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Bone morphogenetic proteins (BMPs) are cell-cell signaling molecules that are conserved from sea 
urchins to vertebrates [1]. The BMP family of ligands is dose-dependent and must undergo complex 
means of secretion, spatial regulation, and degradation to regulate processes such as extracellular growth 
and homeostasis. The receptors and signaling pathways that this protein family stimulates is well 
characterized, but the mechanisms controlling how much of the signal is released are unknown [2]. The 
free-living nematode C. elegans is an ideal system in which to study this cellular BMP regulatory 
process, with its conserved molecular pathways, ease of genetic manipulation, and simple, transparent 
body for visualizing fluorescently tagged transgenic proteins. 
 
The C. elegans BMP member DBL-1 is expressed in nerves and activates receptors on surrounding 
epidermal tissue [3]. Some nerve-secreted proteins can be secreted constitutively, without the help of 
vesicle transport, while other nerve-secreted proteins undergo regulated secretion, using synaptic or 
dense core secretory vesicles to be transported from the Golgi to the cell’s plasma membrane [4]. Using 
a green fluorescent protein (GFP)-tagged DBL-1, we show that DBL-1 clusters in vesicle-sized punctae 
in neurons (Figure 1). This suggests that secretion of DBL-1 is regulated. A functional mammalian 
BMP4 expressed in C. elegans and visualized using a novel, microwave-based immunocytochemical 
procedure is also punctate and co-localizes with C. elegans DBL-1 (Figure 1). To determine the nature 
of these punctae, we examined for co-localization between either BMP4 or GFP-tagged DBL-1 and 
various vesicle components. While we did not find any evidence that DBL-1 is dependent on synaptic or 
dense core vesicle secretion, we discovered that BMP4 co-localizes at the neuronal plasma membrane 
with dynamin and caveolin (Figure 2). While caveolin is best known for its role in endocytosis and 
signal transduction, limited findings suggest caveolin transport from the Golgi to the plasma membrane 
can include cargo [5]. We found that DBL-1 not only co-localizes with caveolin, but loss of caveolin 
reduces DBL-1 levels and signaling. Using time-lapse microscopy, we found a sub-population of DBL-
1-positive punctae move in a manner consistent with microtubule-based transport (Figure 3). This 
directed transport of DBL-1 further supports a role for caveolin in DBL-1 secretion, as some caveolin 
vesicles can move on microtubules.  
 
Caveolin-associated vesicles have been shown to undergo “kiss-and-run” dynamics, where vesicles 
transiently fuse with the plasma membrane using dynamin, allowing a partial release of vesicle contents 
into the extracellular milieu [6]. We provide evidence that regulation of DBL-1 vesicle secretion may be 
provided through caveolin-based “kiss-and-run” dynamics, which could contribute to dose and spatial 
control of DBL-1 pathway signaling. We propose that C. elegans DBL-1/BMP signaling is regulated by 
a novel caveolin-dependent secretion mechanism that controls BMP release from neurons. 
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Figure 1. Fluorescent imaging of GFP-tagged DBL-1 (green) with immunolabelled 
BMP4 (red) shows protein co-localization in motor neurons. Scale bar = 5 µm. 
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Figure 2. Fluorescent imaging of immunolabelled BMP4 (red) with caveolin 
(green) shows protein co-localization in motor neurons. Scale bar = 5 µm. 

Figure 3.  Time-lapse images show active trafficking of GFP-tagged DBL-1 puncta (arrow) within a nerve 
cell. Scale bar = 100 µm. 
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