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A method for the isolation and culture of embryonic
cardiomyocytes from Mexican axolotl

Previous experiments using cultures of Mexican axolotl cells
have been reported for skeletal myoblasts (Duprat et al., 1975),
mesenchymal blastema cells (Boilly and Albert, 1988), and for
various tissues including heart (Frost et al., 1989). We have
developed the following procedure for culturing cells from stage
38-41 embryonic hearts.

To enhance sterility, pre-hatchingembryoswere washed while
still in their jelly coats, twice in filter-sterilized modified Steinberg's
solution (Zackson and Steinberg, 1986), once in 95% ethanol,
and then twice in filtered Steinberg's solution. The embryos were
then dejellied and washed four more times in filtered Steinberg's
solution. Post-hatching embryos were only washed four times in
filtered Steinberg's solution.

Embryos were dissected in modified Steinberg's solution in a
60 mm Petri dish previously lined with three layers of parafilm and
sterilizedby ultraviolet light for 30 minutes. Hearts were removed
with dry-heat sterilizedwatchmaker's forceps under a dissecting
microscope and placed into calcium- and magnesium-free
Steinberg's solution (CMF-Steinberg's= 59 mM NaCI, 0.67 mM
KCI, 0.40 mM EDTA, 9.99 mM HEPES, pH to 7.4, with 1%
antibiotic/antimycotic;GibeD stock composed of penicillin G so-
dium 10,000 unitslml, 10 ~glml streptomycin sulfate, 25 ~glml
amphotericin B). The CMF-Steinberg's solution was contained in
a 1.5 ml microfuge tube. When all of the hearts were collected,
they were centrifuged at 91 g for 60 sec. The supernatant was
replaced with a CMF-Steinberg's solution containing 774 unitslml

collagenase (Sigma type II: C. hlstolyticum) and 1760 unitslml
hyaluronidase (Sigma type I-S from bovine testis) for 20 min at
room temperature on an orbital shaker. The heart tissue was
centrifuged at 91 g for 60 see, after which the supernatant was

ROBERT W. ZAJDEL, YONGZE ZHU.
MARGARET E. FRANSEN and LARRY F. LEMANSKI*

Department of Anatomy and Cell Biology,
SUNY Health Science Center, Syracuse, New York, USA

replaced by CMF-Steinberg's containing 0.0625% trypsin (Sigma,
porcine pancreas, T-4424). Heart tissue was incubated for 20
minutes on the orbital shaker on slowspeed at roomtemperature.

After trypsin digestion, the dissociated heart cells were centri-
fuged as above and the supernatant replaced by 50% L-15
Medium (Gibco) containing 10% fetal bovine serum (Gibco). This
step was repeated with new medium, and then the clumps of cells
were reduced by gentle trituration with a fire-polished glass
pipette. The composition of the growth medium was 50% L-15
medium containing 10% fetal bovine serum and 1% antibiotic/
antimycotic (Gibco). The cells were plated onto Lab-Tek 8-well
chambered coverglasses (Nunc, Naperville, Illinois) with 200 ~I of
cell suspension at a final concentration of 1 x1 04 cells/ml. Before
use, the chambered coverglasses were coated with the substrates
laminin and fibronectin. Laminin (Gibco) at 18 ~glml was added to
the wells overnight at 4°C or for one hour at room temperature;
fibronectin (Sigma, S1. Louis) was added at a concentration of 32
I-!g/ml for one hour at room temperature. Substrates were re-
moved and the wells rinsed with sterile water before placing the
chambered coverglasses under ultraviolet light for 15 minutes.
The optically clear vessel allowed us to monitor cell growth and
analyze antibody distributions by confocal microscopy.

After 18-36 h, synchronous contractions appeared in the myocytes.
By three days in culture, myocytes of hearts dissected at stage 41 had

reformed striated myofibrils and formed projections. Muscle specific
antibcdies for tropomyosin (CH1, Un et al., 1985) and myosin (MF20,
Bader at al., 1982) were used to determine the presence of myofibrils in
the cultured cells and to confirm the identity of the muscle cells. The
staining procedure was the same as for whole hearts (laFrance and
Lemanski, 1994) but with shortened times.
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In conclusion, we have been able to use the described tech-
niques to obtain isolated cardiomyocytes that retained their func.
tional characteristics in short-term primary cultures.

Acknowledgments
The CH1 (developed by J.J-C. Un) and MF 20 (developed by D. Bader)

antibodies were obtained from the Developmental Studies Hybridoma
Bank maintained by the Department of Pharmacology and Molecular
Sciences, Johns Hopkins Un/v. School of Medicine, Baltimore MO, and the

Department of Biology, University of Iowa, fowa City, IA under contract NO-

1-HD-6-2915 from the NICHD. This study was supported by NIH grants HL-
32184, HL 37702, and in part, by an AHA grant.

References

BADER, D., MASAKI ,T. and FISCHMAN, DA (1982). Immunochemical analysis of
myosin heavy chain during myogenesis in vivo and in vitro. J. Cel/Biol. 95:763-770.

BOILLY, B. and ALBERT, P. (1988). Control of blastema cell proliferation during
axololilimb regeneration: in vitro cell culture study. Monogr. Dev. Bioi. 21: 1-8.

DUPRAT, A.M., ROMANOVSKY, A., HURYCHOVA, D. and MACHA, J. (1975).
Immunofluorescence studies on amphibian myoblast differentiation. J. Embryol.
Exp. Morphol. 34: 113-123.

FROST, S. K., NEFF, A. and MALACINSKI, G.M. (1989). Primary and long-term
culture of axolotl cells. In Developmental Biology of the Axolotl (Eds. J.B.
Armstrong and G.M. Malacinski). Oxford University Press, New York, pp. 244-
254.

LaFRANCE, S. and LEMANSKI, L.F. (1994). Immunofluorescent confocal analysis
of tropomyosin in developing hearts of normal and cardiac mutant axolotls,
Ambystoma mexicanum. Int. J. Dev. Bioi. 38: 695-700.

UN, J.J-C.. CHOU, C.S. and UN, J.L-C. (1985). Monoclonal antibodies against
chicken tropomyosin isoforms: production, characterization. and application.
Hybridoma 4: 223-242.

ZACKSON, S. and STEINBERG, M. (1986). Cranial neural crest cells exhibit
directed migration on the pronephric duct pathway: further evidence for an in
vivo adhesion gradient. Dev. Bioi. 117: 342-353.


