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SUMMARY

GUYENET, PATRICE, LEFRESNE, PIERRE, RO5SIER, JEAN, BEAUJOUA N, JEAN CLAUDE,

AND GLOWINSKI, .JACQUES: Inhibit iomu by huemichuolinium-3 of [‘4Cjacetylcliolinue synthe-

sis and [3Hlchoulino’ highu-affinity uptake in rat sf.riatal synaptoostonies. Mel. P/oai’macol.

9, 6:30-639 (197:3).

Hemichiouliniuni (HC-3), a neuromuscular blocking migent which inhibits the synthesis ant!

flue relo’asc ouf acefylchioline (ACh) was investigated four ifs effects hot Ii omi [‘4CJACIi synthesis

froom �2-m4C�pyruvafe cur [6-’4C]glucose amid omi {3H]cholimie uI)take in purified rat striatal
svnaptousomes. The symithesis of the fransniitto’r was reduced to 15 #{182}�of comufr(ul by 1 pM

HC-3 in flit’ presence of eso’rine (170 pul). The drug pro)duced half-maximal imuhiibifioon at

0.06 pun; this o’ffect was totally reversed by 30 pun chiolimie. Cholimue concentrations as low

as 10 pun stimulated significantly the synfhuesis of [14CJACh in a diluted suspemision of synap-

to.somo’s. The existemuce of a higli-affimuity uptake system four chuolimie, recently ohso’rved by
Yamamura and Snyder, was coonfirmed in our preparati(un: if s Km was found to he :3.5 pun.

Eserimie (170 pun) produced oun!y 10 % inhuihitionu of flue uptake proco’ss in tlio’ pro’semuce of
1 put choline. HC-3 was found to he a purely counipetitive imihibif or of f he cholimie high-

affinity uptake (K� = 25 nui). A very good coorrelaf ion was ftound between flue inhibitory
effects of HC-3 on [14C}ACh symuthesis and on [#{176}H]cholinuehigh-affinity opt ako’. The results
suggest thuat the high-affinity system for the tramisport of chohinie is present imu chohimiergic
synaptosomes and plays an importamit roule in sustaimuing amid perhaps regulating the syn-

thesis of the transmitto’r.

INTROI)UCTION

Hemi (lit ulinuium-3, anu agt’nf prooducinug
rospirafory paralysis and ganghioon blockade
(1, 2), iuuhibifs the synthesis tof acetyl-
cliohino’ in vitro in cemutral (3-7) mis well as
itt po’riphut’ral (2, 4, 5, 9) uuo’rvouus tissues.
As shiowuu initially by Schuuo’lo’m (1), the
fo)xin action of the drug (an be prevenuted

This resemorelu was suppoou’ted by grautts froonu

INSEI1M, be Cemitre Naliomual dc Recherche
Sciemilifiqome,amid ba Soci#{233}to�des Usimies Chimitio1oues

Rhu#{244}mme-Pouleuic.

by fhuo’ mudnuinuisfrmitiouu of choline; in fact,

this pro’oursor ouf AChu prevouuf.s flue in-
hibitio oiu oof fraiusmiffo’r syuufhesis induced
� HC-:3 (2, 4, 9). A carrier-m(’diafed frans-
pourf. system for the uptake of chohimie was

do’momusfrmufed mu brain slices (10) mind in

various syniaptousome-ricli fracthons (11-15)
obtained from uvholo’ brain our cortical
areas (K,,4 � 60 pun). Rocenfly Ymuniamura

and Snyder (16) described a so’comuo! cholimue

�Fhie abhorevi mit 1(oti5 oused are AChu, acel vb -

choolimie ; I 1(’-3, huemuiichoobiniomnu-3.

6.30
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uptake system imi a syniapt ousoumal fm’muction

of rmut striatuni, ohianacterizo’tl by its high

affinity (Km = 1.1 pun). i\Iooro’ou�-er, at these

low co)mico’nfrmitio otis, ohuouhituo’ taken up in

svmiaptostunio’s is miltuioost ooiuipletely ton-

verfec! itutto AChi (16). Thit’ livpoofhesis ouf

ctompo’tifio)mi bt’twt’t’ti HC-3 and o’liolinio’

at flue muo’urounal nienibratuo’ level was first

prcupc)sed by Mao’Ititoosli et at. (4). HC-3 was
itidet’d fouumit! to) imuluibif low-mtffinifv choline

fratusporf in braini shot’s (10) atid iti variouus

synaptosonial i)r(’Paratiohus (7, 12-15).

Tlie i)l’t’semif study wo� unidertmiken too

examitie simultaneously fhi(’ o’ffo’cfs of HC’-3

on AChi syuufhesis mint! omi tluo’ oliohimue highu-

affituity uptako’ system mi mi juinrified synap-

tosommul pno’parmitiounu obtaimuo’t! frotn rat

striafum, a region iuf flit’ lurmuin espo’oimilly

rich in o’huoolinen’gie structures (17, iS). HC-3

itt vo’rv bow o’ono’o’nifrmutio otis (10-100 nun)

wmos founol to inhibit both Pt000(’sso’s. Tlio’st’

ro’sulfs sup�oourf the view flumut ohiohinuo’ trmins-

I)oIt I)lmuys mm iluul)tiItalut i’o olt’ mu flue hio-
synuthuo’sis tuf ACIu.

C/icon ica/s

MATERIALS ANJO METIIOJI)S

[2-t4CjPyruyic mucitl (10-20 mCi mniolo’)

was 1)ltm’t’himust’Ol from (‘oiuunuuissmuiiat a l’Enier-

gie At onuiolue, Frmunioe. [aeet#{176}jl_#{176}H]&Chi(hubto-

ride (250 mCi/mtuuole), inet/oy/-#{176}HJo’lioohitue

chloride (17 Ci/ mmoie), mutud [6-’4(’]glueose

(45 mCi/mmole) wero’ joroovided by tho’

Iladiochio’tuuicmil Cent mc, Atuuerslumi nu, Ut ig-

lmind. Esernue salicylafo’ wmus obfaituo’tl froum

Signia Clieniic’al Coutiijomoniy, mutut! lietuii-

chohiiuiutii-3 fm�otui Alt!iiolu-Iutt opt’ (l3eo’t’so’,

Belgium).

