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Small GTP-binding proteins, are monomeric G proteins with Mw 20-40 kDa. They function as key regulators of cell proliferation and differentiation and their mutated forms have been implicated in malignancy. Nevertheless, their function in terminally differentiated cells, such as neurons, is yet unknown. Increasing evidence in both mammals and invertebrates implicate small GTPases of the Ras subfamily as well as members of the Ras/Raf/MAPK pathway in learning and memory, but so far direct evidence of this has been lacking. 

Small GTPase signalling in Drosophila learning and memory is stringly suggested by the deficits in these processes exhibited by mutants in the DRK adaptor protein. The drk gene encodes an SH2/SH3 adaptor protein and so far has been shown to act upstream of RAS1 during developmental processes. Using a Pavlovian olfactory conditioning paradigm, we have shown that drk mutants exhibit both learning and memory deficits. The behavioural deficits are attributed to reduced DRK protein levels in the mushroom bodies (MBs), the neuroanatomical locus of olfactory learning and memory in insects. Furthermore, the learning deficit of drk mutants is rescued by conditional overexpression of a constitutively active form of RAF in the MBs, whereas the memory deficit persists. This implicates that additional, DRK-mediated pathways are involved in memory formation that are RAF independent. 
To expand on these studies and address the implications of the drk mutant phenotypes, we are currently investigating whether its learning and memory deficits can also be rescued by overexpression of constitutively active forms of the Ras subfamily members, RAS1 and RAP1, in the MBs. We have shown that all three members of the Ras subfamily, namely RΑS1, RAS2 and RAS3/RAP1, are expressed in the Drosophila brain. Moreover, preliminary evidence suggests that conditional overexpression of constitutively active or dominant negative forms of these transgenes compromises olfactory learning and memory. To our knowledge, this is the first direct evidence that Ras GTPases are required during adult invertebrate learning and memory processes. 
