Octopaminereceptorson spider peripheral mechanosensiiia
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| ntroduction Electrophysiology
Experimental Set Up Phentolamine blocked the octopamine effect

Spider mechanosensory neuronsreceiveextensiveefferent innervation. I nthetropical wandering spider,

Cupienniussalei, most of the efferent neuronsare GABAer gic and the mechanosensory neuronsrespond Perfusion Wax plug Action potentials were recorded 407 100 uM phentolamine applied through the perfusion system
to agonists of ionotropic and metabotropic GABA receptors. Other possible neurotransmittersat these extracellularly from autotomized legs Inhibited themechanosensory neurons(blue).
peripheral synapses include glutamate and acetylcholine. Octopamine, an invertebrate analog of perfused with spider saline. Drugs were §30' When the_ prepar ation was pe_rfused for _12 min with
noradrenaline, isa neuromodulator that acts as a neurotransmitter or a neurohormone. It isknown to Femur applied directly into the saline flow just 2 0] phentolaminefollowed by application of 1 ml mixtureof 50 pM
affect several peripheral sensory organs, including mechanoreceptors in insects and crustaceans. Hypodermic ‘ beforeit entered the leg. Two silver wire 2 octopamine and 100 pM phentolamine (red) the typical
M or eover, octopaminer gic neur onshavebeen found in thecentral nervoussystem of Cupienniussalel. ®\ Pins . E responseto octopaminewasabolished.

rr sleaneoles ElEses [ o2 VEmlr ehe 107 The preparation wasthen perfused by spider salinefor 12 min

: e e : : Amplifier patella allowed recordings from small g :

Here we characterized the distribution of octopamine receptors (OctopR) in the mechanosensory VS-3 Patella followed by application of 1 ml of 50 phM octopamine alone

trichobothria sensilla (=700 pm long) 0+
situated at the proximal end of thetibia.
A stimulator consisting of atungstenwire

dit-sense organ and tactile hairs, and performed extracellular recordings from tactile trichobothria (green). Thetypical octopaminer esponsewasobser ved.

sensillainthespider tibiatoassessthephysiological roleof OctopR.
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mounted on a loudspeaker was attached 40+ 40 -
o to one of the hairs with petroleum jelly.
| | Position The hair was stimulated by £ 3g

A: A female tropical wandering Simulus pseudorandom noise displacement with 53
spider (CPP'GU”'“S Sal?')' The amaximum amplitudeof ~50 um 3201
electrophysiological recordings were ' %
performed from trichobothria hairs ~ 104 50 uM Octop
(B) on thetibia. Themechanosensory 100 uM Phento 50 UM Oct
lyriform VS-3 dit organ (C) was also ol QUM Phentolamine ol . ?qp. -
used for immunocytochemistry. A typical recording showing 0 100 200 300 0 100 200 300
D: Efferent fibers make extensive the response of a neuron Time(s) Time(s)
contacts with the dendrites, somata (black) to a pseudorandom
and axons of mechanosensory noisestimulus (r ed) Second messenger system
neuronsin the VS-3 organ (modified | 20 UV I Octopamine
from Fablan-Fln.e et al. (2000) PI Py >~ 20cCtopR At least two second messenger pathways are known
J Comp Neurl 420:13>-220). 25 um | mmn’ ” mm' H"ml’l’l,‘ | to transduce octopamine responses. The most

....... B YIS M common is a Gs-Adenylyl cyclase pathway (red).

100 ms Another oneisaGqg-PL C pathway (blue).

Cs A
Octopamine increased thefiring frequency of the mechanosensory neurons \ AT e We used a cAMP analog (8-Br-cAMP) and a
| - ' ’ ,8-Br-cAMP  competitive inhibitor of PKA type | and Il (Rp-

Western Blot analysis and | mmunocytochemistry Endoplasmic | cAMPS) to test whether the octopamine response
reticulum  inactive PK A active PKA  wasmediated viathe Gs-Adenylyl cyclasepathway.