I#{176}re/)al’at iofl (if �“triatal o’OJ)i (1/)to.sOl/les

\Iale (‘humurles River rmits wo’ighuitig 200-

300 g wero’ killed by a bbouw on tho’ nt’t’k fool-

lowed by do’capitmition. Thom brains �

immetliat o‘by m’eniovo’d mint! (hsso’o’fo’d mu t Ito’

cold at 40 with glass mauiiptnlmufoors umic!em a

dissecfiiug tuuio’rosdopo’ (19). Eaohi animmul

yielt!ed 100 nig (fresh wo’iglif) ouf sfiimttmil

tissue, mind a toufal oof 15-30 rats was uso’d
fooi o’ao’hi o’xpt’rituio’nt. Syitmopt 0 osOhii(’s (B I’mae-

f i on) wo ‘nt’ f huo’n preparetl muecording too f ho’

niefhioud ouf Grmuv and Whitfmuker (20) mis

niioc!ilio’ol by Israo’l mutud l’rao’luounu-i\ lust our

(21) ; band B of flit’ discontituuuus suortoso’

grmidit’tit w.as olihinfed uvithi miii t’qumol voulumno’

of u�mufer mind c’t’tutrifugo’d at 25,000 X �i It or

:30 n-iimi. The s�’iimiptosootuimil I)(’llet u�mos m�o’-

sitspeiidt’ol mu vmirious voolttnio’s ouf mu stand-

mird pliysioologio’mih nuetliittui (NaCI, 136 iuium

1(Cl, 5.6 nun ; XmuH(1( )�, 16.2 tuuun ; NmiH�P() �,

1.2 minI; \1g(’l�, 1.2 muuxi; (1mu(’l2, 2.2 tuuun).

Clioohino’ muo’c’tylfnatisfermuse (l’C 2.3. 1.6) mutt iv-

if:’0’ was estinimuto’d oh mitu muliquot by flue

tuio’thuoud (of 1o)tinutui (22): this vmuhino’ wmts

inso’t!mis mm iutdo’x oof thuo’ nintuiluor ouf itutmoct

o’huohitiergio’ sylimi�)t oust ohio’s l)IO’st’hIt in tmu(Ii

inc’ubmifion tithe. �fhue muo’tivify �vas fouund

too ho’ 0.20-0.35 pluit)bO’ oof AChi po’m hour Jot’h’

sminipbt’ (0.3-0.5 tug oof lon’tofeilu).

,‘o’ij�t/,e�i.’� J�.opei’iiiients

_hIet/ool. hit’ svtumojut oust otuimul I)(’llt’t oh-

tmuitueci from 3 g of strimitmil fissiue (iiiitimil

\V(’f weight) \\mos ro’suspo’n(led! in 9-15 tuil oof

flit’ 00 old sfmihi(lmir(!phivsioolougiomul tuio’diuni,

mitud esenitut’ (170 pM) mtn(1 [2-’4C]pyruvmoto’

ton f6-’4C}gbuo’ooso’ wo’rt’ thuo’timuolded. Alio1inoots

tot’ this sytimupt o ostummol susIl)elisituhl (0.25-

0.50 ml) wt’re itufrudinoo’d infou smmull glmoss

tubes (12 nil), muut! oluoohimio’ mind HC-3 �

mothded (0.1 nil). Emuch fubo’ to omifmuitio’ol :37

pCi ouf �2-’4(’�p�rui’mut 0’ 001 [6-’4(’jgluot se.

Tho’ inieinbmuf ion was omornio’t! out mit :37#{176}

untlo’r mu coitustant stro’munui oof 95 ( )� 50

C()� iti mi J)itbnofI nuo’tmuhoolio’ shumiko’r mutud

was stooppo’d by mitbolitig S nub tof ioo’-ooohl 10

nuun soodiutiu Iohtoosphimoto’ Ioiiffo’m, pH 7.2. This

s(olutioon, mis u�eI! mis mimi mudditioonal S nil oof

flit’buuffo’rInso’(ltoo rimiso’thuo’imioubmitioomitube,

was rapidly tt’moiusfen’no’tltoo mu 50-muul Soorvmtll

SS :34 fnnloo’ coonitainitig 6 tub ouf mu soolutioun oof

tt’tmmtphio’iivlluton’oii in t’thyl lutntvl ko’toonio’

(3:3 mg nil) mint! 25 ph of Iaeety/-h1]AChi

(5 tiCi ) mis mimi itito’rmimil ro’couvo’ry stmumi(lmuF(1.

Tlio’ t tnloo’s wt’ne slumikenu toon 5 huh motioj oo’n-

fmifugo’ol f’oor 5 nih mit 25,000 X �j iti mu Sour-

u’mull HC2-B o’o’titriftngo’. live nuillilito’ts oof

flit’ ourgmuiiio I)llmist’� mooldo’tl iti oootuicmul

glass tubo’s to oiutmiinitug 0.5 nil oif 1 x HCI.

Affo’r shaking and oo’iifrifugmutiomu, 0.4 ml

oof tbto’ muoidio phiasc’ ivmus tratusfo’rro’ol intoo

tolitit itig vimuls. All results �‘to’ t ortt’cfeol

usitug flit’ blmunk vmuhno’s obfmuined itu flit’ mulo-

so’iieo’ ouf itieuhatioonu mit 37#{176}.

�“/)e(’l/i(’it// of tee/on iqooe. Too mmuko’ sort’
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that [‘4C]ACIu wmis liofallv exfracto’d liv the

fetrapho’nylbo oromi-ef huyi 1)utyl ko’f omit solu-

tion, this prooc(’duro’ was ooumparo’d with

flit’ classical t richloraco’tic mucid o’xfracficun

method. At the end of fho’ imucul)ation a
0.25-mi ahiquouf ouf synapfousoumal suspension

was treated as previouusly do’scribo’d. A

secounutl 0.25-nil aliquouf was addo’d to) an

equal vt)bumo’ ouf friehliuract’fic acid (10 #{176}�

w/v) conutaituinug [aeety/-#{176}HJACIi (5 nCi) mis

an inufernal ro’o’ovc’ry standard. After stand-

mug for 1 hr at 0#{176},flit’ friclilouracetic acid was

o’xfracfed with ivaf o’r-saf urato’d o’fho’r until

pH 4 was ro’ached. The atiueous soulufiomu
was then added too 34 ml oof 10 mun sodium

phoosphafe bufft’r (pH 7.2), amid ACli was
furtho’r isobated as do’scriho’d ahoove. Thuc’

‘4C rmidioacf mvmties ro’covero’d in f ho’ acid

phaso’ usnug fht’se twoo l)ruo’o’sso’s wt’rt’ fho’mu
compared.

To identify further fhuo’ nature ouf fho’

‘4C radioactivity recovered imi flit’ HC1

phase, a 0.2-ml ahiquout (of this soulutioun w�
prouco’ssed four thin-layer churumat ougraphy

(23). Tho’ rmudiouacfivity at the level ouf the

ACh spot was measured as do’scrihed pre-

viouuslv (2:3) anud c(umpared with thumut found

in flit’ rest (0.3 ml) ouf flit’ HC1 pluaso’.

Measureinen t of’ specific rathoaetwity of

newly syflt/oesiZe(i AC/i. The specific radioo-

activity tof thuo’ transmitter nuo’wlv svnufhe-

sizo’d froum (2- ‘4C]pyruvat e was mt’asured

usimug flit’ nietho)d already do’scribo’d four

striatal slices (23).

