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How to observe surface contraction waves
on axolotl embryos

Contraction waves have been observed on the surface of the
axolotl (Ambystoma mexicanum) embryo (Bjérklund and Gordon,
1993, 1994; Brodland etal., 1994; Gordon et al., 1994), and waves
of comparable speed have been observed in Drosophila eye
imaginal disc (Suzuki, 1974; Ready et al., 1976), Paramecium
(Iftode et al., 1989), and sunflower (Hernandez and Green, 1993).

In the axolotl, the ectoderm contraction wave leaves the neural
plate in its wake. It starts about 45 degrees above the dorsal lip of
the blastopore and consists of a single furrow, about 0.1 mm wide
and deep on the 2 mm spherical embryo, traveling about 3 um/min.
Atthe dorsal lip it breaks into an arc. The ends travel faster than the
middle, so the arc straightens out, switches from convex to con-
cave, closes on itself, and "self-annihilates" (typical of waves in
active media: Luchka and Gordon, 1996). The whole process lasts
precisely the duration of gastrulation and is followed by the appear-
ance of the neural plate.

The keys to observing a contraction wave are: 1) use of embryos
of intermediate pigmentation (as in axolotl), so that a contraction of
the surface produces a change in contrast; 2) atime lapse speedup
of 10,000 to 20,000 times; 3) an awareness that, when observing
a wave in time lapse, it typically vanishes from sight when the
moving image is paused. Waves on a spherical surface have an
annoying habit of going past the viewing equator, and the center of
gravity of the embryo shifts as invagination proceeds, rotating the
whole region under observation. It is sometimes necessary to
piece together the full wave trajectory from multiple views and
embryos.

Forviewing ultraslow waves (Jaffe, 1995), embryos are dejellied
and staged. They are mounted in a Petri dish with part of the bottom
replaced with a large microscope slide coverslip. Embryos are
spaced from one another with autoclaved 1 mm glass beads to
allow access to O2 and loose constraint. A peristaltic pump

RICHARD GORDON'™ and NATALIE K. BJORKLUND?

1Departments of Radiology and 2Human Genetics
University of Manitoba, Health Sciences Centre, Winnipeg, Canada

provides fresh 25% Holtfreter's (Frost et al., 1989) at 300 ml/h,
sweeping away dust, mold spores, and bacteria, and prevents both
adherence of the vitelline membrane to the dish and changes in
media concentration due to evaporation. Medium depth is kept at
5 mm by an open overflow tube. Water immersion objectives give
higher magnification from the top.

Embryos are videotaped (with two standard VHS VCRs and
high quality 8 h tapes) dorsally and ventrally, simultaneously using
two black/white video cameras mounted on two stereomicroscopes
(Hara, 1970). Lighting is via heat filtered fiber optic illuminators and
temperature is monitored by a miniature thermistor placed nearthe
embryos. (Wide temperature variation and hot spots are created by
standard microscope lighting.) We keep the entire apparatus in a
thermostatically air conditioned room at 20°C so that the embryo
develops normally and the observer is comfortable over the ex-
tended period of observation. After videotaping embryos are kept
and monitored for normal development.

Digitization can be done with any good digitization software. We
recommend the free NIH Image program by Wayne Rasband
available by anonymous FTP at zippy.nimh.nih.gov for Macintosh
and PC computers. First round digitization rates should be at 1
frame per 15 min giving a 9000x speedup when shown at 15
frames/sec. The capability to digitize and play back at full video
frame rates is available in modern desktop computers.

Differentiation waves subdivide the embryo into tissues, and
thustheirtrajectoriestendto be ever smaller. The smallestcontrac-
tion wave we have observed correlates with differentiation of the
eye anlagen. Thus itis necessary to adjust the digitization interval
to the wave being studied. Video tape, with its 15 frames/sec,
allows one to do this after the fact. One 8 h tape stores 432,000
images to select from. Digitizing the whole tape would require
about 100 GB.
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