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RAPID COMMUNICATION

Phase-Dependent Presynaptic Modulation of Mechanosensory Sign
In the Locust Flight System

ANSGAR BUSCHGES AND HARALD WOLF?
IFachbereich Biologie, Universitakaiserslautern, D-67653 Kaiserslautern, Germany; avérgleichende Neurobiologie,
Universitd Ulm, D-89069 Ulm, Germany

Buschges, Ansgar and Harald Wolf. Phase-dependent presynaptidlight system. A number of mechanisms exist for such phase-
modulation of mechanosensory signals in the locust flight Syﬂem-dependent modulation, namely, rhythmic changes in mgm-
Neurophysiol81: 959-962, 1999. In the locust flight system, afferhrane resistance of intercalated neurons, their cyclic de- fand

ents of a wing hinge mechanoreceptor, the hindwing tegula, makg,anolarization, or presynaptic inhibition of afferent tern]

monosynaptic excitatory connections with motoneurons of the elev, 3ls (Burrows and Matheson 1994; see reviews by Clarac pnd

tor muscles. During flight motor activity, the excitatory postsynap’t:_l)%’

potentials (EPSPs) produced by these connections changed in a fitaert 17996' .Rudomln et_ al. 1998).‘ nge we report .t1at
tude with the phase of the wingbeat cycle. The largest chandd€synaptic gating mechanisms function in the locust flight
occurred around the phase where elevator motoneurons pasiésfe€m, modulating monosynaptic input from the hindwi
through their minimum membrane potential. This phase-dependé@gula to wing elevator motoneurons in a phase-depenc
modulation was neither due to flight-related oscillations in motonemanner. Presynaptic inhibition is a candidate mechanism
ron membrane potential nor to changes in motoneuron input resiguse primary afferent depolarizations (PADs), which are s

o7

tance. This indicates that modulation of EPSP amplitude is mediai€igive to the v-aminobutyric acid (GABA) antagonist picro} &
by presynaptic mechanisms that affect the efficacy of afferent synapiixin (PCT), can be recorded in the central terminals of teguf
input. Primary afferent depolarizations (PADs) were recorded in ﬂ%ﬁferents o
terminal arborizations of tegula afferents, presynaptic to elevator ’ 3
motoneurons in the same hemiganglion. PADs were attributed to El
presynaptic inhibitory input because they reduced the input resistafftE THOD S S
of the afferents and were sensitive to th@minobutyric acid antag-  yjly matureLocusta migratoriafrom a breeding colony in Kai- .
onist picrotoxin. PADs occurred either spontaneously or were elicitgd c|autern were used for all experiments. Animals were disse :t%d
by spike activity in the tegula afferents. In summary, afferent signgjom the dorsal side and deafferented according to standard prp&e-
ing in the locust flight system appears to be under presynaptic conti@lres (Robertson and Pearson 1982). Wind stimulation of the Head
a candidate mechanism of which is presynaptic inhibition. elicited flight motor activity (“fictive” flight). Intracellular recordings| ‘g
were made with an NPl SE10l amplifier (Polder), in either bridge |oP

discontinuous current clamp mode, from the neuropil regions
elevator motoneurons or from tegula axons close to their entranceli
the metathoracic ganglion (FigA3outlines the experimental situa

In the control of rhythmic locomotor behavior, central nertion). Extracellular hook electrodes for stimulation or en pass
vous rhythm generators and sensory signals often intersggording were used in bipolar configuration. Axons of hindwing

; 0 tegula afferents were stimulated electrically according to established
closely to produce a functional motor command (€. s ocedures, at voltages of 1.0-1.2 T (times threshold value) (Pea}sor]
agé

INTRODUCTION

1

28 UBeN

and Bischges 1998, Clarac 1991; Grillner 1985; Pears Wolf 1988). PCT was bath applied to the metathoracic ganglion
1993). Sensory feedback may sculpture a centrally gener final concentration of X 105 M.

pattern, for instance, by resetting the movement cycle. For the

locust flight system it has been shown that signals from WiQQE SULTS AND DISCUSSION

proprioceptors modify centrally generated activity to produce

the functional flight motor output. The most detailed undei&fficacy of synaptic transmission from tegula afferents to
standing of these interactions concerns the role of the hindwielgvator motoneurons is modulated in the phase of the
tegula in initiating the elevation phase of the wingbeat cyclgingbeat cycle

