






Figure 5.5
Enhancer trap GAL4 lines express in the mushroom bodies.  All
lines are stained with the α,β,γ lobe marker, anti-FASII (red) and the
α’,β’ maker, anti-TRIO (blue).  Confocal images of (A)
c320{GAL4};uas-mcd8::GFP and (B) c305a{GAL4} cd8::GFP
display GFP in the α’,β’, but α,β,γ lobes. (C) In contrast,
c739{GAL4};uas:cd8::GFP flies express GFP in the α,β,γ, but not
the prime lobes.
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Figure 5.6
Prime lobe output is required for middle-term shock-reinforced
odor memory. Temperature shift protocols are shown
pictographically above each graph. (A) The permissive temperature
of 25˚C does not affect 3 hour aversive odor memory of mushroom
body α´/β’ drivers c320{GAL4};uas-shits1; c305a{GAL4};uas-shits1

flies, or the α,β driver c739{GAL4};uas-shits1. All genotypes were
trained and tested for 3 hour memory at 25˚C. (B) Disrupting
mushroom body  α´/β’, or α,β neurons disrupts memory.  At the
restrictive temperature of 31˚C c320{GAL4};uas-shits1;
c305a{GAL4};uas-shits1 and c739{GAL4};uas-shits1exhibit impaired
memory compared to wild-type and uas-shits1flies.
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Figure 5.7
Mushroom body  α´/β´ and α/β lobes display are differentially
involved in middle-term memory. Temperature shift protocols are shown
pictographically above each graph. (A) Flies were incubated at 31˚C for 15
minutes prior to training and returned to 25˚C immediately following
training.  Blocking output from the α´/β’, but not the α/β lobes, disrupts 3
hour memory.during  acquisition disrupts 3 hour memory memory at 25˚C.
(B) To block neural output during retrieval flies were trained at 25˚C and
incubated at 31˚C for 15 minutes prior to testing. Memory was abolished in
c739;uas-shits1 flies,indicating that  output from the α,β neurons is essential
for memory retrieval.  A significant memory defect was not observed when
output from the α´/β´ was blocked indicating that output from these lobes
is not essential during retrieval.
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Figure 5.8
Mushroom body  α´/β´, but not α/β, output is required for memory
stability. Temperature shift protocol is shown pictographically above the
graph. Flies were trained at 25°C, and immediately after training they
were shifted to 31°C for 60 minutes. Flies were then returned to 25°C
and tested for 3 hour shock-reinforced odor memory at 25°C.
Expression of uas-shits1 with the α’/β’ drivers c305a or c320 abolished
memory.  There was no effect of uas-shits1 with the α/β lobe driver c739.
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Figure 5.9
Prime lobe output is required for stability of sucrose-reinforced odor
memory. Flies expressing shits1 in the α´/β´  or α/β lobes were trained to
associate sugar-reward with odor.  The temperature shift protocols are
shown pictographically above each graph. (A) At 25oC there is no effect of
shits1 expression on mushroom body function and all genotypes perform at
wild-type levels. (B) Blocking output from mushroom body      α´/β´
neurons for 1 hour following training impairs  3 memory.  This temperature
shift protocol had no effect with the α/β driver c739{GAL4}.
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Figure 5. 10
rut  cDNA expression with c320{GAL4} rescues memory, but not
learning in rut2080mutant flies.  rut2080flies were flies harboring the
uas-rut transgene and a prime lobe driver were tested for learning
(A) or 3 hour memory (B).  rut2080;c320{GAL4};uas-rut flies displayed
normal 3 hour memory.
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Figure 6.1 Model for DPM-mushroom body interactions. Odor
activates mushroom body neurons via activation of second order
projection neurons.   These mushroom body neurons are necessary for
retrieval of memory. DPM neurons form a feedback loop with the
mushroom bodies that is essential for memory stability.

207


