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Abstract-We have confinned and elaborated the ultrastructur~ of the "cell stat~ splitter" (CSS), a "morpho-
genetic organ~lle" that we think may be responsible for the differentiation of ectoderm cells into neural plate
and epidermis, in the embryonic ~lls of the axolotl. Ambystoma mexicanum (a urodele amphibian). The CSS
consists of an apical microfilament (MF) ring, a lower intermediate filament~(IF) ring, and a subteliding. annu-
lar, nearly coplanar mat of apical microtubules (MT), all within I ~ of the apif,:alend of the 50-100 J.Un tall
cells. Th~ IF ring is attached to the membrane via desmosomes, and the MF ring and apical MTs, may be so
attached. The CSS is constructed inectodenn celts between early and mid-gastrula, coincident with: '(I ) high
concentrati()ns C)fribosomes that are membrane associated and apically localized, (2) an increase in global ten-
sion of the embryo, and (3) a furrowing wave of surface contraction 'that passes over the presumptive neural
plate during gastrulation ("ectoderm/Contraction wave"). We have quantified the spatial distribution~d con-
cen.trations of the contributigg cytpskeletal elements in these cells at early gastruta and early neural plate stages.
We further show evidence (1) suggesting that desmosomes may act as microtubule organizing centers (MTOCs)
and (2) the mechanical support of microtubules by intermediate filaments.
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INTRODUCTION

It has been suggested by computer simulation and
direct observations (Jacobson and Gordon. 1976; Gor-
don and Jacobsop, 1978) that formation of the neural
plate into a neural tube occurs as a function of apical
contraction and elongation (perpendicular to the neural
plate) of neural plate cells and the elongation of either
the notochord or the QverJying neural plate cells (called
"notoplate"-Gordon, 1985) in the anterior-posterior
direction (however, cf. Schoenwolf. 1992). Burnside
(1971, 197~). in the California newt Taricha torosa,
and Schroeder (1973). in the Africandawed frog X~no-
pus laevis, attributed neural plate cell constriction and
elongation to the contraction of an apical microfilament
ring and to paraxial. microtubule (MT) elongation,
respectively. Further. it was observed'(Burnside. 1971.
1973} and is apparent in. the micrographs (Schroeder.
1973) that there is additionally an apical mat of micro-
tubules that is coplanar with the microfilament ring.
Burnside (1973) suggested that these "apical microtu-
buIes." as we caU them. stabilize the apical end of the
cell. A similar microtuQule/microfilament structure was
noted (Burnside, 1971 fin ventraJ ectodenn cells during
gastrulation. However, Burnside stated that the

microfilament ring in these cells }Vasreplaced by larger
tonofilaments after gastrulation. Gordon and Brodland
(1987). have proposed that the mechartica11yopposing
forces of microfilament ring contraction and apical
microtubule growth viapolymerization establish a state
of cellular mechanical instability during gasmllation.
They further suggested that this ultrastructural combi-
nation betenned the "cell state splitt~r" (CSS), and that
it is responsible for differentiation of the ectoderm into
neural plate (= "neuroepithelium" or "neural epithe-
lium") and epidennis. The embryological concept of
competence (Nieuwkoop et ai., 1985) is explained by
assuming that the opposing forces are initially in a
mechanically metastable balance. If this theory is cor-
rect, then the CSS may be regarded as a "morphoge-
netic organelle" with a standing similar to the spindle
apparatus. One consequence of thi~ model was the pre-
diction of a wave of contraction of the microfilament. '.,

rings (Gordon and Brodland, 1987), which has been
confirmed (Brodland et al.. 1993; Gordon, 1993;
Bjorklund and Gordon, 1993), where we called it the
"gastrula wave" or "G-wave," and similar waves at
ot4er stages of differentiation have been observed
(Gordon et ai., 1994). The latter necessitated a clearer
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Fig. L (a) Dissection,plane ofstage 10.5 stage (early gastrula) axolotl embryo (diameter 2 mm). Axial view showing dorsal lip of
the blastopore. Boxes on top and bottom show how the peaks of the separated hemispheres provided swe locations of presumptive
neural epithelium (dorsal) and presumptive epidermis (ventral). (b) Dissection plane of stage 11 (midgastrula) embryo. Axial view
showing near complete blastopore closme. (c) Dissection plane of stage 15 (nema! plate) embryo; side view. Bottom box Shows
location of ventral epidermis sections taken. (d) Top view' of neural plate. Boxes show mid-later81 area ofneura1 plate sbldied.

nomenclature, so that we now call the G-wave the
"ectoderm contraction wave."

The purpose of this investigation was to first con-
firm the existence of the cell state splitter ultrastructure
(apical mat of microtubules coplanar to microfilament
ring) in neural plate and epidermis of neurula stage
axolotl embryos (Ambystoma mexicanum). Second, we
wished to compare the specific time of construction of
the CSS with the timing of gastrulation, primary neural
induction, and neumlation. In the CQurse of this work.
we found that the ess also contains 'an intermediate fil-
ament (IF) ring.

MATERIALS AND METHODS

Embryos of the neotenic salamander, the axolotl
Ambystoma mexicahWn. were maintained at 20°C in
25% modified Holtfreter's solution (Armstrong et al,
1989). Embryos were staged according to Bordz-
ilovskaya et ai. (1989). The vitelline membrane was
mechanically removed with microforceps and a single
edge razor blade. Embryos were prepared for electron
microscopy by fixation at room temperature for 2 hours
in a solution of 3% glutaraldehyde in 0.025 M KP04
buffer (pH 7.4). After '15 minutes of immersion in fixa-
tive. they were placed on their side on a 1.5% agar plate
and cut in half into either presumptive neural plate and
presumptive epidermis or neural plate and epidermis
with a single edged razor blade. At all stages used in
this study (l0.5: early gastrula; 11: mid-gastrula; 15:
mid-neural plate). either the blastopore was asymmet-

ric (not yet a full circle). or the neural plate was appar-
ent, so that the dorsal/ventral plane could be identified
(Figs. la-Ie). The halves were then transferred to fresh
fixative for the remainder of the fixation time (1 h
45 min.). After fixation, the blocks were washed briefly
with a buffered (pH 7.4) 6% sucrose solution. TIssues
were postfixed for 2 hqurs at 4°e with 2% osmium
tetroxide in the same buffer. TIssue blocks were washed
in buffered sucrose solution and stained in bloc in 0.5%
aqueous uranyl acetate overnight TIssues were
washed, dehydrated in gradations ofEtOH and embed~
ded in Araldite 502-TAAB 812 (Marivac Ltd., Halifax).

Blocks were trimmed for.sectioning to analy~ cells
of the presumptive neuralj)late, presumptive epidermis,
mid-lateral neural plate (Fig. Id). and ventral epider-
mis. A vertical slice was made through the embedded
hemispheres and viewed under a dissecting microscope
in order to obtain the desired orientation of the cutting
block face.

Thin sections of approximately::700 A were cut on a
Reichert Om U2 or Reichert-Jung Ultra-Cut microtome
with a diamond knife. Sections were mounted on a
piloformfilm (Marivac Ltd., Halifax) coated slot grid
Cutting blocks were sectioned until tissue was apparent
in the sections. The first seCtionswith tissue of tangen-
tially sectioned embryos were presumed to represent
the apical ends of the cells. Sections were stained for
30 minutes with saturated uranyl acetate in 50% meth-
anol and 10 minutes in lead citrate (Reynolds. 1963).
Sections were examined at 100 kV with an Hitachi
H-7000 electron microscope. Overlapping images were
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