
Introduction
Mathematical modeling has become incredibly useful in the study of 

signal transduction in the developmental period of Drosophila 

Melanogaster, the fruit fly. One such pathway is the impact of the bone 

morphogenetic protein Dpp on gene transcription (see figures 1 and 2), 

which is involved in dorsal development. In a series of reactions, a Dpp

binds to a receptor, starting a reaction sequence that ends with gene 

transcription. We consider a situation of positive feedback, in which the 

product of the transcription interacts with the receptors. Through analysis 

of the chemical system, we have compiled a number of deterministic rate 

equations describing the kinetics. Currently, and in the coming weeks, we 

will analyze our rate equations deterministically and stochastically, to 

investigate the behavior of the reaction network.

The Reaction Network
The reaction begins by activation of the receptor, a protein, by the bone 

morphogenetic protein Dpp.  Once activated, the receptor phosphorylates a 

Smad2 molecule, a protein. The phosphorylated Smad2 reacts with Smad4 

to form a dimer, which is transported across the nuclear membrane. Once 

inside the nucleus, the Smad2/Smad4 dimer acts as a transcription factor 

for the transcription of a surface bound protein (SBP), which is shuttled to 

the cell membrane. At the membrane surface, the SBP forms dimers and 

trimers with receptors and Dpp. Throughout the reaction network, Smad2, 

phosphorylated Smad2, and Smad4 are continuously shuttled in and out of 

the nucleus, while Smad2/Smad4 and Smad2/Smad2 dimers shuttle into the 

nucleus. See figures 1 and 2 for an illustration of this reaction network.

Conclusions and Future Studies
We are currently analyzing the stability and steady states of our set of 

differential equations. We are doing this numerically, using MATLAB, and 

anticipate results within one or two weeks. We will then begin a stochastic 

analysis of our differential equations, using a numerical program called 

StochKit. Beyond our deterministic and stochastic studies of these reactions, 

we are looking at several ways to expand our analysis. One such way is to 

study the role other signaling paths have on Dpp and other transforming growth 

factors. One signaling path that has been experimentally shown to affect Dpp is 

that of the epidermal growth factors. Also of interest is the way that endocytosis

plays a role in the pathway. Both of these questions will be explored in the 

future.
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Model
We began by creating qualitative model of the reaction network. This involved 

analyzing experimental results in journals that provide evidence for a certain 

molecule or reaction. Figures 1 and 2 are the results of this work. With the 

cartoon model in hand, we were able to describe the reactions with chemical 

reaction rates. These equations, shown in figure 3, are the subject of our 

mathematical analysis.  We are currently analyzing these dynamical equations to 

derive such information such as bifurcations and stability that can be used to 

infer biological phenomenon. 

Figure 3: Chemical rate 

equations  shown to the left, 

with notation of molecules 

below. Other notations in the 

rate equations are rate 

constants, volumes, and 

surface areas. 
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