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Dual function of Src tyrosine kinase in
epithelial morphogenesis in Drosophila
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Cell migration and cell determination play important roles during establishment of
multicellular organs. Although cell determination and cell migration take place simultaneously in
many cases of organogenesis, the mechanism which coordinates those processes is not well
understood. In this study, I identified the Drosophila homolog of c-Src, src42A as a candidate for a
gene that controls both cell migration and cell determination during tracheal formation.

The Drosophila tracheal system is a network of tubules with a stereotyped pattern formed
by a series of branching, migration, and fusion of tubular ectodermal epithelia and provides an ideal
system to study the processes of organogenesis. In this work, I performed gain-of-function
screening using the Gal4-UAS system to search for novel genes functioning in tracheal cell
morphogenesis in Drosophila. The phenotypes of tracheal defects were classified into 3 classes; the
branching, migration or fusion defect class, the cell attachment defect class, and the cell volume
defect class. By mapping the GS vector insertion sites on the Drosophila genome map, I identified
candidate genes whose expression might be forced in the GS lines causing the tracheal defects.

In this study, I focused on the roles of the Src family protein in Drosophila tracheal
development. Src family tyrosine kinases are first identified as transforming proteins encoded by
oncogenic retroviruses. Numerous studies suggest that Src function to regulate cell-cell adhesion
and the actin cytoskeleton. Howéver, in vivo roles of this family proteins is unclear.

There are 2 c-src homologues in Drosophila genome; src42A and src64B, which are
shown to play functionally redundant roles in the closure of dorsal epidermis. Overexpression of
srcd2A, as well as src64B, caused mesenchyme-like transformation of the tracheal epithelium and
abnormal F-actin accumulation. These results suggest that both src42A and src64B have important
roles in tracheal development and in epithelial morphogenesis in general.

During tracheal development, activated Src was localized to the apical cell-cell junction
site and activation of Src is strictly regulated spatially and temporally when cell rearrangement
activity is high. In src42A mutant embryos, F-actin organization at adherens junction where E-
cadherin/B-catenin/oi-catenin complex is localized was abnormal. Such a phenotype might reflect
cell-cell contact defects in src42A mutants.

By using a functional DE-cadherin-GFP fusion protein to distinguish newly synthesized
E-cadherin from pre-existing one of maternal origin, 1 found that Src42A activity regulates DE-
cadherin turnover rate. Overexpression of dominant negative form of src42A, src42ADN caused
pre-existing E-cadherin signal to predominantly occupy the apical cell-cell junction. On the other
hands, overexpression of constitutively active form of src42A, src42AACT reduced the amount of
pre-exinting E-cadherin signals, allowing newly synthesized E-cadherin to occupy adherens
junction of trachea.

Consistent with this observation, Src was shown to post-transcriptionally reduce the level
of E-cadherin. Furthermore 1 identified the Drosophila homolog of Hakai, DHakai, which
ubiquitinates E-cadherin in a src-dependent manner. The reduced level of DE-cadherin caused by

hyperactivation of src was restored by inactivation of DHakai by RNA interference. These results
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suggest that Src down-regulates DE-cadherin by ubiquitination and degradation mediated by
DHakai.

In addition, src42A mutants lost the expression of a target gene of Wg signaling
Escargot (Esg), which is usually expressed only in the fusion cells of the trachea. On the other hand,
hyperactivation of Src caused increase of the number of Esg expressing cells. Increase in the
number of Esg expressing cells upon hyperactivation of src was suppressed by coexpression of the
dominant negative form of Tcf, TcfAN. Furthermore hyperactivation of Src42A caused increase of
Arm, the key transducer of Wg signaling, in tracheal cytoplasm. These results suggest that Src
activity is involved in the control of tracheal formation by Wg signaling. The increase of Esg
expressing cells caused by hyperactivation of Src was enhanced by coexpression of DAxin, which
forms a complex with GSK-3 and APC, and promotes degradation of Arm. This result suggests that
Src might work to inactivate the degradation machinery of Arm by regulating the Axin function.
From these analyses, I concluded that Src42A coordinates cell adhesion and cell differentiation by
regulating E-cadherin turnover rate and Arm stabilization. Furthermore, activation of Src42A in
fusion cells at later tracheal development amplifies Wg signaling in tracheal cells.
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