Uptake E.rperinients

The svnaptousomal pellet oubtaimued froom

1.5 g ouf striatmul tissuo’s (initial wet weight)

was resuspendo’d in abouut 40 ml tof the cold

standard physioulogical medium, wluich in

some cast’s o’oonfaitued 170 pM eserine. Por-

fions oof this stuhufion (0.9 ml) were plated

iti 15-mi Sorvall SM 24 polyethylene tubes,

which were then incuhafo’d at 0#{176}(blank) or

at 37#{176}for 2 niini unudo’r 95� O2-5� CO2

mu a Duhnoff metal)o)hic shako’r. [met/i yl-3H]

Choline (0.5-2 pCi; 0.1 pun-i m� final

cooncentrafion), mi a volume ouf 0.1 ml, was

then added fco o’ach tube, and flue incubation

was coontimiued for 1 mimi at 0#{176}(blank) or

37#{176}.Thuo’ imucuhafiton was sfoppo’d by adding

S ml ouf the ice-cold imucuhafion medium,

aiid flit’ tubo’s \V(’t’(’ o’o’nutrifugo’d at 25,000 X
1/ for 5 mimi. The futal I’adioacfivit\- used

iii o’ao’hu assay was o’stiniafo’ol in flit’ super-

uuafanut fractiotu, whiiohi was thou o!isoarded.

After a gentle wash with 2.5 ml tuf the ice-

could itutubatiomi nietliuni, flit’ l)o’llet wmus

sobuhihizo’d with 1 nil ouf Tritcun X-i00 (1 �

il-i wmiter) aiud ko’pf ovo’rnighif mit roouni

temporafuro’. Finally 0.9-nih ahioiuots ouf

tIc’ Trifoon solufiootu wei.e transferro’d too

counfimug vials.

Railwactu’ity estiinatuyn. ‘ho’ radioao’ -

fivity was o’sfimato’t! wit hi mu Packard Tn-
Carb liquid scintihimuf ion spo’o’trometer. Pack-

mird Itustagel was uso’tl as flit’ met!ium (10
ml vimul). All analyst’s po’rtaiiuing too (‘aOhi

expt’nimc’iif wo’ro’ perfournuo’ob si mulf muueo)uslv,

munud thio’ valuo’s oobfaint’d wo’ro’ coomro’c’to’oi

ft)r respective recouvo’nies. In stumo’ o’xpo’ri-

mo’iufs flit’ statistiomul sigtuificamice oof flue

ohso’rvo’d oliffo’ro’noes wmis o’milcuhated by

Sfudo’nt’s t-fesf (24).

RESULTS

[14C]A C/i Synthesis from [2- #{176}CJPyrmate or

[6-14C] Glucose in Rat Str iatal �SoJnapto

Smiles

[t4C]ACh svnfhesizo’d at 37#{176}from [2-t4C]-

pyruvmut e could ho’ co oniplo’f o’hy o’xfraofo’d

froum stniafal svnapf osoumo’s by simphe
shaking in f ho’ Pro’so’nco’ ouf an o’thuyl hutyl

ko’t cone so uluf 1(uti of f t’fi’mipho’iuvlhoot’ooii (Tmiblo’

1). Itut!o’t’t!, flit’ [14C]AChu reo’tuvery was

itidcntieal with that oohtaitictl by flit’ olassi-

cmii f rioluloraoet io acid o’xf ract 0)11 mo’f hod.

The hhmunk yahoo’ obtainuct! by incubaf loon af

0#{176}is shouwn in this tablo’ and was roufinio’lv

subfraeto’d in flit’ results desoribt’d ht’louw.

The 14(1 rathiomuo’fivify measuro’ci in flue

HCI phase after olissoo’iation ouf fho’ fo’fra-

plit’tuylboron 00 umplo’x was coinsidered fo
be duo’ to lahelo’d AChu. When synapfosomes

were inicubated in tho’ presence ouf o’senine

(200 pul) and eifhuo’r [2-’4C]pvruvato’ or

[6-’4C}glucose, iiou significant difft’rc’nuce was

observed hefw’eo’n flit’ ‘4C radiouaotivitv

measured in HC1 aiud fluaf found in the

ACh spot on thin-layer chromatography

plates (Table 2).
In tho’ presenuo’e of c’so’rine (200 pun) aiuc!

[2_t4C�pynuvafo� total ACIu synthesis, meas-

ured liv the inucrease in ACh in tissue and



Incu-

luation

time

fun

10 2

20 2

:30 2

40 2

50 2

fit) 2

15

[2�i4C]PyriivaIe

[t’o-’#{176}C}(iloiccose 981 ± 26 1,002 ± 54
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T.�iiLE 1

Exlraclio,o of 114C]A (‘h .s’ijn I/oe.size(i from [2_14C1_

pyroi ale in sirialat synaplos000es

Strimital synaptoostonues were imicubated at 370

foor vam’io oils periouds imu the presemice of cho)Iimte (2.6

muiui) amid (2-’#{176}Clpyruvate (5.4 mum, 8.8 .oCi nub).

The suspension was thuemi extracted either with
trichboiracetic acid (5� ) oor directly by sluakiitg

imi the presence oof mi soobontioomi oof tetraphetuyhboooroomi

imi ethvb hutyb ketoone (see �i.�TEitt�I.s .�Nmo

ME’TmttuioS). i4C raditoactivitv recovered imi IICl

was then nueasured imi 1)00th cases. The values mire

ruueans ± stami(lard errors of four determuuinat ioons.

Incu- ‘I’richboracetic acid No trichboracetic acid
bation extraction extraction
time �-

I otab Minus
radioactivity blank

- - - --

Total Minus
radioactivity blank

;nin dpm dpm dpm dpm

0 94 ± 32 0 398 ± 50 0

10 1657 ± 103 1563 1920 ± 35 1520

20 2300 ± 140 2200 3060 ± 140 267()

30 4000 ± 130 3910 3830 ± 150 3430

40 4767 ± 166 4670 4690 ± 70 4230

50 5517 ± 301 5420 5370 ± 120 4970

60 5580 ± 420 5480 596() ± 270 556()

in the itucubafioomu medium, � idetutical

usimug cit lien fhuo’ bo’o’ohu dorsal muscle our the

nadiomo’fnic to’chiniquo’ (Table 3). Itu flit’

latter case the amount svtuthesizo’d (numituo-

moult’s) was cabcuiafo’c! by assuming fhmut

flit’ sp(’(’ific nadioumiotivify ouf the tuewly syn-

thuo’sized ester wmus o’qual too that of flue addeol

preourstur.

