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Cells Isolated from the Embryonic Neural Retina 

Differ in Behavior in vitro and Membrane Structure 

Abstract. Several subpopulations of cells were isolated from trypsin-dissociated 
embryonic (14 days) chick retinas. The cells of each subpopulation differed in asso- 
ciative behavior measured by cell aggregation and stationary culture assays and in 
glycoproteins that contain glucosamine. Freeze-fracture analysis showed that these 
populations also differed in intramembrane particle content. 

During embryogenesis, the neural reti- Embryonic (14 days) chick retinas, 
na develops from a simple epithelium in- which contained all of the cell layers, 
to a multilayered structure in which each were dissociated with 1 percent trypsin 
cell layer is discrete and restricted to in calcium- and magnesium-free Ty- 
specific functions. The formation of the rode's solution (4). The single cells were 
layers could be considered a result of as- then resuspended in Eagles minimal es- 
sociative differences between the dif- sential medium containing 10 percent fet- 
ferent cell types of the retina. Several al calf serum (5). The suspension was di- 
studies have shown that soluble factors vided among three solutions of Percoll 
promote the tissue-specific adhesion of (6) in medium and then adjusted to final 
retina cells to each other (1). However, densities of 1.019, 1.034, and 1.060 g/ml. 
none of these materials discriminates be- These suspensions were incorporated in- 
tween cells in the tissue. Rutishauser et to a step gradient with a toplayer of me- 
al. (2) demonstrated the presence of a dium and a cushion of 1.090 g/ml. The 
material on cells of retina and other neu- total volume of the gradient was 190 ml, 
ral tissues that appears to affect fascicu- and it contained up to 109 cells. The gra- 
lation of axonal outgrowths. Although dient was placed in a HS-4 rotor and cen- 
this is clearly relevant to an aspect of ret- trifuged at 770g for 1 hour in a Sorvall 
ina organization, it is not clear if it is re- RC-2B centrifuge equipped with a slow 
lated to the formation of the cellular lay- acceleration modification. Cells were 
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ers, which are detectable before the for- 
mation of the plexiform layers. In order 
to examine differences among the cells 
directly, we have been attempting to de- 
velop techniques to isolate specific cell 
types from the neural retina of the em- 
bryonic chick. Of the procedures we 
considered (3), we found that a buoy- 
ancy equilibrium method allowed us to 
isolate four cell populations that differ in 
associative behavior and membrane 
structure. 
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collected from the interfaces, and the 
populations were labeled 1, 2, 3, and 4 in 
order of increasing buoyant density. The 
cells in each fraction were counted and 
classified by size. The four fractions con- 
tained 35 percent of the original cells; the 
rest were between the interfaces. Phase- 
contrast micrographs of the populations 
are given in Fig. 1, a to d, and the rela- 
tive proportions of the cells are summa- 
rized in Table 1. 

The cells in fraction 1 are large-78 
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Table 1. Distribution by cell diameter of start- 
ing suspension of dissociated embryonic 
chick retinas and relative proportions in four 
cell populations after fractionation. 

Suspen- Percent of cells 
sion > 10 mm 5 to 10 m < 5 am 

Whole 5 29 66 
Fraction 1 78 22 0 
Fraction 2 19 54 27 
Fraction 3 0 36 64 
Fraction 4 0 12 88 

percent have diameters greater than 10 
,um. They are spherical with large, pale 
nuclei containing one or two nucleoli and 
are similar in general appearance to gan- 
glion cells in the intact retina. Fractions 
2 and 3 contain mixed populations in 
which cells of an intermediate size are 
found. In fraction 4, 88 percent of the 
cells have diameters less than 4 Aum. The 
small cells resemble the cells of the outer 
portion of the inner nuclear layer of the 
retina, and the intermediate cells are 
similar to those of the inner portion of 
the same layer. We have not yet deter- 
mined the precise origin of the different 
cells in the populations. 

