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OBJECTIVES

• Determine the values of the kinetic parameters that govern the spreading of two 
morphogens

• Compare those values and the concentration profiles they create

• Determine the molecular mechanisms involved in the formation of those morphogen 
gradients



• Decapentaplegic (Dpp) and Wingless (Wg) are two key morphogens involved in the 
development of the fruit fly Drosophila melanogaster 

• Both form concentration gradients

• Dpp is produced in the AP compartment boundary



• In general, the four key kinetic parameters governing morphogen spreading are: 

• the production rate ν

• the effective diffusion coefficient D

• the degradation rate k

• the immobile fraction Ψ

• In particular, Dpp spreads nondirectionally, is degraded while spreading, and forms a 
gradient of concentration in the plane of the wing epithelium

• Thus, the rate of change of Dpp concentration is described by the equation:

(1)



• The steady-state solution for this equation is:

• The exponential function fits the experimental results. Correlation index <R2>= 0.92 ±
0.05, n = 26 with a decay length λ = 20.2 ± 5.7 μm



• To measure the kinetic parameters that determine the steady-state shape of the DPP 
gradient: FRAP (fluorescence recovery after photobleaching)



•Experimentally,

 The recovery was followed:

 C0 and λ were determined



•Theoretically,

• A one-dimensional solution C(x,t) of equation (1) which corresponds to a parallel FRAP 
experiment was calculated:

• The solution depends on the kinetic parameters Ψ and D



 Ψ and D were optimized to obtain the best agreement with the 

experimental data

 k was obtained using 𝜆 = 𝐷/𝑘

 j0 was obtained using 𝐶0 = 𝑗0/ 𝐷/𝑘



Results:

 D = 0.10 ± 0.05 μm2/s, about three orders of magnitude less than the coefficient of 
free diffusion in water. 
Probably due to (i) restricted diffusion of Dpp in the extracellular space and (ii) 
endocytosis plus recycling of Dpp.

 k = (2.52 ± 1.29) E-04 s-1, consistent with previous data determined biochemically

Ψ = 62 ± 8%: the majority of the GFP-Dpp molecules in the target tissue were immobile 
or moved very slowly

 j0 = 3.98 ± 2.34 molecules/(μm × s), implying a value of  ν (production rate) of 2.69 ±
1.58 molecules per cell per second.



• The previous analysis was carried out without information about how the spreading actually 
occurs

• It is believed that both extracellular diffusion and endocytosis contribute to the spreading 
of Dpp

• Endocytosis:



• The shibire gene codes for the protein Dynamin 

• Shibire-Rescue animals: shibirets1 allele everywhere except source cells

• shibirets1 is a tight thermosensitive mutant at 34°C, but leaky at 32°C.

Endocytosis is required for Dpp movement



• Wg is another morphogen. To study its behavior, a functional GFP-Wingless 
fusion was expressed at the endogenous Dpp source.

 Wg made a short-range gradient with λ = 5.8 ± 2.04 μm

 Dpp made a long-range gradient with λ = 20.2 ± 5.7 μm



Endocytosis is not required for Wg

transport and degradation or it is 

Dynamin-independent.



GENERAL CONCLUSIONS

• Different morphogen gradients can be generated by independently fine-tuning ν, D, k y Ψ

• Different morphogens may use different mechanisms of transport and cellular machineries 
(e.g., Dynamin-dependent versus Dynamin-independent transport) to achieve the formation 
of morphogen gradients.


