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NEUROSCIENCE 

Octopamine enhances learning 

Yvette E. Fisher 
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Figure 1. Schematic illustration of GRABOA1.0 
design and its application in sensing dynamics 
of octopamine signaling during aversive learn- 
ing in Drosophila . 

modality these authors use extensively 
to measure physiological octopamine re- 
lease. Importantly, GRABOA1.0 has neg- 
ligible interactions with endogenous G 

protein signaling and is specific for oc- 
topamine over tyramine, a similar chemi- 
cal that is also present in the invertebrate 
nervous system [7 ]. 

Next, the authors investigate oc- 
topamine dynamics in the Drosophila 
mushroom body. In this concise cir- 
cuit that mediates associative learning, 
kenyon cells (KCs) carry odor signals 
and synapse onto mushroom body out- 
put neurons (MBONs). The KC→ 

MBON synapse is plastic [8 ]. Synaptic 
strength is modulated by dopaminergic 
reinforcement to teach the association 
between specific odors and approach or 
avoidance behavior [8 ]. The mushroom 

body is additionally innervated by other 

monoamines that are poised to shape 
plasticity [9 ], including octopamine. 

To study aversive learning, Lv et al. use 
a conditioning paradigm where a cohort 
of flies experience an odor paired with 
an electric shock and another odor with- 
out a shock. After a short delay, mem- 
ory is assayed by testing how much the 
flies prefer the ‘unpaired’ odor [10 ]. Flies 
lacking octopamine synthesis showed im- 
paired learning, consistent with a previ- 
ous report [11 ]. Parallel measurements 
using two-photon imaging of GRABOA1.0 
found that octopamine release can occur 
in response to either odor or shock. Sur- 
prisingly, both responses require intact 
KC neuronal activity. Given that KC cell 
bodies show no obvious shock responses, 
this result underscores the complexity of 
recurrent signaling in this circuit. Next, to 
test whether learning deficits are accom- 
panied by altered plasticity the authors 
use GRABACh [12 ] to show that associa- 
tive synaptic depression of KC synapses 
is reduced when octopamine neurons are 
silenced. 

How do octopamine neurons influ- 
ence aversive learning? These authors 
present evidence that octopamine neu- 
ron activity enhances the response of 
dopamine neurons to electric shock. En- 
hancement of this dopamine ‘teaching’ 
signal requires the octopamine receptor 
Oct β1R. Moreover, flies with Oct β1R 

knocked down in dopaminergic neurons 
have learning deficits. Interestingly, a sim- 
ilar circuit logic, but using a different oc- 
topamine receptor, has been proposed for 
appetitive learning [13 ]. Taken together, 
this study generated an extremely useful 
new sensor and clarified how octopamine 
and dopamine signaling interact to shape 
aversive learning. 
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cross the animal kingdom, diverse 
onoamines actuate and modulate neu- 
al circuit function. However, measuring 
he rapid dynamics of these neuromod- 
lators at cellular resolution has histor- 
cally presented significant challenges. 
v et al. introduce a genetically encoded 
ptical sensor for octopamine. They 
tilize this method to investigate the 
unction and dynamics of octopamine 
ignaling during aversive learning in 
rosophila . They find that octopamine 
ignaling enhances aversive odor learning 
hrough its interactions with dopamine. 
his new GRABOA sensor wi l l faci litate 
n vivo characterization of the dynamics 
f this monoamine in diverse biological 
rocesses [1 ]. 
Octopamine is a monoamine found 

cross invertebrate phyla that is analo- 
ous to vertebrate norepinephrine. In 
act, octopamine was discovered in the 
alivary gland of octopuses, giving it its 
harismatic name [2 ]. Octopamine is 
n important signaling molecule that 
as been implicated in diverse processes 
anging from social communication 
o flight behavior [3 ,4 ]. In insects, oc- 
opamine is implicated in associative 
earning in a higher order odor center 
amed the mushroom body [5 ]. 
First, the authors created a sensor that 

s sensitive and specific for octopamine—
RABOA1.0 (OA1.0) (Fig. 1 ). They de- 
ign a genetically encoded optical sen- 
or using the G protein-coupled receptor 
ctivation-based (GRAB) approach [6 ]. 
he Oct β2R octopamine receptor sens- 
ng region was coupled to circularly per- 
uted enhanced green fluorescent pro- 
ein so that when octopamine binds fluo- 
escence increases. This approach is com- 
atible with two-photon microscopy, a 
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In future work it wi l l be interesting 
o clarify the specific contributions of 
istinct octopamine cell types to the 
earning process and to examine oc- 
opamine’s involvement in brain regions 
eyond the mushroom body. Further- 
ore, this sensor could enable the study 
f mechanisms that shape octopamine 
ynaptic release and re-uptake, a topic 
hat is unresolved, as a dedicated oc- 
opamine transporter has not been 
dentified in Drosophila [14 ]. This sensor 
an also be applied beyond Drosophila , 
uch as in mammals, where octopamine 
s classified as a trace amine with a 
otentially important, yet understud- 
ed, role in regulating monoaminergic 
ignaling [15 ]. This sensor creates the 
pportunity to monitor octopamine 
ynamics in a wide range of species. 
n conclusion, the discovery in this 
ork adds to a growing recognition that 
omplex interactions among multiple 
euromodulatory systems tunes plas- 
icity, instructing when and how to 
earn. The generation of this sensor wi l l 
nable future studies that continue to 

The Author(s) 2024. Published by Oxford University Pre
ommons Attribution License ( https://creativecommons
ork is properly cited. 
xplore this fascinating topic and the 
oles of octopamine in diverse biological 
rocesses. 
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