Effect of HC-�3 010 [i4(’J.l C/i Synt/oesis

Stniatal synaptouscunit’s were ituo’ubated four

15 mm in f ho’ pro’sence ouf 5.4 mun [2-14C1

P.\’rUvafe amid 170 p.O o’seninio’.Finumul conceit-
trations of HC-3 ratugo’t! froom 10 tuum too �3

mM. HC-3 inhibifed tootmul [‘4C]ACli syttfhue-

sis (tissue plus medium) evetu mit 10 hut,

with half-maximal imuhibifioun ouccurritug at

60 miun. The hloockinig o’ffo’cf oof fluo’ drug ootu

[i4C]ACli synfhuo’sis tuevo’r exoo’o’ded S5 �

o’vt’ti ivhetu ifs o’otuct’tttratioutu was raiso’d

to 3 m�n (Fig. 1). Similar ro’sulfs were oub-

taitied wlio’nu svnapf ouso unit’s wo’ro’ inoubat o’d

four :30 mm ; hoowevo’r, HC-3 fhuo’tu appo’aro’d

slightly moore effeo’tive.

Siruco’ flit’ sj)o’cificify oof flit’ isoulafioun pro-

ceduro’ used four flit’ o’sfinumufioun of [t4CJACIi

TAHI,E 2

Spccofi (‘ii!, cof iso)lali010 proo’eolooco for ‘#{176}CIACh

synlhesis from [2-’4Cjpyruo’ale or [6-’4Cjgloicose

Striatab svmialotosoomes were imocuh)mtted for

various perioods at 370 � the presemice oof choobimie
(0.1 nut), eserimue (0.2 muuui),amid 2-’#{176}Cipyruvate

(4.6 nu\1, 12.1 MCi/mull) oor (6_i4C�giucoose (1.5 muuuu,

3.2 ,2Ci ‘nub). The radiooactivity in the hiCi phase

was cooumuted oomi mo sanuple, mumid the reriiaini mig in -

coiloatiomu nuixt tire was mimiabvzed foor i4C rmidioomict iv-
ity tomi tluimi-bayer chroomuuatoographv h)lmites (see

M.�TERt�LS AND METuitomos). The vaboies were coor-
rected four recooverv oof [:o}1]ACIi used mis mimi imilermimul

standard.

Precursor

HUh Step ACh Spot On

thin-layer
Plate

dpuoz dpm

4,560 4,550

8,5(X) 9,02()

12,00() 12,0(X)

14,7(X) 14,7(X)

17,1(X) 17,0(X)

18,500 18,600

had been to’sted itt flue abso’nee oof any drug,

the fohlouwing (‘xperim(’tut was po’rfourmo’d to)

coimufirm flit’ ido’tufifv of fiuo’ t4C radioomuctivitv

finally o’xtraofo’d in tho’ �rt’�t’ti0�’ tuf HC-3.

Sfniatmih svnmupfousonio’s � incubmufo’d mis

desc’riho’d pro’viouushy, but fhuo’ samples wo’ro’

anahyzo’d oliro ommufographicmubly. Synf huo’sis ouf

flue o’sfo’r was o’stimated by o’ounfing flit’

radioactivity Ptt’st’tlf iti flit’ ACh spout Ooti

fhunu-hmuyo’r churounimuf ougrapliic plato’s (sot’ ut�� -

TERIAL5 AND uIETHOD5). Tho’ values four

[14CJACIi synutht’sis obtaituo’d with this

technuioiue (Tmubbo’ 4) \�‘ero’ vt’rv simibmur too

those described previoously (l”ig. 1); iti

particular, ‘4C radiouacfivify, (0 urro’spoonuditig

to approoximato’ly 20 ouf cotitroui, ��‘as still

deto’ofablo’ itu flit’ pr(’senico’ ouf high HC-3

comucenfratioutis (10 pun).

Lfject 0/ C/ooline Oil [i4c!.I (,/, �Synt/iesis in

t/ie ,-lbsence or Presence of HC-3

Iii ounit’ o’xpo’rinuo’nf [14CJ�’\Chu sytufhuo’sis fronu

[6_m4Cjgluotuso� wmus estimmuto’d in stniafal



ACh
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‘1’�10LE 3

Biotogio’at rznol ra(li0100eloio’ eslioooaliooo of _4 (‘to

synlhesis in slo’ialat syioaplosonoes

Stri at ab svnaptosounues were incubated fom’

various periods at 370 in the presence of [2-’�(’]-
pyruvate (5.7 nut, 5.8 /2Ci/ml), eserine (0.2 aiM),

amud choli mue (1 nut). Themu the suspcnsicomi (tissue

plus medium) was extracted with trichboracetic
acid (5#{176}). After remuuoval oof the trichicuracetic

acid by washimug with ether, a pcortion (p11 4)

wmis set muside for biooboogicmib muieasuremuiemut oof toutal

ACh. The rest was treated mis descm’ibed under

MATERIALS AN1) METiIOI)s four deternuinatiomu oof

[‘4C]ACh svmuthesis.

Incubation
time -____________________

Biological Radiometric
(synthesis)”

‘I otab Synthesis

mm nnuoles nun ales

0 0.48 0 0

10 1.15 0.67 0.69

20 1.57 1.09 1.26

60 3.44 3.00 2.98

Obi aimied by dividing disiiutegraticoius tier

nuimiute of 14C by tlue specific radiouactivity ouf the

precurso or.

sytuapfousounio’s incubated four �3 our S miii in

thuo’ �I’t’50’1iO0’ o�n absence tuf added oiuuhinc

(final (ounco’nufrafion, 1 pun-i noun). Too mini-

niize flit’ possible influenuce of ohuuhino’ no’-

leased from sytuaptosomes, flit’ syiuapto-

somal i)(’hlt’f was o!ilufed 3-fold mount’ than

previously mumuol incubatiutus wt’re omirnio’d

out imu muvoolumo’ (Of 0.6 ml instead ouf 0.35 ml.

As itudicafed in Fig. 2, the prest’tuo’e of

chohino’ stiniulafed [‘4CJACIi svnufhuo’sis. Thuo’

stimulmut tory o’ffo’o’t was proopourfiounmully larger

for the :3-mimi inucuhafioun thanu four flue S-mini

incul)afioitu. Thue maximum o’ffo’of was 01)-

tainued in 1)0th cases with ccuncentrafioons of

chuohinuo’ as low as 10 pui.

