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Desensitization is a property of the cholinergic binding re-gion of the
nicotinic acetylcholine receptor', not of‘ the receptor—integral ion channel
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The reversible acetylchaline esterise inhibitar {~ )-physostigmine (csering) i3 the pralotype of & new cluss of nicatinie acetylcholing receptor

(WACHR) ugtivating ligands: it induges cation Nuxes inte nAC hR-rich membrane vesicles Fron 7nrpw!n maerosand eleclric tissug even under condis

lions of untagonist blecked sicetylcholine binding sitzs (Okonjo, Kuhlmunn, Muclicke, Neuron, in press). This suggests thitl esering Sserts its chan.

nel-actvaling property vin binding sites ut the nACIKR separate from thede of the naturtl transmitter. We now repert that ¢sérine cun setiviite

the channel even when the receptar his been prcnncuhulcd {dexengitized) with elevaled concenlritions of neetylcholing. Thus the eanformuational

stale of the receplor turrespomhlm v desensitization is confined to the trnsmitier binding region. leaving the chunnel rully uelivatable = albein
. only from ather than the trinsmitler bmdmg site(s). ‘

Nucounu. ucetylcholing rcccmcr Acelylchaling: ﬂ'iled cation channel; Desensmzntmn.lon Mus; Curb.mme, Physusugminc Eserine;
. ‘ Antichalinesterise ‘

1. INTRODUCTION:

In the prolonged presence of agonist, a slow transi-
tion of the nicotinic acetylcholine recepior (NnAChR) to
one or more inactive, and only slowly reactivatable
states takes place (1-4], The rate and extent of this
‘desensitization’ ‘depend on the nature and concentra-

“tion of agonist applied, and there exists a large body of
experimental evidence suggesting that desensitization is
related to an increase in affinity of the nAChR for
agonist {5-9], There is evidence that reaction of the

' receptor with at least two molecules of agonist is re-
quired to induce channel activation and desensitization -

[4,10], yet that channel activation is not a prerequisite
for desensitization {11]. Noncompetitive blockers such
as local anesthetics increase the fraction of receptor
desensitized by submaximal doses of agonist [12).
Agonist-induced ion flux into closed membrane
vesicles from Torpedo electric organ is characterized by
‘kinétic phases resembling those of nAChR activation
and desensitization: a rapid phase of flux onset is
followed by at least two phases of flux decrease
[8,13,14]. The time course of flux decrease correlates
with the increase in affinity of the receptor for agonist

determined with the same preparation. Thus, ion flux

studies expose major properties of the process of desen-
: smzauon.
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By means of rapid ion flux studies, we have recently
found [15] that the reversible acetylcholine esterase in-
hibitor (—)-physostigmine (eserine) is capable of induc-
ing cation fluxes into nAChR-rich Torpedo membrane
vesicles even when the binding sites for acetylcholine at
the nAChR are blocked by saturating concentrations of
antagonist such as D-tubocurarine, a-bungarotoxin or
ihe monoclonal antibody WF6. Since eserine thus must
exert its channel-activating effect from site(s) separate
from the transmitter binding sites, it was interesting to
analyse whether it can also induce ion flux into mem-
brane fragments preincubated: (desensitized) with
elevated concentrations of acetylcholine,

2. MATERIALS AND METHODS

nAChR-rich membrane vesicles were prepared according to Duguid
and Raftery [i6], with the minor mndification described by Reinhardt
et al. {17). Following sucrose grudient fractionation, the fractions
with the highest concentration of DAChR were pooled, diluted with a
10-fold excess of ice-cold distilled water and ceéntrifuged for 30 min at
18 000 rpm in a $8-34 rotor. The pellet was resuspended in 300 mM
NaCl, 10 mM Hepes, pH 7.0, and stored at ~ 80°C. The receptor con-
centration of the suspensxou was generally of the order of 17-20 uM,
in terms of ACh binding sites, at a protein concemrnuon of 10-17
mg/mi,

lon flux studies were performed according 1o Moore and Ra’; .ery
{18] except that 1,3,6,8-pyrene tetrasulfonate was used as fluorescent .
dye, and Cs* was used as heavy metal quencher instead of Ti* [19].
Loading of the membrane vesicles with dye was achieved by three
cycles of freezing and thawing, Excess dye was removed by passage
through a column of Sephadex G25 (coarse) equilibrated with ‘Na-'
buffer' (300:mmM NaCl, 10 mM Hepes, pH 7.,0), the elution time being
approx. 13 min. The eluate was thén made 50 uM jn the esterase
blocker tetram. The receptor concentration of the vesicle suspension,
after passage through the column, was of the order of 1 pM ACh bin-
ding sites. . ‘ . ‘
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_ Alilquols ‘of he vesiele miwhﬂbn were rapidhy mixed v o '

