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Ann Campbell Burke examines the development and evolution [5] of vertebrates, in particular,
turtles [6]. Her Harvard University [7] experiments, described in "Development of the Turtle
Carapace [4]: Implications for the Evolution of a Novel Bauplan," were published in 1989.
Burke used molecular techniques to investigate the developmental mechanisms responsible
for the formation of the turtle shell. Burke's work with turtle embryos has provided empirical
evidence for the hypothesis that the evolutionary origins of turtle morphology [8] depend on
changes in the embryonic and developmental mechanisms underpinning shell production.
The main structures characterizing the turtle shell are the carapace [9], the upper shell, and the
plastron [10], the lower shell. The two shells are held together by several bony bridges. The
carapace [9] and plastron [10] are unique composite structures made up of the ribs and
vertebrae, in the inside, and a specialized dermis, organized within a mosaic of bones, on the
outside.
Burke investigated the developmental mechanisms that cause the migration of the ribs into
the upper shell. She demonstrated that rib migration occurs as the result of an epithelialmesenchymal interaction [11], a common kind of tissue-tissue interaction characterizing the
embryonic development of many structures in vertebrates, such as limbs and feathers.
Burke also identified the locus of the inductive interaction in the carapacial ridge [12] (CR). The
CR is a bulge that forms on both sides of a turtle embryo and represents the first departure of
turtle morphology [8] from the configuration of other vertebrate embryos. The CR is formed by
two main layers of cells. The first layer is the mesenchyme [13], composed of loosely packed,
unspecialized cells derived from the mesoderm [14]. Connective tissue, bone, and cartilage
develop from these cells. The second layer of the CR is the epithelium [15], made up of sheets
and tubes of connected cells. The CR is formed at the site of this novel epithelialmesenchymal interaction [11].
Studies on epithelial-mesenchymal interactions in other vertebrates provided informed Burke
about specific glycoproteins that participate in the formation of embryonic structures in those
vertebrates. With that information, Burke made her experiment comparative in character: if
she could find the same glycoproteins in turtle embryos that are in the epithelial-mesenchymal
interactions of chick [16] embryo development, Burke would have preliminary evidence of
epithelial-mesenchymal interactions in turtle embryos.
The glycoproteins that Burke specifically sought to find were fibronectin [17] and N-CAM [18]
(Neural Cell Adhesion Molecule). Fibronectin binds to specific receptor proteins and is
important in cell migrations during embryonic development. N-CAM [18] plays a role in cell-tocell adhesion during neural development [19] of the embryo. In order to detect these two
molecules, Burke employed autoradiographic and immunofluorescence [20] techniques at

different stages of turtle embryonic development.
Burke focused her attention on the development of the carapace [9] in embryos of the common
snapping turtle, Chelydra serpentina. According to normal turtle embryonic development, the
key events in the development of the carapace [9] begin during stage 14. By the end of stage
15, the embryo is fully recognizable as a turtle. The CR at stage 15 has a thickened ectoderm
[21] and presents a mesenchymal condensation composed of whorls of cells. In successive
stages the CR expands both laterally and ventrally, and becomes the margin of a fully shaped
carapace [9].
Burke used autoradiographic sections to show the patterns of cell proliferation in stages 14
and 15. Both of these stages showed high concentrations of cells in the mesenchymal
aggregation in the CR under the ectoderm [21]. The ectoderm [21] itself, however, did not have
high concentrations of cells. Burke interpreted those differences to mean that the mesodermal
portion of the ridge was proliferating, whereas the ectoderm [21] remained relatively static. A
decrease in the mitotic activity, and hence in the degree of cell proliferation in the ectoderm [21]
, resulted in a higher level of mitotic activity in the mesenchyme [13]. The low concentration of
reproducing cells in the ectoderm [21] reflected a mechanism that controls the direction of
outgrowth.
Moreover, Burke used immunofluorescent staining at stages 14 and 15 to map out the
distribution of N-CAM [18] and fibronectin [17] in the CR. The turtle embryos were stained with
antibodies to N-CAM [18] and fibronectin [17], as other studies had mapped out the spatial and
temporal distribution of these molecules in other epithelial-mesenchymal systems. Burke
discovered that in stages up to but not including stage 14, there was no significant localization
of either fibronectin [17] or N-CAM [18]. At stage 14, staining for fibronectin [17] and N-CAM [18]
became localized in the CR. As the CR grew, Burke found N-CAM [18] in all the mesenchymal
cells in the CR, while the ectoderm [21] was N-CAM [18] negative.
Burke compared her immunofluorescent results to known immunofluorescent patterns in the
limb buds of chick [16] embryos, a well known locus of inductive interactions. Since the pattern
and distribution of fibronectin [17] and N-CAM [18] in turtle embryos was consistent with the
patterns of cell proliferation and distribution of fibronectin [17] and N-CAM [18] in chick [16] limb
buds, Burke concluded that the tissue composition of the turtle CR is typical of areas of
epithelial-mesenchymal interaction [11]. Burke had found that the epithelial-mesenchymal
interaction [11] was responsible for the growth of the turtle?s carapace [9].
Burke also performed several surgical manipulations to better assess the causal role of the
CR in the ensnarement of the ribs in the carapace [9]. The surgical removal of tissues in the
CR confirmed the causal role of the epithelial-mesenchymal interaction [11] in the relocation of
the ribs in the dermal shield. The results of these later experiments were reported in the "
The Development and Evolution of the Turtle Bodyplan [22]," published in 1991.
Burke's histological and immunofluorescence [20] experiment helped reveal the evolution [5] and
development of turtle morphology [8]. By identifying the CR as the locus of an epithelialmesenchymal interaction [11], Burke enabled further experimental and conceptual work on the
developmental, genetic, and regulatory mechanisms underlying the body plan of turtles [6].
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Ann Campbell Burke examines the development and evolution of vertebrates, in particular,
turtles. Her Harvard University experiments, described in Development of the Turtle
Carapace: Implications for the Evolution of a Novel Bauplan, were published in 1989. Burke
used molecular techniques to investigate the developmental mechanisms responsible for the
formation of the turtle shell. Burke's work with turtle embryos has provided empirical evidence
for the hypothesis that the evolutionary origins of turtle morphology depend on changes in the
embryonic and developmental mechanisms underpinning shell production.
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