In ant of huo’r o’xpenimo’muf sfriatal synaj)f 0-

somes w’o’ro’ ituo’ubafed foor iS our 30 nun

with [2- m4C]pyruvafe atut! o’so’nine, mis t!e-

scnihed mubouvt’, iii the presenco’ out flit’ coin-

centrafioon out HC-3 (60 nun) which induo’ed

half-maximal ituhibifioomi of [‘4CIACh svmu-

thesis. Chuohine o’oncenfrafkutus nanginug from

1 to 250 pM went’ used. Chiouhinc’ mit 10 pun

slightly ro’v(’nso’d flue inhibitory effeof of

HC-3 oun [‘4CJACIi sytuthesis, whio’hu re-

z � - ___
� I OO� - _��------------ --- --� -- H

� ��

� 2 o/ � � � � I

__,u � �i I 10 100 1000

HEMOCHOLINIUM (Mx10�6)

Fmo;. 1. Effeel (Of IIC’-3 ouo [i4CilACh sijalloesis in

1(11 sli’ioulat .synaptosoumes

Striatmul s\tuaptoosonues wet’e imicinbmiteol at 37#{176}

in t hue jreseiuce (of 2_h4C]pyruvate (5.4 nut, 6.6

MCi assmuy) foor 15 oor 30 mitu iti a physiological nue-
chilimu) cootit aimiiiig eseri mue (170 ,.iM) . Nou chooliiue was

middeol in this experiment. IIC-3 (fimimubcomicemitra-

lii mo, 10 nM-i num) wmis hut roduced iii a vobiime

of 0.1 muul. Total #{176}C]ACh synthesis (tissue plots

imucoibmitiomo muiediunu) wmts deterinimued as descm’ibed

umider M�TERI .� 1.5 AND ME’i’mioDs. The muiaxinual

A(hu synthesis was 0.87 nmnoole/’lS nuimt and 1.78

mimwobes”30 iuiiii. Each point represents the meamu (of

woo assays: #{149}, 15-miti i micuhuat ioomis; 0, 30-nui n

imicoibat ioomis.

lAiii,E 4

l”uo-l/oei’ iilouolzfi.ealiou. of I ‘4C’]�t (‘h .iqiolloe.sizeot fi’ouoo

[2-’4C]pyru ale iii floe iji’escuoo’e of HG-S i,o oaf

.sl,’ia(al synaplo.sooooes

l1aO stmimitab syiuaotoosoomuies (0.35 muub) were iii-

culuateol mit 37#{176}for 10 nuiti in the presetice of
[2-’�U}pvruvate (5.3 nuum, 5.5 M(i ‘assay) amid eserimie

(170 MM). Fiiial comicent rmitions of 11 C-3 tanged

froomuu 0.01 too 1OMM. i4f� radiooactivitv was muuemisured

in I hu(’ A(’hu spoot oobtaiIued oon I himu-bayem chiroma-

to ogrmiphy pb mites froont a 0 .2-muul al iojioot oof I lie HCI

phumise mis desci’ibcd umtder �i.�’�ERI.�L5 AND

umETno)mus. The results were coorrected for recoovery

of (uo.cl!,t_:II ]chooline iiuti’ooduced mis miii imiternal

sI momidmui’d at the cud oof the incubat ion and ame the

iuueamis ± stamidard errors (of five assays.

HC-3 #{176}Cin ACh spot

0 3600 ± 120 0

10#{176} 2900 ± 120 1I) ± 3

10� 2000±180 44±5

10� 12(X) ± 170 67 ± 5

105 800 ± Go 78 ± 2
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Fu;. 2. Effeel of ehotiuoe on [‘�C]ACh syuolhesis

in cal slrialat syroaplosomes

Striatal symiaptoosoomes were imicubated at :37#{176}

with [6-1�C]glucouse (2 m�i, 3.2 MCi) for 3 or 8 main

imi the presence ouf eserimue (170 Mum) and various

cooncemitrati(uuus of chobimie. Toutal f04C]ACIu syn-

thesis (tissue plus incuibatioomi nuediumuu) was esti-

mated mis described umuder uIATER1AL5 ANt)

METHOI)5. Each point is the nuean ± stmumidard

error oof fooiir assays.

* p < 0.02.

turtied to o’o)ntro! levels imu flue presence of

40 pM choline. Higher eoncenfratiomus of

cholinue stimulated framusmitfer synuthuo’sis

(Fig. 3).

Nifect of HC-3 on C/whine Hig/i-Affin ity
Uptake

Inu our experimetif s half-maximal iii-

hihitiomi of [t4C}ACh synthesis was ob-

tained with 60 nui HC-3, a ccunicentnatiomu

too low to) inhibit significantly the low-

affinity choline upfako’ described by pre-

vious authors. This prompted us to con-

firm flue presence of a high-affinity frmuns-

port system for clio)limue and to study flit’

effect ouf HC-3 on this uptake process.

The time course ouf cholimie uptake was

foumid too be linear for 1 mimi at each ehouline

concent rat ion to’sted (Fig. 4). Therefoire

this incubation time was ref ainued mu further

experiments.

Striafal synaptosomes were then imucu-

hated at 37#{176}or 0#{176}for 1 mm in flue presence

of various concentrations 0)1 [#{176}H]chtuline

(1-10 pM) but in the al)seluce of eseninie. Imi

this range of concemufrafionus the iiet uptake

ouf chohimue (differeiuce bet weemu uptake at

37#{176}anud 0#{176})was a saturable process, with

14 �� 0�_

� 20L�
0 1.02 2.56 6.40 16.00 4000 1000 2500

CHOLINE (Mx10’�6

Fit;. 3. Ro’oo’rsat luij olooti,o o’ of unloilu ilory effeel

of HG-S on i4(�JAG1o synl/oesu.s in roil slo’ialat sy’oap-

losonoes

St natal synaptoosomes were imicubated at :37#{176}

with [2-#{176}Clpyruvate (5.3 nut, 3.7 MCi) foor 15 oor

30 miii imu the jresence cof eserimie (170 MM), IIC-3
(60 nut), amid variouus fimual coomicemut rmitiomus oof

choolimue. Toutab [i4(1]ACh was estinuated as de-

scribed umider MATERnALS .�Nto MET1IOOD5. Thie

results are expressed as a percemitmuge oof the mmixi-

mal synthesis (0.60 mlniole15 mimi, 1.12 minuubes/

30 miii) oobtained imi the mibsemice oof lIC-3 mimi(l

chcobiite, amid mire the ruueamis of two assays. #{149},

15-mimi imicuhomit ioomis 0 , 30-nuiut imicuhat iomus.

0

E
2 ol:
0

i OO6�

0

6 003L

TIME (mm)

Fit;. 4. Tinoe o’ooorse of [#{176}H]o’lootine ouplouke 10/ ral

slrialat synaplosomes

Striatab symuaptosoonues (0.35-nil sanuples) were

imicuhated as described umider MATEit1AtS AND

METH000S foor various ioei’iods at 37#{176}imi thue pro emice

of esenimie (170 MM) amid three olifferemit couicemi-
tratioomis oof 3H]chioolimie (1, 20, amid 240 MM; S MCi).

