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David M. Umulis
“Delineating mechanisms of gradient
formation by BMPs in zebrafish embryo
development”

Mixing qualitative measurements, such as
phenotype, with more quantitative
measurements, such as  measured
biophysical rates or quantitative images,
into “logical models” has driven discovery
in experimental biology for decades.
However, as the systems we are studying
become more complex, there is a greater
need for mathematical models to integrate
the ensembles of data into mathematical
models at multiple scales. We have
developed methods that serve the back and
forth between modeling and experiments

and applied them to discern the
mechanism of Bone Morphogenetic
Protein (BMP) signaling along the

dorsal/ventral axis in zebrafish embryos.
During early development. a gradient of
BMP signaling forms with a ventral peak
and a dorsal minimum through the
interplay of BMP ligands interacts with
other secreted factors that shape the
gradient. To inform models, we
developed methods to quantify BMP
signaling activity IN TOTO, and used the
data to constrain mathematical models that
test different hypotheses of gradient
formation including  counter-gradient,
source-sink, transcriptional, and shuttling.
We found that a source-sink mechanism
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provided the greatest correspondence between the simulation results and measurements
for BMP gradient formation, however it required a relatively freely diffusing BMP
ligand. We measured the diffusion of BMP-2b —Venus fusion protein and found it is
diffusible with a diffusion coefficient of 4.4 micron2/sec, supporting the source-sink

mechanism.



