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INTRODUCTION

Octopamine is a biogenic amine that modulates numerous
nctions in similar to those
d with in
Several octopamine receptors have been cloned and tested
in expression systems. They are G-protein coupled and most
can be dassified as a- or P-adrenergic-like octopamine
receptors (OctaR and OctpR, respectively), or
actopamine/tyramine receptors. OctaRs generate
intracellular Ca-signals and, to a lesser extent, raise cAMP
levels, while OctRs Increase cAMP with no effect on
calelum. Octopamine regulates cAMP levels also in many
intact invertebrate cells, but less is known about its effects
on cakdum and very little is known about the signaling
Dnoglmlm also modulates various lnﬂlc curments. J||
neurons, b how this mod feads to
changes in excitability. l'hmdlmml\fhlmlumer
Inhibitory even in the
receptor types may be present, or diverse signaling

Mechanosensory neurons in the legs of the spider
Cupiennius salei were immunoreactive to an antibody
against Drosophita OAME receptor. Some efferent neurans
that synapse with mechanosensory afferents were labeled
with an antibody against octopamine, and octopaming

b d the af

. 2005). Thy
how octopamine modifies the sensitivity of neurons
Innervating the VS-3 slit sensilla on the patella of €. salel
Major goals of this study were to identify the second
messenger molecules that are regulated by octopamine, to
learn what types of signaling mechanisms are triggered by

OCTOPAMINE EFFECTS ON SPIKE RATE
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V53 neuron response to electrical pseudorandom notse stimulation ks
shown with and without action patentials (AP). Upper traces show the
spikes before and after octopamine application on a different scale.

at the time d. The lower

these molecules and how they lead to the ph
effects.

METHODS
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cuticle containing V5-3 slit sense organ was dissected and the organ

coverslip and ;bud In an experimental chamber as &

upiennius soled) wers autotomized. A small piece of the pateltar

of a control recording from the same neuron without octopamine
application (bluc).
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OCTOPAMINE EFFECT ON FREQUENCY RESPONSE

Frequency response analysis was
from the excitatory period

following octopamine application and

during the
control

recording. reponse
functions were Mnlbynupemr law
ionship
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where f s frequency; A is a constant
sensitivity

ovel
Hi); k Is the fractional exponent that
deseribes the rate of adaptation. The
phase relationship was fitted by:
P{f) = k 90° - A{f) 360°
‘where P{f] is the phase lag as a function

{gain at 1

F—

atfrequency; and Atisa time delay.

Weaver, 1949),

R=lloga{1/1-22()1df

The coherence functions, 1'{f] between
the input and output were calculated
and plotted against log frequency.
Linear Information capacity, R, was
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rate increased when 1-mf B-Br-cAMP or S-pM

Left: Action potential
lonomycin were applied. Abowe: Bar graphs compare average (tSEM)
membrane iments

under control
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and AP rates from several experi
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3MKCL.

a SEC-10L amplifier (npi Tamm,
white noise stimulation was applied as current injection
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Bar graphs show the synaptic potentials elicited when
octopamine was applied at various concantrations while the
neurons were held at -90 mV holding potential. Maximum

‘synaptic potential was recorded when 20 pM octopamine was
applied. Numbers of experiments at each concentration are
indicated above each bar.

CURRENT-VOLTAGE
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Larger inward current was recorded at <50 mV

Octopamine effects on voltage-activated
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Left: When inward currents were blocked with 1-uh TTX and 100-uM Ni*, voltage
steps 1o 20 mV produced a slowly deactivating outward K-current. 1 min after
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Upper left: An example of VS-3 neuron's response to
‘octopamine after the protein kinase A lmhlblw( RP-cAMPS was
added to th under control
conditions. There was no significant  difference in the
octopamine induced change 30 min (p=0.063, #=7) or 60 min
(p=0.48, n=6] after RP-cAMPS was added to mpomnm awer
left: An example of a V5-3 neuron’s response to octopamine
‘when superfused in normal saline and in saline supplemented
with the calcium chelator ©4P74 A0, This difference was

(p=0.0013, n=7] and 60 min (p-u.m!!. n=7) in ullu m
BAPTA-AM. Upper right: When the superfusion sol

supplemented with CaMKIl inhibitor 100, vs: nmaﬂs
mpmu to 20-uM octopamine was smaller than when
Incubated in normal saline. This was statisthcally
significant lﬂ min after KN-62 was added to the superfusion
(p=0.0001, 7=12).

SUMMARY AND CONCLUSIONS

of v5-3

lly at high

* after octopamine application.
@ Changes in sensitivity were also detected

when Ca-ionophore lonomycin or cAMP
analog 8-Br-cAMP were applied,

l&wdﬂ?mﬂwmunwhmnﬂm

octopamine effect, since the protein
kinase A inhibitor, RP-cAMPs, did not
diminish this effect.

® In contrast, the nnopamlna induced

with the Ca" chelator

reduced by KN-62, an {nhlﬁlﬂr of CaMKIl and
BAPTA-AM.
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. by
3.8 mV and reduced the amplitudes of
voltage-activated K-currents.

& Wep
3 neurons activate IF, leading to Ca™ release
The Ca-surge turns

from intracellular stores.

on CaMKIl, which modulates voltage-
resulting in persistent

activated K-channels,
enhancement in excitability.
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