Resubts are the mearus of twoo assmuvs mimud mire ex-

pressed iii mianoruuooles (disimito’grmit ioomts per muuimiute

divided by choolimie specific m’adhoactivitv).

a Km of 4 pM (Fig. 5). Tho’ hoax of chuohitue

uptake was eoiual too �3 mumoolo’s of choline

iier minute Ien chouline a((’fVlase unit (ar-
bitrarily definc’d as flue foot al activity foound
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Fit;. 6. Effeel of se,’iuoo’ ouo (‘lootzloe loiylo-af/i,oifij

Upl(ik(’ �10 0(01 slrzolat .Sf/lo(i/ilOS(ulllO’S

St m’iatmob svmiapt osoomiut’s (1-mutt samples) were
imicoibuited mit 37#{176}oor 0#{176}foom 1 nuui with Imubebeol

c ho obI mi#{128}’(:3, 4, ion 8 M�tm ; 2 M( ‘I) itt the himesemice o of

vmimioous cooncemit mat io mis of esem’imue. The figum’e

r(’pm’esemits ml 1)boot of the meeil)mOocmul muet uptake oof

cluoolimie (uptake at 37#{176}miuimiiis uptake at 0#{176})(1 o)

�vi t Ii resloect too est’rmmie comico’mit rat iooii . Emich pooimit

is t lie muuean (of two o jssiys

120

>

-.‘ � 02 04 06 08 1

1/CHOLINE (M-1x 106)

Fit; . 5. (‘looti,oo’ higlo -oiffl,o if1, oiplake in ,‘ozf sI,’ia -

(at .S!J1O(LplO)S0000s

Stniatmul s�’muaptosomutmil suspemisloomis (1 mutI) wem’e

imucubmited foor 1 mimi at 37#{176}or 0#{176}itt t he presence

0 of vminioous coomicemut mat ioons ouf labeled choli tie (2.2

MCi) as imidicmited under ui.�’rEmu.�m.s .tNtu METHoutus.

The figure repnesemuts a reciproocal jobout of the net

iil)tmuke (o’) with respect too the coumicemitratioun of

[�hi lchuooline. Tlue velocity is expressed iii namio-

muuooles oof chuoolimie per mnimiute (disimitegm’atiomus pem

nuimiute divided by choolimie specific radiouactivity)

per smimuuple. Each pooimit is the macan oof fooiir missmiys.

itu 1 g of fro’shu sfriafal tissuo’, iS pmoolo’s of

AChu po’r houtnr). (_‘\.s indiomufo’d undo’r MATE-

1(IALS AND METHODS, fho’ counstant amoutuf

ouf ohutohine ao’o’fvlaso’ muotivify pro’so’nf iti

o’achu smumplo’ was tako’iu mis mini indo’x of flit’

number of itutaot choolino’rgic synumipt oust unit’s.)

In the pro’so’iuce ouf o’senint’ flit’ K,,, ouf luigli-

affiuuif.v upfmuke was found too be slightly

kowo’r (2.5 put).

In ordo’r too to’st moro’ l)ro’Oist’hY fho’ iti-

fluemuco’ of o’so’nimuo’ tutu flit’ high-affinity up-

tako’ ouf chuolimio’, striafal svnumupt oosonues �vo’re

incubated foot 1 nun with various ooonuco’nfra-

tions of eso’ninuo’ (up to 1 mui) in the preso’nce

ouf fhireo’ different concentrations (of labeled

chohino’. As itudicated itu Fig. 6, 170 pun

eso’nino’, f ho’ counco’iuf rat ioun go’no’rallv uso’d

in the synthesis o’xpo’nimo’nufs, had u’er�

lift ho’ effo’cf ooii fhio’ nuef upfmuko’ o of chuouhino’,

Finally, fhuo’ o’ffecf of HC-3 tutu choulinue

huigh-affituity uptako’ was o’xaminuo’d. Sfniatal

synuaptousonio’s were imucubaf o’d four 1 mm
at :37#{176}our 0#{176}in flue presetuco’ ouf various

cooncetutratiouns of HC-3 (1, 5, oon S pun; 2

pCi). HC-3 imuhihitc’d thuo’ no’t tnpfako’ ouf

o’huoolitue mi mu purely conipefitive mminner

(K1 = 25 hut) (Jig. 7).

2 xlO”6

>

‘� 80�

-� � I _______

_3 _2 _i 0 1 2 3 4 5 6

HC-3 (Mx10�)

Fto;. 7. Effeo’l of H(’-S 000 (‘/OOtiloe loiqlo-affinilij

ouplako’

St nat mob symiaptoosoonues were I mictilumited at 37#{176}

fon 1 muuimi in t hue presemice of chooline (2, S, oor S

MM ; 2 MCi assay) amid vaniooiis comucemit rations oof

IIC-3. (‘oomutncul samples were imicubmited at 0#{176}

foor 1 main imu the pi’esemuce of t hue samuue minioiunnts of

labebed chuoolimte Ito oondem’ too soibt ract t hue uptake

conrespoomidimig uo passive dithisloomi. o represents

muet miptmike (37#{176}muiuus 0#{176})cmolculmited as miamiomoobes

by olividimig thue disimitegrmitioomis tier ruuinute by

chuoolimie sioecific nmudioactivity. The figure is mu

pbout oof 1 o with respect too t he coomicemut rat ioomi oof

HC-3 foor the various chiolimie c(omicentnmitioomis

tested.
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HC-3 (Mx1o8)

Fm im. 8. 1Sim ootl(iIo(’0011.s (‘.1/11000! ion of i�o/o i/u 1100!’!,(‘J/eo’/I� of J/( ‘-3 000 11( ‘J,4 (li .1!,10 floes is a,ool 1,1/ ]o’/ool zoo (‘

loiq/o-affiuoily ooplake

1� mit st nimit mul sv mimibot ooso toes (0.32 mid ) wt’rt’ Ii ic oibmit o’ol foot vmiro oils 1)0’ ti oods 1 ti I hi(’ st mitiolarol h)hi�5I 0 hoogiemib

nuediiinu coont ainimig pyriivmil e (5 niM ) , itt the presemiCt’ o of eseri moo’ (170 MM) amid varnoots coomicetit rat loomis of

II (‘-3. I1aboeled py riivat e (6.S M( ‘I ) Woos middeol too himil f t hie smitmiples, �. hiich �vem’o’ i tic 0ibuat ed foot’ 15 mu it

at 37#{176}too (st imiuato’ 11( ‘IA( ‘Ii svmit hiesis. The ool bitt sammijubo’s � first imocuihimiteol foot 7 nit mmmit 37#{176}.1h11J( ‘ho

11mm (1 MM, 0.S2 M( 1) was I miimno’diit o’bv added tooo tie gr up oof samiuiules, amid t hue i ti(uilOat l(uti W05 Co mi0 miomeol

foor 1 multi too estimnmilo’ 111 choolumoo’ thou mike at :37#{176}.Tbio’ oil bier gm’ooomju of smimtipbes was albowed too st:imi(l mit 0#{176}

for 2 mimi after 0 bit’ tirolitiut miarv I micumboat lo mi pet’iiotl . III 1( hooli moo’ was t ho’mi modobo’cl , mimiol the Imicuibomil loon wmos

cooiitimiued foot’ 1 multi too est inuate the oipt mike mit 0#{176}.Emichi pooitit is thuo’ macmimi of twoo oleto’m’mimimitioomis, mimotl

m’esubt S mime eXI)m’t’sseol as a percemit migo’ of miumixi muual symit hio’sis (0.88 mimtuoole 15 miii mi) 0 it muuaximiumil mio’t iijot mike

(utptako’ at 37#{176}tiuitiuis uih)tmike at 0#{176}:190 ptiuooles;mniti ) oobotaimied Ito t ho ahosemico’ of Il(-3. The imiset repro-

semits mu tuboot of I iC IA(’bi svmit hesis vs. 1:011chuoolI moo’ hiigh-affimii t v opt moko’

Comparison o�f In/iibitory L//ect.s’ vi JI(’-d on.

