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Summary: Acetylcholine receptor-rich membranes from Torpedo californica con- 
tain a binding site for [ 14C1 pcntobarbital which has a dissociation constant 
of 210 + 24 uM and 1.4 + 0.18 sites per acetylcholine site. (+) pentobar- 
bital competes for this site three times more effectively than (-) pentoklar- 
bital. Cholinergic ligands decrease [ 14C] pentobarbital binding and this 
effect is blocked by pre-incubation with a-bungarotoxin. 
creases L3HI acetylcholine hinding non-cornpetit' 

Pentoharbital de- 
,-vely with an apparent dissccia- 

tion constant similar to the dissociation constant for [l"C] pentobarbital 
binding. Thus, the pentobarbital and acetylcholine binding sites appear to 
interact with each other allosterically. 

At the neuromuscular junction, the cholinergically elicited cation perm- 

eability at the postsynaptic membrane can be non-competitively :;lncl,e~l by n,sny 

coml)ounds including most classes of local and general anesthetics (For a re- 

view see (1)). The availability of acetylcholine receptor-rich membranes from 

Torpedo has enabled the interactions of these inhibitors with the receptor>- 

ionophore complex to be examined in some detail (Reviewed in (2)). Bi.ndin,g 

studies have tdirectly demonstrated saturahle sites for radiolabelled analoes 

of histrionicotoxin (3), phencyclidine (4) and a number of local anesthetics 

(S,t;), hut not to date for any general anesthetics. 

Recent evidence emphasizes the heterogeneity of inhibitor - receptor- 

ionophore complex interactions. For example, the alc<>!,ols ,ict inde~~enderltlv 

of histrionicotoxin (7), there may be two classes ot local anesthetic action 

(8) and actions of general anesthetics on the ionophore jo not always paral- 

lel those on the cholinergic site (7,9). In contrast to the local anesthetics, 

the alcohols may act via perturbation of lipills and indeed n-octanol's enhance- 

ment of ["Ii] acetylcholine binding is reversed by pressure (10). iiowever, un- 

like either the alcohols, the volatile, or most local anesthetics, t.he tar- 
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hiturates actually reduce PHI acetvlcholine binding (10). Our preliminary 

findings, reported here, suggest that this modulation occurs through a stereo- 

ine receptor- ital located on the acetylchol selective Sincling site for pentobarb 

ionophore compler.. 

METHODS 

Acetylcholine receptor-rich membranes were prepared from freshly killed 
Torpedo californica by differential and sucrose gradient centrifugation as pre- 
xsx described (13 ). A final velocity gradient step was used (12) to im- 
prove the specific activity to 2-3 I-rrnoles of [3H] acctvlcholine sites per gram 
of protein. 

[14C] Pentoharbital binding was assayed in Torpedo Ringer 1250 mM NaCl, 
5 mM KC1 , 3 mM CaC12, 2 mY MgCl2 and 5 mM NaqP04) at pH 7.0. [ C] Pentobar- 
bital was deposited from ethanolic solution Tn a polypropylene microcentrifuge 
tube and membrane suspension was added. After equilibration at room tempel>a- 
ture (30 minutes), aliquots of this stock were transferred to other tubes and 
diluted with Torpedo Ringer alone or with added agents. After 30 minutes, 
100 ~1 aliquots were centrifugeL, 3 for 30 minutes at 135,000 g on a Beckman 
Airfuge and the supernatant immediately aspirated and saved. The pellet was 
washed quickly with three 110 1~1 aliquots of ice cold Ringer and solutilized 
in 50 PI of 2115 sodium dodecylsulfate. finally, the centrifuge tube was trans- 
ferred into 6 ml of Liquiscint and counted in a Beckman LS 8000 Scintillation 
Counter. 

The effect of pentobarbital on [3H] acetylcholinc binding was determined 
by ultrafiltration as described previously (10, 11). 

