Chapter 12. Thin-film diffusion gradients, polarised flux and active vesicle trafficking.

While intracellular gradients have well-established functions during oogenesis, the contribution of passive
diffusion to extracellular signal transmission is less certain. In imaginal discs, morphogen diffusion may be
restricted within the thin fluid film between the peripodial membrane and the disc epithelium. In addition
both Wg and Hh are lipidated, such that retention by the extra-cellular matrix may limit their diffusion !.
Notably, a myristolated fluor remains associated with the Ap epithelial surface, when driven by wg-Gal4
along the D/V wing margin, with limited lateral diffusion (Figs. 17, 18).

Fig. 17. Pr ring and marginal loop of Wg-Gal4 expression. A Pr ring separates the presumptive wing
blade from the surrounding notum, pleura and hinge, while a D/V loop delineates the wing margin. L3
imaginal disc, confocal images. A. The wg-Gal4 transgene drives expression of GFP fluor (green) carrying a
nuclear localisation peptide, the Tom fluor (orange/red), carries an N-terminal secretion peptide and a
myristoyl tag, in wg-Gal4; UAS-GFPES UAS-Tom™”. Screted Tom™" remains associated with the Ap
epithelial surface, with restricted lateral diffusion; while the GFPNS fluor localises to the nuclei of the
underlying epithelium (disc viewed through Ba surface). Myr-Tom transgene of Potter and Luo, 2010
(FlyBase communication). B. Confocal image of twin membrane-anchored fluors, GFP-mCDS8-mCherry
(yellow/red), carrying an N-terminal secretion peptide, in L3 wg-Gal4, UAS-GFPN:S UAS-myr-Tom wing
disc. DAPI (blue) signal shows nuclei at the edges of the imaginal disc. White line indicates the position of
the A/P compartment boundary. D. Gubb and J-M. Reichhart, unpublished.



Fig.18. Limited diffusion of Tom™" fluor. Single A, B and combined C channels of Fig. 17. D, E, F; Z-
series (Ba, medial and Ap) focal plane, wg-Gal4, UAS-GFPN:S UAS-myr-Tom L3 wing disc. GFPN'S
(green), Tom™" (orange/red), DAPI (blue).

Notably, membrane-tethered Wg can rescue the wg null mutant phenotype 2, consistent with Wg being
endocytosed on membrane-bound vesicles, followed by active trafficking in the epithelial plane. The
extracellular matrix proteoglycans Dally (Division abnormally delayed) and Dally-like (Dly) modify the
transmission and uptake of Wg, Hh and Dpp. In turn, Dally and Dly are regulated by the Ft/Ds/Fj cassette
via the Hippo pathway * #. Thus, lipidation may affect morphogen partitioning between membrane-bound
vesicles, matrix proteoglycans and Lipophorin-associated lipid particles °. In particular, Dally stabilises the
retention of Dpp on the collagen matrix ¢ 7 3 °. In combination, these trans-membrane/extracellular matrix
interactions may regulate morphogen activity, with localised uptake, degradation and transmission in the
epithelial plane.

In this context, Dpp is trafficked away from the A/P boundary of the wing disc, through baso-lateral
cell interfaces, in association with MVBs 10 11 1213 The Dpp gradient is restricted to the A compartment,
although dpp-Gal4 driven expression of an N-terminal Dpp-GFP fragment protein gives a fluorescent
gradient within the disc lumen, to either side of the A/P boundary . Under these conditions, uptake of Dpp
by the disc epithelium is dependent on the Dynamin motor Shibire (Shi); while the extracellular Dpp
gradient remains independent of shi function © 13 1617, Thus, the absence of a P gradient of Dpp is consistent
with its rapid uptake and degradation. By contrast, newly translated Wg is transported as an inactive cargo
component, with signal peptide removal during exocytosis, followed by matrix retention and endocytotic
recycling ¥ 5. Recycled Wg may trigger cytoskeletal remodelling in the cells from which it has been
secreted and their adjacent neighbours; with Wg-tagged MVBs translocated predominantly through baso-
lateral cellular interfaces. Meanwhile, Hh is exported through the basal surface of the wing disc, with
differential Ap/Ba and baso-lateral trafficking mediated via iHog and Boi ', see below Chapter 13. By
implication, altered Ap/Ba trafficking may select alternative developmental pathways to either side of the
A/P (AMS), or the D/V (segmental), boundary. Notably, the Toll and Ttk transmembrane receptors require
to be taken up in membrane-bound vesicles before signal transduction, which does not take place from the
epithelial surface 20 2!,

Summary:

Imaginal disc growth is controlled via active trafficking of morphogens through epithelial surfaces, or
the lateral interfaces between adjacent cells. The diffusion of lapidated morphogens is limited by their
adsorption onto extracellular matrix components, and thin-film diffusion within the convoluted lumen
of imaginal discs. Morphogens captured on membrane-anchored receptors may be endocytosed and

trafficked in the epithelial plane. Thus, morphogen flux is limited by restricted extracellular diffusion,



the export/import of MVBs and lipid particles, and subsequent polarised partitioning between lateral
cell boundaries in the epithelial plane. These processes are all dependent on cytoskeletal remodelling
at membrane interfaces, modulated by the active responses of signal-receiving cells.
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