[t4C]A C/o 0Synt/oesis anil (‘/oohine 110//i -

Affinity (‘ptal1’e

Thio’ similmuity boo’two’o’iu flit’ o’oumioo’mitn’mt-

tiounu out IFIC-3 giyimug lumilf-muumuxinumtl imuluihitiumi

of [‘4CJACIi sytit.ho’sis muntd flit’ K, o)f HC-3

ft um o’luoohitie high -aflituity utotako’ It’d us too

o’oun’ipart’ flit’ imihibitioutu of looutlu iorooo’o’sso’s itt

flit’ saInt’ t’xlot’tinuut’tit.

Sfriatal synmujotoosounno’s ivo’ro’ ino’ubmuto’tl in

flit’prt’st’iiot’ to! o’so’rimio’ (170 put) anio! ohoohitmo’

(I put). Lmil)o’lo’ol boyttnvmutt’ ��mis addo’d too

iumulf flit’ sanuplo’s, whuiohi \\�o�e itioul)mitt’tl mit

:37#{176}four 15 multi too t’stinuato’ flit’ svntlto’sis ouf

[i4Cj�(’hu [#{176}HJChoohituo’ upfmiko’ was stiidio’ol

imi flit’ no’mmuimuing satuuplo’s, �vhuiohi wo’ro’ first

ituo’ul)mitt’d to)r 7 tutimi out 37#{176}.Lmuluo’lo’d ohtoohimto’

(mu frmioo’r muniootnnt, 2 p(’i) �smis flio’n aololo’tl

too outuo’ iomutoh, amuol flue imitubatioumi \\‘mus

stooppo’d I mimi lmito’r (uptmiko’ at :37#{176});mu

so’o’outid bat oh was ttmttisto’tTO’(l too mu to old

bmufhu four 2 mimi foot to’tuupo’rmofuro’ o’oiuihilormu-

tiootu, flit’ smunio’ munuooumit oof lmuluo’lo’olchoohitie

was thio’mm mu(ltio’tl, mitid thio’ itmoulomition wmus

ootitimimno’d four 1 nuuiti mit 0#{176}(unjotmiko’ mit 0#{176}).

A himit’mur o’ourro’latioomi loo’two’o’mi imihuiloitiooti out’

[i4(’[�(1lu symifho’sis amid inhii}uitioomi ouf tlto’

hot utiotmuko’ out’ [3H Johioohimuo’ � o olutmuimio’ol

(h’ig. 5).

IOtSO’USSI(ON

‘JThto’ 1)tt’so’mit ro’suhts, oFotaino’d �vitht mu

l)I1Iif10’(l svtimiptoostunual l)rt’bomtrmttiounfronuu
rat striatunuu, ooomutirni flit’ o’xisto’mioo’ oof a

huighi-affimuit � u�ot miko systoni foot. ohtuhimuo’.

Thuo’ K,,, four this itptako’ Pm000o’ss is loetwo’o’tu

2.5 mumiol 4 put. It is flints slightly highio’r than

the K,,, vmuluo’ (1.1 put) oolotmuiiio’dby Ymummu-

mutmu munuol Siiytlo’r (16). Houwo’yer, thuo’se

muutliooms uso’ol mutt itro’vo’rsihho’ olioohimio’sto’rmuso’

imuhuiloltoor 1mm flair o’xloo’rinuuo’mifs, amid this

mmuy o’xjolmuimitho’ stuumull(hif!o’mo’hIteooloso’rvo’d.

()mu t ho’ ootho’t lumimid,itt co omit rmusf too t Ito’ ntpo ott

by Ymunuumunuutnmmi munol Stiydo’r, wo’ l’muilo’d too

do’to’ct mu so‘toomid sat urmulolo’ t tmutisj 00 ott j)to ut-

055 toot o’hioohitio’ immiolem ootmn t’Xloo’t’ifluo’titmul
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cOtu(lifitOtts. �\.. l)tossihoht’ txphanatiooti for this

discropmutuey is that o our ro’sults ro’pro’so’mul

tho’ tio’f uptako’ (Of ohioulino’ oulotmuimted l�

subtrmucfimug froom flit’ uptako’ mit 37#{176}thmtt

observo’d mit 0#{176},�vhuiehu oorro’siooonols too flit

amoumit oof chohituo’ po’tio’fratitug thu itutrmu-

cellulmur 5t)mit’�’5 by simple diffinsioun. Usinug

different t’xperimt’tit mul coiidi tmouns, t)t huo’r

authout’s mulsoo fouumuol mu unioluo’, to’mjuo’raturo’-

depemuoletit, saf.urmublo uptmikt’ joro oct ‘ss four

chuohimit’ itt brain syna�otoosoumo’s. Hoowovo’r,

it uvmus ehuaracto’rized by mu nuuohi luighuo’n

K,,, (50 put) (12-15).

1’Iuo’ I)t�0’50’tif ro’sutlts oomit’irm thmut I-I(�-3

is a (‘oufl’ipO’titivt’ imihuihifour oof chuoolitue upfako’

in brmuiiu s�’timipfoosoonto’s (12-14). No’vo’rtlto’-

less f lit’ kimio’tic jomurmunitft’rs (Io’soribo’d Itt

this stito1�’ (K1 = 25 ton) diffo’r nimurko’dly

from pro’vioius oobso’ru’mufions (K, = 20 put)

made ulIi(lO’F o’xpo’rimo’mutmuh cootidit ioons hurt)-

ducing mt lou�� K,� for chouhinue ttl)take. As

shown imu 1”ig. 3, mi rmifio) ouf :ul)h)rooXifl’tato’h�\’

1000 : 1 bo’t \s�o’o’ii ohiouhimmo’ munid I.1I(1�3 is tiO’(ts-

sarv t(0 toota1l� reu’erso the itihuibitoorv t’fft’tt

tif flit’ (lrug oott AChi sytuthio’sis. Itttt’ro’sfitugly,

this smunuo’ rmufiou \\.ois foumud too lot’ mmooo’ssmury

to reverso’ thio’ fouxioity ouf flit’ tiring ton flte

supo’rioor oo’rvioah gmutighioni (2). Booth ro’sults

strongly suggo’st flit’ o’xisfo’nco’ ouf mi hmurgo’

oiiffo’remieo’ hoo’twoemi flit’ muffinitio’s ouf ohuoohituo

munu(1 HC-3 four flit’ uptmuko’ systo’ni. Iti(lt’O’d, mu

K,,,/K1 rmutioutof 150 cmiii lot’ c’alcunlmufo’d from

tiio’ preso’tut dmutmu.