(Ramirez and Pearson 1993; Wolf 1993; Wolf and Pearson
1988). Conversely, central commands may subject the trans
mission and processing of sensory signals to phase-depen
control (Sillar and Skorupski 1986; Skorupski and Sillar 1986). ; . . )
This was demonstrated for the control of walking (El Manira etathoracic elevator motoneurons durlng_ flight motor acfiv-
al. 1991; Gossard et al. 1990; Wolf and Burrows 1995). CufY: e observed phase-dependent modulation of the compgung
rently there is just one example (Reichert and Rowell 1985) gxcitatory postsynaptic potentials (EPSPs) elicited by electr|cal

cyclic modulation of afferent signal processing in the Iocu%ta'rrgeu;?tgg&gtt:’gg;a ?;fgﬁms (Eégtfigda)vﬁﬁiﬁg ngotp dihg

The costs of publication of this article were defrayed in part by the payme%pown’ at phases of-0.4 with regard to depressor muscie

of page charges. The article must therefore be hereby masacttisement  activity (Fig. 1, C and D). Sma”es_t EPSP amplitudes we
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. ~ recorded at phase 0f0.8-1.0 (Fig. 1,C and D). These

The hindwing tegulae provide strong and, in the ipsilatefal
iganglion monosynaptic, excitatory input to wing elevajor
otoneurons (Pearson and Wolf 1988). When recording frpm

0022-3077/99 $5.00 Copyright © 1999 The American Physiological Society 959
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brane potential underlie these changes. At more positive
tentials, EPSPs will decrease in amplitude because of dec
ing ionic driving forces [a phenomenon observed duri
depolarizing current injection into motoneurons of quiesce
locusts (e.g., Ramirez and Pearson 1991); this holds only i
voltage-dependent ion channels are present in the dend
region]. Examination of the correlation between EPSP am
tude and membrane potential (Figd)2yielded data that were|
contrary to this expectation. Maximum EPSP amplitudes
curred close to phase 0.4, at a time when the elevator moto
A 16_
4 A
s 14"— A,
g 12 . A A A :A
B i C ~ (I At 4
elevator /‘W\‘ £ Masapa T 10- N
MN o 2 1o- fas s = 1 A A
\ / \ © - Q 8 A
| £ L S =
Pt b E b
/\‘\\/r' _Q.- A}‘ﬁ‘ “ © 6— Adss
/V g 5 §A A o 4 . A A
o w i A
? I3 -, A o 4_ “am
w u AL i 2] aa 2 . A la
0, T 7 | AA AA
0.0 0.5 1.0 0 n=51 A A A
’ T T T T T T T
: AT S DR o BT 60 -50 -40
| [ i [ B NE Y
\ \y’ S \\ 3 o EARS membrane voltage (mV)
\ o/ = “eal T . ,
\ N R e T B | {;
6 05 "]t " J
WJV bp %‘ ©on Lt /i )\ /
] % . el ;5’ : elevator ‘;j \\A\ / \\ o
b B el 2 . Aoy ™ M [V
dep.= } [ k: % Mf\i o \J\ s 'Jk‘ll‘ \J\1 M(}\/\/\J‘ y
EMG 0.0 — ! AN LN W T
00 05 10 ARNAN W L
phase in depressor cycle [ O O B M S n {]
BT, | TR AVAVEVEVRURRRURVAY
FiG. 1. Synaptic potentials elicited in elevator motoneurons by tegulainput <\ rrent
vary in amplitude with the phase of the wingbeat cy@esample recording; dep. EMG ] |
top trace intracellular recording of metathoracic elevator motoneunoiaidle ep. f SmV/AnA [
trace, stimulation of hindwing tegula afferents (“stim.” marks afferent volley)
monitored in nerve 1 (DL, spikes of dorsal longitudinal motoneurons; arrows 50ms
mark depressor bursts). Note stimulus-induced compound excitatory postsyn- C
aptic potentials (EPSPs) in the motoneuron and spike elicited during 6th 5 ® 2 NS
wingbeat cycle (*).B: four wingbeat periods are superimposed (with vertical g— O oy iy
offset), taking the depressor cycle as referermmtém trace digitized EMG - % '
potentials mark beginning of depressor discharge); asterisk & MNote ‘;’ v " S
phase-dependent modulation of EPSP amplit@d&PSP amplitude is plotted '-% ‘© ° o S’
vs. phase of the depressor cycle (determined from EMG); each data point g o ]
represents one EPSP: relative EPSP amplitude, normalized to the maximum = 4
value observed in a flight episode, is plotted vs. depressor phase (open 0.0-
triangles; 272 stimulus presentations, 12 flight episodes). Filled triangles, mean ro— 1~~~ 1“1 |8 ' 1'0
values calculated for phase bins of 0.1 from this data set, standard deviations 0.0 0.2 . 0.4 06 0. :
indicated; same recording as A&-C. Filled circles show data from another phase in depressor cycle
recording to illustrate the variability of changes in EPSP amplitude and the . . . . .
FIG. 2. Modulation in EPSP amplitude is due neither to flight-relat:

rather constant phase values of their occurrence. 2 < ; , . A
oscillations in the motoneurons’ membrane potenti&lsr(or to changes in

. . . . . their input resistances(andC). A: EPSP amplitude is plotted vs. membran
observations were consistent in 12 recordings, from dlffere&ﬁ e @ e »

" " g g ential (at the time the PSP was elicited, experimental situation as in Fi
metathoracic elevator motoneurons in different animalS. A andB). Horizontal line indicates average EPSP amplitude before flight (o

triangles, sample data points nea62.5 mV in all recordings evaluated)

. . . . . vertical line at—40 mV marks spike threshold. EPSPs may be larger duri

Neither cyclic changes in the membrane potential nor in th@ight motor activity than at resB: changes in the input resistance of elevat

input resistance of motoneurons account for modulation of motoneurons were examined by injection of current pulses (discontinu

EPSP amplitude current clamp mode, 12.5-ms pulses-6f nA, 50% duty cycle) during flight
motor activity. Motoneurons were held slightly hyperpolarize@ (o —3 nA)

: : ; _ . to reduce spike discharg€: relative input resistance, normalized to prefligh
Possible mechanisms of this phase-dependent mOdmatIOI{'/aﬁslfes, is plotted vs. the phase in the wing depressor discharge period (|

EPSP amplitude (se&TropucTion) were examined. First, We tiangles, data from 4 animals, 10 flight cycles each: filled circles, mean va
tested if flight-related oscillations in the motoneurons’ menealculated for phase bins of 0.1, standard deviations indicated).
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A B lated to membrane potential only at more positive potentipls
. ) (greater than—51 mV). Minimum EPSP amplitudes werg¢

3 N1C anterior  afferent | Mﬁ,j\mM‘J ’ __ observed near phase 0.9, when the elevator motoneuronf al

ready started to repolarize. In addition, maximal EPSP size yas

significantly larger during fictive flight than at rest, despite the

nerve 1 |’ - - more depolarized membrane potentials recorded during flight
’ motor activity (Fig. ). Similar results were obtained in fouf
other animals.
afferent 2 s s

about by flight-related synaptic input to the motoneurons,

might cause the observed modulation in EPSP amplitude.

| Possible changes in membrane resistance were examined b
injection of constant-current pulses during fictive flight (Fip.

ey e P - Second, cyclic changes in membrane resistance, brodight
nerve 1 | |

C D o . 2B; n = 5). We observed only minor cyclic changes, npt
u 81'0 . Wt remotely sufficient to explain the observed variation in EPEP
afferent | g ALY amplitude (Fig. Z).
| 808
f K{U\ﬂ%s . g Central arborizations of tegula afferents receive presynapt|c
" 006 . inhibitory input
JUUuuuUuy £ Y -
current  © -4.5nA Toah . i Presynaptic inhibition of tegula afferent terminals is the third
0 20 40  candidate mechanism, which may be responsible for the cyflic

time after stimulus (ms)  modulation of EPSP amplitude. Indeed, PADs were recordi&l
in the afferent axons of the hindwing tegula, near their termip&l

E F JE M. arborizations (Fig. &). In quiescent locusts, PADs occurre
control afferent../” "/~ LA g A \ spontaneously, but they were also elicited by spike activity ig
ot dep -m—m—m - - ’ - the tegula afferents (Fig.B3. A number of observations sugf g
M gested that these PADs represent presynaptic inhibitory in @lt
“stim. artifact B12.0mV (cf. Clarac and Cattaert 1996)) The input resistance of =.

