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�A, noo’thoooel is elo’se’nibo’d f’oor (hoe’ c’tovmolt’nmt totttoc’ionio’nm( oof (/-tubtoo’urtoo’iooe’ too So’plooon’ooso’. IbI(’

preparmotioomm ivtos successfully usc’d foor thmc’ rtopi(! punifi(’a(ie)oo tof aee’tyli’Iotohinot’sten’toso’ ho’ oil-

los(eni(’ siteS toflinoity cimronmtotoogntophmy. Selective e’hutieon of (hot’ o’nozynoo’ ovitho Nto( ‘1 soohutioooos oof

vanio otis co onto ‘not n’tut iionms i\.oos n’o’tichilv tic’boio ‘vo el . So’bo’ct ive mit o‘n’f’e’o’enoe’o‘ wit hm ooelsoo’j t ie oto by his-

ehua(ernuton’\’ e’ffo’o’tors, suo’h oos e!o’canoe’t ho onli0000, gmove evo’nu bet t on’ r’o’suhts. ()f co orosieio’rmobho’

no(er(’st iVtO5 t ho ‘ 0 obsenvootie ooo ( bmtot se’le’e’t ive irot erfe’I’e’noce’ ivit ii midst orpt it ooo e of’ t hoe o‘noz�’noo ‘ oono to

ttmboctmntoniooo’-Se’phmtom’tose ‘ooluioimm by /3-r)-Iloe(imylsu(’c’inoyldic’iio)hiooe’ it oc!ido’ heel t o co otoophe’t o�

se’ptirmi(io 010 mitt t two 0 subspo’e’io’s ito to n’totit o oof ooI)l)re)xiIoooo(o’l�-’ 1 : 1.

As Ptot’t eof tour’ o’ffoorts too elucic!tot(’ (hoc’

phyo�itoloogicto1 i’eole’of time’ t’o’gUhttt(om’ye’uo’moro’-

biouding site’ tof tic’etyhcbmooliooesto’rtosc’ ( 1 , 2 ) , thot’

nc’c’d morooso’ for to n’mopicl anoc! c’oonovenmie’nmt nie’thmtoel

for punific’motitonm oof tho’ e’nozynoc’ tonic! espe’(’imtlly

its reseolutio onm motto n000le(’toltinly dis(iooct et onu-

s(i(ueoits. Ho’c’eno(iy, moffiouity euro onoatt ogn’toj)huy

basc’d 0 010 e’ste’na(-ic si(o’-clio’o’ctecl anicimoninog

rc’oogenots woos utilizc’d suo’c’e’ssfully in punifio’oo-

ticooi (3-(m), ovhc’no’mos ioono-o’xo’Iomonmgo’ eimo’oonooo-

tt)grtiploy oo’tos rc’peontc’d too ooc’ioie’ve poortial

resoolutitono tof (hoc’ o’niz\’noo’ fnoono iouiootoou

erythonoo(’\’tc’s inoteo t 000 0 active’ Ctoflipt oomo’omts,

althoougho ito leooo’ yic’hds (7, 8). 1\luclo c’vide’omco’

has acc’unooohtot eel tiotot moo’o’tvle’ioeohinmt’ste’nase’

frono vmorioous stounces coonosists oof isoozyoooe’s

(8-1 1 ) . Tue c1uo’stioom tbmtms tin’iso’s iviot’t he’r

these (‘tottolv(ictohlv sinmilmor but iso rnmc’nic’

species mono’ ailoos(enic’tohlv chistiooguislmablo’. Our

recent de’noeolostntotiono (bonooughi anmit oooic site’

‘Vo”earegrtuleful to tue Ntitionooul Hesean’o’bm (4ouoni-

cii of Caniada anod tloe l)efenie’e Beseouro’lo l3eooun’d

of Caooada feor genoerous finooonie’in! support.

1 To whon cormesi)onodt’nlce sbooould be a(l(h’esseol.
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labeling studio’s (1, 12) (boot (/-ttoheoc’tortonino(’

bimocis exchusivo’ly t on Otto oohiooste’ric site o of’

tooe’tvlcbmoohimmcstenmose suggest cc! ( bat (‘0 ovtolc’nmt

oottae’hmnoc’rot eof (his d!nug (to to suitable’ suppcort

suc’ho mis So’phanose noigii( be’ useful mis mono

tohboostenic’ sito’-anue’hmoon’immg n’e’ttgo’not fe or time poor-

Pt ose oof punifyioog toood frtoc’tieonoatinog (hoc’ eno-

zvnme mit eo 0000)ho’cuitonl\-’ clist i niguisimmoble’

sj)(’d’it’s. It ���tis no’asoooo#{176}eIthooot elu0100ti(motlv(’
fn’toc’tionitotiono mutt) dliStitu(’t OimO)lt’d’tihtOo’ spe’t’io’s

nioigim( be neooelilv tice’oonmphisboe’d by ceooi(r’ohlo’cl

o’ltition ovithm oolhoosto’n’ic’oolho’ se’li’c’t ive his-

elua(ern000rv e’ffc’ctoors of time’ kinod ro’e’o’om(hy syno-

tiiesizo’c! imo etur lmtborattonies2 (12). This ceooio-

nmuooic’totioono rc’j)orts our suo’�’c’ss ito mottainming

these gooals.