Eserine mujopt’muro’ti ‘too hut’ mi yory wemuk itt-

hibif our oof huigh-muffinify ohtouhitut’ ujotmuko’, mutuci

prehiminmury studio’s rovomulocI f limit ACIu is mu

Po)out o’on’upo’titivo’ ituhoibitoor out chuoulitio’ trmumus-

pourt (K1 = 50 pun).
‘flue coomio’emufrmufioomis oof H( ‘-:3 ust’d hu� hurt’-

vioutns authoors too do’niounstrmufe imuhiluitioumt of

\Chi smithuo’sis wo’ro’ milways hiigho’r thmun

10 pun, wit Ii ootto’ o’xoo’jofioun : Bhumuftiagar anti

Mae Itut(osh (5) repourtod t limit hualf-numuximal

inhibition of ACh symithuo’sis wmus miohuievo’d

at 4 pun HC-:3 in nuitioo’oi mouuse lormuimt. Thut’

1)ro’so’nt rt’sulfs denuoomist rat o t huat itt st rimutal
synmuptosoonuo’s nuuoh loo�vo’r couhuco’tif rat iootis of

II(-3 0mm imuhuibit ACIu synfhuo’sis (half-

tuuaxinumul itihiibifioutu mut 60 iuui). ‘l’huis ohs-

or(’pmumucv nuay ho’ attributable f(u cliffo’ro’ncos

in flit’ o’xpo’rinientmul numuto’rimul ; lormuimu slio’o’s,

go’nierally olof ainc’d from flit’ o’torto’x, wo’ro’

uso’d by oothior worko’rs. ‘I’huo’se pro’pmurmufionus

IO’lO’mlust’ largo’ minuoutmnts o of (lutOhitit’ imufo flue

imioubmutioon muio’diunu (5, 2:3), ��‘hiohu may

Ioowc’r flit’ aot.ivitv oof flue drug joy mu cOmI)eti-

tiouti nuo’chmitiisnu’u ooootnrring at fhuo’ lo’vo’h oil flue

uJ)fakt’ s�sto’nuu.

Thio’ imuhuibition ouf AChu synthesis by IFIC-3

never o’xo’o’eclo’d 55 � o �ti our o’xpo’riments.

‘flit’ ro’nimuimiimig 15 � , ouf radioumuotivity vo’ry

hiko’hy ooomro’spoonds too [m4(1}A.(1lu, mus it nui-

grafo’s t 0 ogo’f lion with f his o’sto’r oott cellulose

t liiiu-lmuyo’r ohuroinumuf oogrmiphiy j)Imut o’s. IJo\v-

over, flit’ jooossibihity omutunot be oouiuiJ)lefo’Iy

ritlt’oi tout that j)murt oof this rmidioatctivify

ro’pro’so’nfs soonut’ Imti)eIO’ol clo’rivative ouf HC-3

imuoleo’d, it lumus bo’oti t’o’pooi”ted thmut ITC-3

boetuetrmtfo’s iiito flit’ no’uroun (25) muti(1 thuaf it
(mull be :uoet.ylafo’oi by oliolino’ aeo’tvlase
with al)tOitf 20 ‘ ouf flue o’fficienoy obfainc’oI

for (hitolilit’ (3, 15, 26, 27). IFlouwever, flit’

Imut.to’r hiyiotofhit’sis is hoot supptomft’oi ly the

ol)so’rvmuf it Ott f hunt t he ro ‘numtituing radi ouactivity

wmt.s tiout inoro’muso’d t�’ raising flit’ douses of

thuo’ ciritg up too 10 pM.

A..clolo’ol ohiolitie is ro’oittiro’cl to sttstaitm A.(11i

synthuo’sis mit flit’ elo’ofrioally sfiniuhuto’d su-

boo’i.itun. oo’n’viomul ganughioon (2) o)r rmut dimiphiragni
(9). Itu brmuin tissue (utusfimulato’d suet’s our

inimiot’s) mutt O’X(’0’55 ouf chouhitue humus bo’eti shuoowmi

hoot too itttlut’iiot’ gremufly the synthesis (of

ACh (25, to, 23). Houwo’yo’r, imu rat striafmul

s\’timuptoosoutuio’s, mis shioowii in this study,

oluoohituo’ is aluho’ to) sfinuinlmito’ AClu synthuo’sis.

This o’ffo’ot, �vhiohi is l)o’tfo’r seen in imucuba-

it otis ouf slit ott olurmufiouui wit Ii mudiluted svnap-

ouso onimul sinsi oo’musio on, is very likely masked

in Jommuimi shots by o’xtrmituo’uronmul oluuline

ro’lo’muso’oivo’rv qunioklv fronu fissuo’s. �\bo ore-

ouyo’r, flit’ tuuaxinumul o’ffo’ot tot’ ehioohiiuo’ ton ACh

symitlio’sis is oohofmuimuo’dout mu ooonucentratioouu ouf

10 pM, whichi is just aloouvo’ flit’ K,,, ouf chioolitue
hoigli-muffinity uiotmuko’. Iii mi(lditiOml, ro’pturted

phmusnimu (hoolitlo’ (29, 30) oouneenfrmutions mure

sinuilmur (3-fl pun) to flit’ K�, descriho’cl in

flue l)ro’so’mlf st tidy. ‘Flit’ linear ooorro’lmutioun

bo’two’o’it flit’ lo’vo’l ouf [‘4CJACh s�’tithio’sis

mutal f limit o of #{176}Hcit ulimuo’ uptake, oobso’rvo’d

at all H(’-3 to otioo’ntrmut.iootis,demoonstrmufes

flit’ omo’so’mito’ out’ flit’ ohioulitue highi-muflituit�’

ttpt muko’ nio’o’hmimiisn’i on ohiohituergic terminmuhs.

Tltis furfhuo’r uttolo’rhino’s flue majour toolo’ of

no’why fako’mu up chohinto’ in sustmuiiuing the

s�’nthiosis oof flit’ transnuifto’r munud suggo’sfs a

olouso’ litik betwo’enu chohitte uptake munud ACh
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synthesis. Itu (ooncltnsiooti, flit’ vmurioous results

oubfaitied suggo’st thu;ut flit’ luighi-affimuity

uptake of ehioohitto’ may ooutitribuft’ too flit’

physiological regttlmufion out’ AChu synthesis.
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