All isotopicaliv labelled compounds were from New England Nuclear 
(fioston, Mass.) The isomers of pentoharbital were a gift from the Wtional 
Institute of Drug Abuse. 

rigure 1 shows results for a single experiment in which part of the mem- 

brane bound [ 14 C] pentohar'ital was displaced by higher concentrations of un- 

labelled pentobaarbital. Of a total of 42.1 nanomoles of pentobarbital associ- 

ated with each gram of memllrane protein, 140 nanomoles, or 33 percent, were 

displaceab'le by 5 mM pento1bai,l,ital. Similar results wi:re obtained over a range 

of free [ 14 C] pentoharbital concentrations from 0.2 to 10 FM. As expected for 

this weak acid (pb: 8.1) raising the pH up to cl. n reduced both displaceable 

and non-displaceable binding ir. a manner consistent with it being the uncharged 
14 

form that binds. All other barbiturates te;ted displaced [ C] pentobarbital 

binding. The order, of increasing potency (approximate ISjO" mM1 was bar,- 

bital (lO.O), butabarbital (l.O), phenohar?,ital (1.0) and thiopental (cO.5). 
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On tile other lland, the general anesthetic ketamine caused no displacement Jr,d 

:rethanb? only displaced at unphysiologically high concentrations (>lY!L mM). 

The amint? local anesthetic SKY 525a (proadifenl (displaced pento5arbital (20 

,J 14 J , Ir'ut in the presence of SO PII carbachol, which #enhances the local anes- 

the.tjc's affinity for its site about ten fold (51, d<s;)lacement was achieved 

at lower 2Y.f' 525a concentrations. Although displacement followed mass action 

iIi the former case, in the presence oi the three liqantls this was not so. 

i-1 spite of the low proportion of Displaceable pentolaarbital binding, it -. . 

proved Fbossiblc to obtain fair Scatchard plo.ts (Fi,pure 1) which revealed the 

dissociation constant to >~e 213 i 24 lip and the number Iof pentoba?l)ital. sjtc:< 

ts Lc 1.4 i 0.18 per acetylcholine lainding site. The standard deviations 

given nnly Pe-pPesent rcproducil~ility. Considel~inq the ex>erimcntal difficulties, 
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we expect non-random errors to be considerably larger. Nonetheless, the rough 

parity between the number of acetylcholine and pentobartital sites suggested 

that the latter site might be on the acetylcholine receptor protein itself. 

However, block of the acetvlcholinn binding site by a-hungarotoxin (5 fold 

excess), or of the acetylcholinesteras? site by diisopropyl flurophosphate 

(IO-'+ M), failed to change the amotint of displaceable binding. Nonetheless, 

both carbachol (SO-l,000 uM) and d-tubocurarjne (1 mM) reduced displaceable 

binding by twenty percent. This small effect was reproducible and was ahsent 

at 0.1 ~JM, but present at 3.0 UM carbachol. The suggestion that occupation 

of the acetylcholine site regulates pentobarf)ital binding (5) was confirmed in 

one experiment where 50 and 1,000 PM carbachol ri-duced the total displaceable 

binding of 225 nmoles/g by 46 -t 8.8 and 46 2 15.2 nmoles/g respectively, 

whereas under similar conditions in membranes pre-incubated with n-hnngarotoxin 

carbachol had no effect. 

Conversely, pentobarbital also reduced acetylcholine binding. In a mem- 

brane suspension where approximately half the acetylcholine receptors wer? oc- 
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cuui e:: with [ 3 Hi] acetylcholine ( [kcetylcholine Receptor ] 2 15 nM, [Acetylcholinc 

2 YcN nEI) pentobarbtital reduced the ratio ([Bound Acetvlcholine] ,‘[Free Acetyl- 

ch~~line 1) from 1.0 (control) to a plateau of 0.6 at 1 to 2 mll. ('u!e have ;bre- 

viously shotrn this effect to be caused soley bmy a reduction in acetylcholine's 

Sszociation constant (101.1 The percent of this effect achieved at a given 

->entollarbital concentration is compared in Figure 3 to the calculated percent 

occupancy of the pentobarbital site. The effect of pentobarbital on [ 3f!l - 

acetylcholine binding coincides within experimental error with the expected 

~iccupancv of its site. Thus, occupation of the pentohark~ital site appears to 

regulate acetylcholine binding to its site. 