70 1 60 seconds after the start of therecording 0.5 ml
_ 60 + 1mM Octo of 1 mM octopaminewasapplied totheperfusion _

3 3 For Western blot analysis we u.sed a polyclonal 2 g9l P solution (blue). The firing frequency increased Rp-cAMPS 50

< 5. unpurified antibody (OAMB, 1:2,000) that was % 40 4 rapidly. At this concentration the octopamine -

2 5 Iolevelqlzc)led agamst?cloned I?rostophllgOgtopR. = 0 1 mm effec_t was ill seen more than 5 min after 8-Br-cAMp mimicked the effect of 5 40-
o L epibicf e Ues Slo odifeier Tt LUz o) ites E application. The green trace shows a control ~ 9ctopamine. a { 50 UM Octo
05 — [ observed at approximately 2 kDa, which isthe 20 I recor ding wher eoctopaminewasnot applied. 1 ml of either 1 mM 8-Br-cAMP (_green) S 30 l ‘“ M P
75— — expected molecular welght of OctopR 10 1 1m|\/| Octop contro Tyramine, the precursor of octopamine, had a 50 uM oc_topamlne(blqe) was applled tothe g 204 L | ||‘

calculated from the Drosophila amino acid 0L —m——————— similar effect (not shown). preparation. Theamplitudeand timecourse £
50 = seguence. O 100 200 300 of theresponsesweresimilar. 10 +
Time (s) ) Octop/8-Br-cAMP 1 MM 8 Br-cAMP
ST 0 50 100 150

. . 60 1 Time(s)
| mmunocytochemistry using 2
OAM B antibody (1:1,000) and A dose-response function was calculated from 36 @ 45t Rp-cAM PSblocked theoctopamineeffect .
CY-3 as the secondary responses to different octopamine concentrations. 80 E HHﬁ Wﬁﬂl}* A cell responding normally to 10 pM octopamine
antibody. | mmunoreactivity An exponential decay (red) wasfitted tothefirst 30 8 307 (blue) wasperfused with 100 pM Rp-cAM PS. After 15

was strongest in the proximal

2
60
seconds of each recording beforedrug application. % 154 : o _
This function was the1 subtracted from the = 40 10 uM Octop min, a new application of 10 pM octopamine had no

partsof thesomata (arrows) in 1 . ~ effect on the firing frequency of the mechanosensor
neuronsinnervatingthetactile original recording (blue). The peak response was %20 L i &N Wi ) 0~ 100 uM Rp-cAMPS neuron (purple). 3 MEEersy U
hairs (A) and the VS-3 organ calculated by averagingthe20 highest pointsof the — o ; ——
(B), but it was also present in resulting trace (black). The peak values were used 01 MAWAN———+————— 0 o0 Time(s)loo 150
other parts of the cell bodies toplot thedose-responsecurve. 0 100T, 200 300
ord the axons (Sl bers 'me(s) Summary and Conclusions
um).
(A) Tactilehairs (B) VS-3 | 707 e Western blot analysis and immunocytochemistry using an antibody against Drosophila OctopR
60 - o (OAMB) suggested that octopamine receptors are present in spider peripheral mechanosensory
0w 50- ° . neuronsand especially strongly concentr ated on theproximal partsof thecell bodies.
Double immunostaining using OAMB antibody g 40 - ° :uhnit?ozsﬁ\rﬁnodqztggrl%/(e:5zvislgthel\?l | I'DI}I/*Ieagrgé! e Doublestaining u_sing OAMB and an anti-synapsin antibody indicated that synaptic contacts could occur
(red) and an antibody against Drosophila Q ® s Joint reoresentsthe peak value(mean +s.d.) of five between effer ent fiber sand OctopR on themechanosensory neurons.
napsin (1:100) with Alexafluor 488 as the - o i i
ZCorrl)dary(antibczdy (green). Someof thesynaptic $ Seilre] Feear GRS e el UG Rab R I e Octopamine application s_ignificantly Increased the firing frequency of mechanosensory neurons in
vesicles on the efferent fibers were located close responsetoamechanical stimulus.
to OctopR (arrows). However, OAMB labeling

was exclusively found on mechanosensory 7 e The effect of octopamine was reversibly blocked by the octopamine receptor antagonist phentolamine.

6 5 -4 -3 . . . DY 4 n . ol
neurons and was not present on the efferent | og Octopamine Concentration (M) rl;lwcé\é\;]egneirénrllgpapéﬂir'\qotlamlneconcentratlon aloneinhibited thefiring frequency, suggesting an additional
fibers(Scalebars20pum). Wi :

X NSERC . , _
OctopR/Synapsin _CIHR| Rs C Q CRSNG o 8-Br-cAMPmimicked theeffect of octopamineand Rp-cAM PSblocked theeffect, suggesting that OctopR

arepositively coupled toadenylyl cyclaseand act viaa PK A mediated pathway.