The populations differ in associative 
behavior. When the cells of each popu- 
lation were allowed to reassociate in a 
rotation-mediated aggregation system 
(7), the aggregates formed after 24 hours 
were different in size and shape. Figure 
1, e to h, presents low-magnification 
dark-field micrographs of aggregates of 

Fraction 1 Fraction 2 

the different fractions. Cells of fractions 
1 and 4 produced small aggregates; those 
of fractions 2 and 3 were larger. Cultures 
of fraction 1 contained small spherical 
aggregates and unaggregated single cells. 
Fraction 3 aggregates had a roughly 
ovoid shape. Fractions 2 and 4 formed 
lobular aggregates. 

The cell populations behaved differ- 
ently in stationary culture as well. After 
3 days in stationary culture, the cells 
developed a common configuration in 
which a layer of flat, mitotic cells was 
found closely apposed to the substrate, 
with neural cells adhering only to the flat 
cells. Although this general pattern was 
observed in all cultures of the different 
cell populations, variation was consid- 
erable depending on the proportions of 
cells in each fraction. Fractions 2 and 3 
had a large proportion of flat cells, and 
these cells rapidly became confluent on 
the surface. The other cells formed small 
colonies on the flat cells (Fig. 1, j and k). 
Fractions 1 and 4 had very low propor- 
tions of flat cells, and most of the surface 
of the dish was bare. The neural-like 
cells attached only to the flat cells and 
formed characteristic structures on this 
cellular substrate. The cells of fraction 1 
formed clusters of fewer than 50 cells 
that in turn sent out fascicles of fibers 
that contacted other clusters (Fig. li) and 
appeared to be similar to cultures of neu- 
ral tissue (8). The cells of fraction 4 
formed dense, spherical aggregates con- 
taining about 400 cells attached to the 
flat cells. 

Fraction 3 Fraction 4 

Fig. 1. (a to d) Phase-contrast micrographs of cells of four fractions. Scale bar, 20 gtm. (e to h) 
Dark-field micrographs of cell aggregates from the four fractions. Cells (15 x 106) in 3 ml of 
medium were placed in a 25-ml Erlenmeyer flask on a gyratory shaker at 70 rev/min (3/4 inch 
center of rotation) for 24 hours. Scale bar, 0.1 mm. (i to 1) Phase-contrast micrographs of sta- 
tionary cultures of cells from the four fractions. Cells were seeded on plastic tissue culture 
dishes at a concentration of 2 x 105 cells per square centimeter. The cultures were fed every 
day, and these micrographs were taken on day 3. 
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Fig. 2. Histogram of the intramembrane par- 
ticle (IMP) distribution counted on the P-face 
of cells in the four populations. 

The third characteristic we examined 
was the distribution of intramembrane 
particles (IMP) after freeze-fracture rep- 
lication. [In another study (9), we found 
that different layers within the intact, de- 
veloping retina have characteristic num- 
bers of IMP.] Cells were fixed for 1 hour 
with 2.5 percent glutaraldehyde in 0.08M 
phosphate buffer, pH 7.4 (10), rinsed 
with buffer, and transferred to 25 percent 
glycerol 1/2 hour before use. Freeze-frac- 
ture replicas were prepared in a Denton 
DFE-3 unit with the use of apposed spec- 
imen holders (11). Particles were 
counted on the P-face of cells, and the 
micrographs were identified under code. 
The results are summarized in Fig. 2. Al- 
though there is some overlap between 
the fractions, the cells of fraction 1 have 
fewer IMP's per square micrometer of 
cell surface than do cells in fraction 4, 
and fractions 2 and 3 are intermediate 
between these extremes. The IMP den- 
sity of fraction 1 cells is of the same mag- 
nitude as that of ganglion cells in the in- 
tact retina (10), an indication that the 
cells of fraction 1 are ganglion cells. 