HighTeeh SF-51 MX viopped:llaw Quorimeter with ¢qual velumes of
“Cibulfer' (300 mM CeCl, 18 MM Hepes, pH 7.0) with or whhoul e
civating ligand, Ex¢ltution of Muoreveence was aeieved by i 340 W

~¢non/halogen lamp. The fight waus pasied thraugh g Sehore UG 11

UV braad-band filrer before reaching the cuvet. A Schotl KY 19
Vilter, placed between euvel and phalomultiplier, wasemplayed toab.
sorh any exciting light reaching the photemultipher pathway, A/D

conversion and ¢elleetien af signdis were aghieved by & personal ¢onn
puter cquipped with a Sereux Madular [V card; The reportad kinade -

wracex were each averaged from al least Tive independent experiments.
lon Nux studies were perfermed at [9.6°C within 90 min after
loading of the vesieles with' dyve. Preineubation whly ACh was pers

formed whh dye-Toaded vesicles for 13 ming preineubsition with
neuratosin was performee avernight prior ta leading the vasicles with

fluoreicent dye, All experiments were pesfermed |n the presence of
the ¢sierase blocker tetrany which itsed (dd nor shew any activity
tawards the nACHR,

3. RESULTS

Fig. 1 exemplifies the channel-activating action of
eserine “under conditions of antagenist-blocked
cholinergic sites. The two upper traces were obtained

after dye-loaded Torpedo membrane vesicles, prein.

cubated with saturating concentrations of a-bungaro-
toxin (@BTX), were rapidly mixed with Cs-buffer in the

Fluorescence fa. v.}
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Fig. 1. Eserine-stimutatéd Cs* influx into membrane vesicles from
Torpedo marmorata eleciric organ, (Upper traces) Membrane vesicles
(10 nmol of ACh binding sites) suspended in ‘Na-buffer' {300 mM
NaCi, 10 mM Hepes, pH, 7.0) were pretreated overnight at 4°C with
100 omol of o-bungarotoxin, - loaded with 1,3,6,8-pyrene
teirasulionate and washed as described in section 2. The vesicle
suspension was then rapidly mixed with an equal volume of
acetylcholine in “Cs-buffer' (300 mM CsCl, 10 mM Hepes, pH 7.G}.
The ACh concentration after mixing was 20 xM. The change in
. fluerescence (arbitrary units) was recorded as a function of time (ms).
The observed slow decrease {n fluorescence (trace 2) is identical
(within the range of esperitmental error) to the sporntaneous equitibra-.
tion of Cs* between extracellular spacé aid cytosel in the absence of
channel-activating ligands (trace 1, ‘leakege kinetics'). (Lower trace)

Same experimental conditions as above except that acetylcholine was
" replaced by eserine (200 M after mixing). Each trace represents the

average of 5 experiments,
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absence (trace 1) or presence (irace 2) of 40 uM |
acetyicholine. Trace | represents the ‘leakage kineties'
of the vesicle preparation; trace 2, which is indis-

tinguishable from rrace I within the range of ex-
perimental ¢rror, is evidence of pracrically complete
blockade of the chalinergic sites by oBTX. In contrast,
when the Cs-buffer was supplemented with 400 M
eserine instead af acerylcholine, rapid mixing with
membrane vesicles pretreated with «BTX resulted in
strong and rapid quenching of the fluorescence,
demonstrating that eserine-induced Cs-influx can take
place even under conditions of blocked cholinergic

sites,

In the second set of experiments, exempiifiad in Fig,
2, the dye-loaded membrane vesicles were prctrcnted
with an overdase of the natural transmitter prior to
rapid mixing with Cs-buffer, Under these conditions of
ACh-desensitized nAChR only leakage Kinetics were
observed independent of whether the Cs-buffer con-
tained acerylcholing or not {traces | and 2 in Fig. 2). In

