Embryologia 3: 

187 -200. 

Dornfeld, E. J. and A. Owczarzak. 1958. Surface responses in 
cultured fibroblasts elicited by ethylenediaminetetraacetic 
died. Journal of Biophysical and Biochemical Cytology 4: 
243 -250. 

Guyer, Michael F. 1949. Animal micrology. Chicago, University 
of Chicago Press. 331 p. 

Harvey, E. B. 1956. The American Arbacia and other sea urchins. 
Princeton, Princeton University Press. 298 p. 

- 



38 

Heilbrunn, L. V. . 1921. Protoplasmic viscosity during mitosis. 
Journal of Experimental Zoology 34: 417 -447. 

Heilbrunn, L. V. 1956. The dynamics . of living protoplasm. New 
York, Academic Press. 327 p. 

Hiramoto, Y. 1958. A quantitative description of protoplasmic 
movement during cleavage in the sea urchin egg. Journal of 
Experimental Biology 35: 407 -424. 

Hultin, T. 1950. On the acid formation, breakdown of cytoplasmic 
inclusions, and increased viscosity of Paracentrotus egg 
homogenates after the addition of calcium. Experimental 
Cell Research 1: 272 -283. 

Kane, R. E. and R. T. Hersh. 1959. The isolation and preliminary 
characterization of a major soluble protein of the sea urchin 
egg. Experimental Cell Research 16: 59 -69. 

Mazia, Daniel. 1937. The release of calcium in Arbacia eggs on 
fertilization. Journal of Cellular and Comparative Physiology 
10: 291 -304. 

Scott, A. and R. Pollen. 1951. The effect of calcium and tempera- 
ture on furrowing in Arbacia. (Abstract) Biological Bulletin 
101: 229. 

Shapiro, H. 1941. Centrifugal elongation of cells, and some condi- 
tions governing the return to sphericity, and cleavage time. 
Journal of Cellular and Comparative Physiology 18: 61 -78. 

Swann, M. M. 1951. Protoplasmic structures and mitosis. II. 
The nature and course of birefringence changes in the sea 
urchin egg at anaphase. Journal of Experimental Biology 28: 
434 -444. 

Tyler, Albert. 1949. A simple non- injurious method for inducing 
repeated spawning of sea urchins and sand dollars. The 
Collecting Net 19: 19 -20. 

Welcher, Frank J. 1961. The analytical uses of ethylenediamine - 
tetraacetic acid. Princeton, D. Van Nostrand Company, Inc. 
366 p. 

.. 

- 