Cells of the four fractions (5 x 106 
cells per milliliter; 3 ml) were grown in 
the presence of 25 /Ci of tritiated glu- 
cosamine. Cells were lysed and the cell 
extract was subjected to sodium dodecyl 
sulfate gel electrophoresis (12). The gels 
were analyzed by autoradiography (13). 
Nineteen bands were common to all frac- 
tions, and five glycopolypeptides-260, 
92, 87, 57, and 54 kd, respectively-were 
distributed unevenly between the frac- 
tions. The 260- and 92-kd materials were 
found primarily in fraction 1, with a 
small amount in fraction 2 (Table 1). We 
assume that these materials in fraction 2 
arise from the almost 20 percent of the 
cells in this fraction that are of the gangli- 
on cell type. The 87- and 57-kd materials 
were found in fraction 2, 3, and 4; the 54- 
kd material was primarily in fraction 4. 

The IMP analysis demonstrated a gra- 
dient of increasing IMP density with in- 
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creasing cell buoyant density. This ap- 
parent gradient was not matched by the 
associative behavior of the cells as mon- 
itored by the size of the aggregates. The 
largest aggregates formed from cells of 
fraction 3; the aggregates of fraction 1 
and 4 were considerably smaller. It ap- 
pears then that IMP density is a charac- 
teristic that is not directly related to the 
size of aggregates of the cells. The size of 
the 24-hour aggregates, however, does 
appear to correlate with the number of 
flat cells that grow out in stationary cul- 
tures. Since the flat cells are able to ad- 
here not only to artificial substrates but 
also to dissimilar cell types, they could 
form a bridge between cells in the aggre- 
gate. This would allow a large aggregate 
to form by alternately adding flat cells 
and other cells. 

The appearance of the stationary cul- 
tures of fractions 2 and 3 suggests that 
the smaller cells adhere more readily to 
the flat cells than to each other. The cells 
of fraction 4, however, tended to adhere 
more closely to each other than to the 
flat cells, but not at all to the substrate. 
This led, in stationary cultures, to the 
formation of compact clusters on top of 
flat cells and a significant population of 
unattached aggregates. 

The associative interactions between 
the cells in the different fractions are ex- 
tremely complex, but it is now possible 
to use our separation procedure to iso- 
late and analyze components of the mix- 
ture. This analysis is currently under 
way. 

JOEL B. SHEFFIELD 

DEBORAH PRESSMAN 

MARK LYNCH 

Department of Biology, 
Temple University, 
Philadelphia, Pennsylvania 19122 
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c cnidarians of predators and the ability to escape if con- 
been likened to tacted (2). The diets of siphonophores 
that bump into must also depend on predator behaviors 
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with millions of tured by various siphonophores differ ac- 
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ts of these non- gastrozooid size of the siphonophore 
in part on prey species. In addition, two of the siphono- 
oidance of the phore species examined may attract 

large prey by the movements of tentacu- 
lar structures that resemble small zoo- 

Weak swimmers plankton, an indication of aggressive 
30) N=2 mimicry among zooplankton. 

While scuba diving at depths of 0 to 25 
k * m, I collected siphonophores in jars and 

Rosace immediately killed them in situ with for- 
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chuni, 3 S. monoica, 15 Forskalia ed- 
wardsii, and F. tholoides from both the 

?A ?/Z Sargasso Sea (4) and the Gulf of Califor- 
Agama nia; 11 Cordagalma cordiformis and 2 S. 

biloba from the Sargasso Sea; and 13 
Sphaeronectes gracilis, 7 Diphyes dis- 

Rhizophysa par, 5 S. quadrivalvis, and 2 S. chuni 
(1512) N=312 F/ from the California current (5). Since 

species of Sulculeolaria and of Forskalia 
2 .-, consumed similar prey, data are present- 

1 2 3 4 >4 ed by genus. All gastrozooids ("stom- 
~(mm) 

achs") were dissected or mounted whole 
sizes (measure of on microscope slides with cover slips for 
llylength)ofnat- prey identification and measurement at 

)ngly and weakly 
iastrozooid length magnifications of x25 to x 100. 
d under each hori- Differences in the diets of several si- 
are indicated by phonophore species corresponded to dif- 
ey by diagonally ferences in their swimming patterns. lstrozooids exam- strozooids exam- 

Some species swim rapidly (strong Percentages are 
measurable prey swimmers), often in an arc or in spirals 

(1, 6). These siphonophores drift be- 
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