5 after PCT C42mV afferents, determined by the injection of current pulses (Hi

E32my 3C), decreased by 30% during the occurrence of PADs (Fi

B.C.E200ms SD;_ n= 3).2) Ba}th application of_ PCT, an antagonist of th
F  300ms inhibitory transmitter GABA, abolished PADs (FigE3n =

Fic. 3. Primary afferent depolarizations (PADs) occur in the central asz)- 3) The re_versal potentlal of PA_DS_ was apprpmmatel?go_
borizations of hindwing tegula afferenta: experimental situation. Intracel- mV (n = 4) (i.e., close to the equilibrium potential of chlorid
lular recordings from arborizations of hindwing tegula afferents in the mefons, not shown)_4) Finally, recordings from the termina
?thora)tcic galmglior;f(rec.), ellfctric stimule(ljtion of teguladaxons inlnerve 1Gkborizations of tegula afferents in the metathoracic gangl
stim.), resulting afferent spikes monitored as compound potentials in nerv: . . . p
(rec., asterisk irC). B: PADs (open arrowstop trace3 were either related to ?éveaIEd CyC"C (':hange's n membrane pOtentlal durlng'ong.c
afferent spike activity Kottom trace} or occurred spontaneously. Restingflight motor activity (Fig. ¥). We did not yet determine if

membrane potential of tegula afferents wa$1.0 + 59 mV ( = 6). these fluctuations in membrane potential indeed reflect cy
Afferents were hyperpolarized to approximately75 mV to increase the changes in presynaptic input.

amplitude of PADs tpp trace$ because their reversal potential was close to ; ;
—60 mV. Stimulus-related PADs also occurred when the recorded affer ntln summary, these results prowde evidence that the cer|

itself was not activated by the stimulubattom sample C and D: input  terminals of hindwing tegula afferents receive presynaptic jn-
resistance of an afferent was determined by injection of 25-ms current pul§st modulating their synaptic efficacy in the flight cycle. Pre-
(C, bottom trace compare Fig. B); asterisk marks stimulus artifact precedingsynaptic inhibition is a candidate mechanism for this effect.
afferent spike in the intracellular recordin@,(top tracg. D: relative input Eurther experiments are needed to assess the actual role g

resistance, normalized to input resistance at rest, is plotted vs. time affer . . . -
stimulus presentation. A maximum decrease in input resistand6%, was eresynaptlc mechanisms in the phase-dependent modulatign o

reached~13 ms after an afferent spike dischargebath application of 0.05 Synaptic transmission between tegula afferents and elevato
mM picrotoxin (PCT) abolished stimulus-related (and spontaneous, not showumptoneurons and the functional implications for locust fliglt.
PADs within 5-10 min. Four sample recordings of stimulus-related activity
(note stimulus artifacts) in a tegula afferent are superimposed before (controljve gratefully acknowledge support of our work by U:sBker, W. Rath-
and 5 min after PCT applicatior: recording tegula afferents near theirmayer, and R. Wehner. T. Heller and C. Dittrich provided skillful technidal
terminal arborizations during flight motor activity showed cyclic fluctuationgssistance. A. Bichges and H. Wolf were Heisenberg fellows of the Deutsdhe
in membrane potential (dep, digitized depressor EMG; width of bars indicatesrschungsgemeinschaft (Bu857 and Wo466) during the experimental wprk.
burst length, compare FigA}. No spikes were discharged in the deafferented Present address of A. Bahges: Zoologisches Institut, Universitédin,
preparation. D-50923 Kdn, Germany.

Address reprint requests to H. Wolf.
rons already started to depolarize, after the interval of lea§l qived 28 May 1998; accepted in final form 1 October 1998.
depolarized membrane potential between phase 0.1 and 0.3
(approximately—56 mV). It was in fact during this interval of REFERENCES

relatively constant membrane potential that the most dramaélACSSLER U. AND BUscHGEs A. Pattern generation for stick insect walkin

changes in EPSP amplitude occurred. During flight motormoyements—multisensory control of a locomotor progrBmain Res. Rev.
activity, EPSP amplitude was consistently and inversely re-27: 65-88, 1998.
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