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Figure 1. (A) Schematic representation of the device used to collect the clear that furrows appeared on the animal hemisphere at the bottom of 
data (ap = animal pole of the egg). (B) Uninterrupted recording (i.e., no the calcium oscillation (data not shown). The small arrowheads on both 
video images taken) of aequorin-generated light emission from an albino (B) and (C) indicate when furrows would be expected to appear on the 

egg bathed in AP W containing calcium. In cases where photon collection animal hemispheres o$the two embryos generating these traces. (C) Vn- 
was interrupted and video images were taken in order to establish a interrupted recording of an albino egg bathed in calcium-free APW. As- 
temporal correlation between calcium oscillations and cleavage, it was terisks mark the unexplained vegetal hemisphere calcium transients. 

n = 5) illustrates, additional calcium spikes, superimposed on 
the overall oscillations, were consistently detected while eggs 
were developing in calcium-free medium (APW minus CaCIZ 
+ 1 mMEGTA). Recording from the animal hemisphere alone, 
Keating et al. (2) did not detect such transients from albinos 
developing in calcium-free medium. Kubota et al. (1) did not 
report any data from the vegetal hemisphere under these par- 
ticular (i.e., calcium-free) conditions. We suggest, therefore, that 
such superimposed spikes seen through the first few cell cycles 
represent early calcium-related developmental events specific to 
the vegetal hemisphere. The spatial nature and developmental 
significance of these calcium transients are currently under in- 
vestigation. 
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Mitosis, Cleavage, and Development of Highly Compressed Sea Urchin (LyfecIGnus variegufus) Zygotes 
Fabrice Roegiers, Phong Tran, and Shinya Inout? (Marine Biological Laboratory) 

The position of the mitotic spindle determines the cleavage 
plane of the cell undergoing mitosis. This in turn defines whether 
the cell will cleave equally or unequally. In the sea urchin, spindle 
position and orientation are important for formation of the mi- 
cromeres, which occurs when the vegetal nucleus or spindle mi- 
grates to the vegetal cortex of the lower blastomeres at the eight- 
cell stage. Earlier studies have shown that flattening of the 
embryos at the two- and four-cell stages perturbs micromere 
formation in most embryos ( 1, 2). It is thought that the spindle 
is unable to move freely in flattened blastomeres and thus cannot 
reach its target site at the vegetal cortex. In the few cases where 
micromeres did form, this target zone appeared to lie in a plane 

perpendicular to the compression. In our study, we observed 
embryos compressed in an agarose sandwich with polarized light 
microscopy to visualize both spindle formation and orientation, 
and cytokinesis. By coupling this methodology to time-lapse 
video microscopy we were able to observe cleavage over long 
periods. 

Eggs of Lytechinus variegatus were fertilized in 1 mh4 ami- 
notriazole to prevent hardening of the fertilization envelope and 
were allowed to reach the two-cell stage. The fertilization en- 
velope was then removed by filtration through a 74-pm Nytex 
filter and the embryos were placed in 70%/30% Ca*+-free ASW/ 
ASW (artificial seawater). The embryos were then mechanically 



CELL DIVISION, CELL MOTILITY, AND DEVELOPMENT 241 

light microscope (4) or a novel pol-scope (5). Development was 
followed by time-lapse video. With the new pol-scope we were 
able to visualize spindles in any orientation in the plane of focus. 
This allowed us to predict the cleavage pattern of the embryos 
more precisely (Fig. 1). 

In embryos that were compressed between two sheets of aga- 
rose, we observed that highly flattened embryos continued to 
cleave as a monolayer. Overnight these embryos reached several 
thousand cells and after 15 h of development, the cells had spread 
out over several fields of view. In one such embryo, we did ob- 
serve the formation of micromeres at the 16- and 32-cell stages. 
These embryos showed no evidence of differentiated structures 
(ciliated cells, spicules, etc.). 

Embryos compressed between coverslip and agarose sheet did 
not remain highly compressed. These embryos began forming 
a second layer of cells at the 5th cleavage (32 cell stage). In these 
embryos, epithelial differentiation, ciliogenesis, and perhaps even 
primordial spicule formation were observed. 

These results show that highly compressed embryos can con- 
tinue to divide despite a forced repositioning of the spindle. We 
have reason to believe that the commonly observed inability of 
eggs to proceed beyond one or two divisions when sandwiched 
between slide and coverslip is due to depletion of the oxygen 
supply; it is clearly not due to deformation from compression. 
In this connection, Ziegler has managed to grow compressed 
eggs to cleave up to the 64-cell stage by perfusing the slide con- 
stantly with fresh seawater (2). 

We plan to use this technique, in combination with 4-D po- 
larized light microscopy, to observe the behavior of spindles in 
compressed blastomeres in order to study the precise behavior 
of the spindle preceding a critical unequal cleavage and to explore 
the localized distribution of the vegetal pole determinant. 

We would like to thank Ted InouC for his assistance and ad- 
vice, and R. Oldenbourg for the use of the new pol-scope. We 
would also like to thank Universal Imaging Corp. for a Physi- 
ology post-course fellowship to F.R. This work was supported 
by grants R37GM3 16 17- 13 from NIH and MCB-8908 169 from 
NSF to S.I. 

Figure 1. Sequential computed Images of a compressed Lytechinus 
variegatus zygote at 8-, 16, and 32-cell stages. All spindles m srde vrew, 
regardless of orientation, show up as white areas of htgh brrefringence. 
The metaphase plate coincides wrth the plane ofcytokmesu. These rmages 

were generated using Oldenbourg’s new pal-scope (5) Four images were 
taken at dtj’erent compensator angles;from these a computed Image with 
a pixel brightness proportronal to the sample birefrmgence regardless of 
specimen orientation was rapidly and automatically calculated 
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