A small quantity of the (+i and (-1 isomers of rentobarbital was avail- 

able to us. These showed weak stereoselectivity in displacing [ 14 Cl (i) pentc)- 

!#ar',ital with the (+) isomer having an 1~ 50 slightly lower than that Iof the 

racemic mixture and the (-1 isomer bein,e ahout three times leas potent (Figure 

1). 'The relative ability of these isomers to alter [31!] acetylcholine bindink: 

pdx'dllC?lS their affinity for the prntoharhital site. 

:iux' data demonstrate that there is a saturable bindin? site for pentobar- 

bit-31 in acetylcholine receptor-rich membranes from Torpedo californica. The 

liissociation constant of pentolarbital for this site is from one to two order:; 

(of magnitude !ligher than anv Flreviously renorted for radiolabelled ligands in 

excitaI8le ti::sLies. 

Several lines of evidence suggest the barbiturate site is on a Trotpin, 

pr'obab'ly the receptor-ionophore complex itself. First, the pentobarhital 

!,intiinF site exhil-,it: weak ster?oselectivitv, although a -,riori th:s does not - A.--- 

rule out stereosvccific drug-lipid interactions (13). cecond, the ratio of 

pentobarbital sites to acet.qlcholine sit-es is close to unity, su~eesting these 

:;ites are r;ri the same protein complex. Third , tkc reductioil 5oth of [ 14 
cl 

;>enti~l.aPl ital tindinc by cholinergic ligands in an rz-FxntTarotoxin ::en.:itive 

maTlp.eT, an<1 of ['%I acetylcholine and i3H] d-tuhocurarine binding bv pento- 
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barbital (IO) demonstrates (Figure 3) that the sites are sufficiently cour,let! 

to exhibit mutual regulation and are thus probably located on the same protein 

complex. 

All other barbiturates studied to date interact with the pentobarbital 

site suggesting it acts as a barbiturate receptor. However, it is not a 

general anesthetic receptor hlecause ketamine does not interact with it and 

urethane does so only very weakly. We have not yet teste,? volatile anesthe- 

tics for technical reasons. On the other hand, a relationship between the 

barbiturate site and the previously described local anesthetic: site (S) is 

suggested by the SKT 525a displacement of [ 14 C] pentobarhital binding. 

Furthermore, the stoichiometry of the two sites is similar (4,14,15) and therlf 

is an isolated report that amobarbital displaces [ 14cI' ] meproadifen h,inding 

(7). However, the mutual regulation between cholinergic hintiinp, and !,arLit 

urate binding is in the opposite direction irnn that with most aromatic amine 

binding. This is not incompatible with the sites being identical (i,l5), hut 

it does empllasize that the nature of the allosteric interaction hotween the 
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carbachol stimulated catlIon efflux from Torpedo caljfornica mem.b,rane yeslcles -___ 

with an spI)arrnt LIissociation constant (of 2i u!.l is?). One simple ieq,lanation 

for tllis hiTher> affinity coul!i be that when the rece?tcr-ionnphore complex 

unGer F,Ot=Z a transition from the resting to tfic trancjent onen conformation, 

lht: 1:arl~iturat.e site changes conformation in concert such that its affinity 

<or pentotarbital is trdnsiently enhanced by an order of magnitude. Electro- 

ph:qsioloTical 'data. also support a model w!lerc liarhiturate binding favors the 

open slate of the receptor-ionophore complex (17). If this is so, then the 

IIarbiturati srte we have demonstrated would be intimately involve,3 in the 

function of- the cholinergic receptor and its ionnphore. Whether this site 

also has a physiological role, perhaps interacting with endocenous pyrimidines 

01% similar comnounds, remains an open question. 
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