‘contrast, when the ACh-preincubated membrane

vesicles were rapidly mixed with Cs-buffer contanmng
eserine, ‘flux kinetics' characterized by strong quen-
ching of fluorescence were observed. The total ampli-
tude of fluorescence quenching achigved by the concen-
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Fig. 2. Eserine-stimulated Cs* influx into - Torpeds membrane
vesicles containing desensitized nAChR. (Upper traces) Dye-loaded
membrane wvesicles were incubated for 15 min  with 200 uM .
acetylcholine followed by rapid mixing with an equal volume of Cs-
buffei with or without 100 xM acetylcholine, Only the slow kinetics -
of spomaneous Cs* cqullibration were observed (traces 1 and 2) sug-
gesting that in the ACh-preincubated sample the majority of channels
remained closed due to desensitization of the nAChR, (Trace 3) ACh-

‘pretreated membrane vesicles were rapidly mixed with 1.84 mM

gsarine (instead of 100 sM ACh) dissolved In Cs-buffer. (Trace 4)

" Same experimental conditions except that the membrane vesicles were

not pretreated with acetylcholing. The observed rapid kingtics of Cs ©
{nflux (rrace 3) suggest that eserine activated the nACHR chatinel even
~though the nAChR was ‘desensitized’ by acetylcholine.
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tration of eserine npphed was oniy sllgmly smallcr

{trace 3) than with membrane vesicles thut were not

“pretreated with ACh (trace 4). We do nol know whether
-the decrease in total amplitude is due to limited com-
petition. between acetvicholine and the carbamate or
whether the conformationn! change of the nACHR. ae-
“companying desensitization by ax.elylchnlme also af
ferts, atbeit to a very hmiled extent, the eserine bindmg

site(s).

4. CONCLUSIONS

The data of Fig. { clearly demonstrate that the car
“bamate (~)-physostigmine (eserine) is capable of ac-
tivating the cation channel of the nAChR from
Torpedo marmorata. even under conditions of
antagonist-blocked chalinergic sites. Neurotaxing (e.g.
o«BTX, this study) and competing antibodies (e.g. WF§,
se¢ [15]) are particularly well suited for these ex.
periments as the half-lives of their complexes with the
receptor are of the arder of many hours [20,21]. In con-
trast, the compicxcs of the receptor with acctylch_olmc
(and its low molecular weight agonists and antagonists)
have hatf-lives in the subsecond to second time range
[5,7,20,22]). It may therefore be argued that the
channel-activating. effect of eserine under the ex-
~perimental conditions of Fig. 2 could be due to disp/ace-
mment of acelyilcholine (followed by activation from the
transmitter binding sites) rather than to activation from
independent site(s). Inview of the similarity of the
results depicted in Figs 1 and 2 this appears rather

unlikely. Furthermore, the data of Fig. 2 clearly show .

that preincubation with ACh rendered the channel ‘in-
activatable’ by ACh and its agonists. Consequently,
displacement of ACh by agonist, should it indeed occur
in appreciable amounts, does not suffice to render the
channel activatable again, i.e. to remove desensitiza-

tion. Thus, the mere fact.of activation by eserine of the.

ACh- desensmzed nAChR (Fig. 2) is evidence for an ac-
tion of eserine via separate binding site(s). It is very pro-
bable though that under the conditions of desensitiza-
tion, such as those employed in the experiments of Fig.
2, the cholinergic sites remain occupied by agonist, as
the half-lives of receptor complexes with. ACh (and its
" low molecular weigh: agonists) increase by orders of
magnitude in the course of desensitization
[5,8,13,14,22].

In summary, our data show that the desens1t|zed state
of the nAChR is not associated with an ‘inactivatable
channel’ [9] but rather that only the pathway of activa-
tion via the cholinergic sites is inhibited, Consequently,
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lhe conformanonnl transition ac.!:ompanylng descn-

sitization by ACh (and its agonists) does not involve the
receptor-integral ion channel and henee is canfined 1o
anly the cholinergic binding region, This reglon has

-recently been shawn to be a rather Jarge surface region

af the receptor's a-subinit formed by i least two

discontinuous sequence segments [23].
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