Tho’ tubocuntonind’-denivmot ize’cl Se’j)htoroose

go’! oo’mos pneparo’cl tos foiloows. A. susj�ensie�ti

(100 nol) oof Sephmmorose 413 (Phmminnmae’ito) in mono
o’ciual veolunme cof ivater was toctivate’d in (hoe

usual notmnner ivitbi 30 g eof e’ytonme)go’no bronoide’

�i3) anod (imemo tnt’moto’d with 100 ml cof 2 noot

aqueous ethylo’oueclimomiooe ( b’ishoe’n, reage’out

2 Prepareol b)\’ 1)r. i’. Wuifcrt.
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F to; . 1 . ( ‘on trollod ci toI i(tot otf ero�tio rocyte acetylchol ine.�terase frotto a I to tone oo rarine -Seplo arose col to 00010

0- - -0 , enozvoroe act ivitv (uoiits Ier 5.5-nil fraction), #{149}----� , po’eot ci no conocetot n’atiooo (().1 ) . = ab-
soo’boonoce at 280 nitoo). Fo’onoo fmou’tions 35 through 50, hoe NaC1 o’onio’eooto’ationo was go’oidoootllv inoco’eased to

0.15 oo.

grtodo’). I)iffo’re’oi(imol titnootiono indicated thtot-

about 12 Mmolc’s eof boosie’ nc’sidues pen noilli-

lite’r of Sephmtoroose overt’ iomtnoducc’cl . Tiois

‘‘anoinoetimyl’’-So’piomonose 00,005 tlIlO)\\’t’dl to no’-

tO(’(- at- 4#{176}ovitim 150 mmeole’s ef succinic

anohmvdnidc’ at pH 6 (14), ftolloovecl by waslo-

inog. Time tU’iOli(’ go’l was coouj)le’eI agooioo ovi(io

etimyleioc’dimominio’ (tos tobeove’) , usinog iiaten-

s(oluble 7-cycle ohoe’xvl-3 (2-not orpioe ohinooc’(hyl) -

ctorbocliimiclc’ noo’( hot o-p-(o)iue’nmesuifo)rmto(e (Al-

cinch) (14). “Fimo’ re’sul(iomg amino(o residues

were moiboowed (to react- w’itbm p-moi(neobemozovl

azic!e, timid time’ btounmd noitr’o fuoucticonus were’

subsec1uc’mutlv no’duced tot pH 9-10 witbo

seodium ditimionmite’ at 40#{176}(15). Tioe’ p-annne)-

be’nzoyl rc’sidues we’re ( hoe’om ehioozo ot ized mm
0.5 N imydneochmloonic tociel (15), feohleoiveel by

c’eoupling wit-h (/-t ubocunooninc’ ( Xut nitionoa-l
Biochemicals) (1 � solutitono imo saturated

borate buffe’r, pH 9.5). Timo’ resulting tubo-

curarimoe-deniva(ize’d Sepimoorose woos colored

dec’p ne’d tonic! e’eoiotmtimied 7 ± 2 Mmoles tof

boound (/-tub(oo’urtoniome P#{176}’�’noilhiliten cof gel

Idifferenotial mossmoy tot 285 noooo (16)].
Ace(-ylcheohinesto’rmose woos purified as foi-

10)00’S freom bcvinoe’ e’rythorcocytes. A c’ommo’rcial

pre’pmorat i t)fl (\\Tin( honop Lmobontoto nies) st abil-
ized with 300 nog O)f serum ahbumioo mormdcono-

taiooinmg 251 units eof activi(y’#{176} ito 330 nog of

(iota! protein [mis do’(erniinmed by (boo’ noet-hod

t)f Lowry (-j! a-i. (17)] was applied! tot 5#{176}in 3 nil

cof elistihlc’cI water to to Pimarmoocito ceolumno

e’o)ni(toinoimig 50 nml (of tuboe’urmt-ninoe-do’n’ivatized

Sepimoonose. The columno oo’oos washmec! with
oo’ot(er tonucl (berm w’itbm NmoCl solu(ioooms toot-

o’xe’e’ediiog 0.05 ion. \\1tisiminog \\�tos (‘(otmtilmut’d

until time’ eluate was pnotoiou-fnee’. Emo-ch frac-

titoto ivt-oS sinoultanmc’ooushv tossooved for mico’tvl-

e’hohinoc’stenase moc(ivih’ by (-he PH-Stat

noc’thoocl (1$). Ito t-imis nmminmnmen, SO � of the

�oppiie’el iommtctivo’ pntoto’iros oo’ene elu(ed (70 aol).

Subso’e1tue’oot ovashoinugs withm 0.08-0.15 �t XaCI

(170 ml) eiuteel 21 1 unmits eof activity (87 �

vio’ld) ito mobout I .) (!; t)f time’ apj)h(’dl (eo(ai i)rO-

t-o’imos. “floe’ results tof this partial purification

arc’ sunonotonizo’el grmipimictoliy in F�ig. 1.

Elu(ioono in (ho’ j)nes(’omc(’ oof dlectometholoium

bnomiele’ oo’as ctonnie’d tout mis feolheoivs. The

smime’ c�umon(ity oof crude’ c’ouzynoe as abcove, in
3 ml eof 0.01 in XaCl soolutiomo e’e)mmtainuing
decame’tiooniuno bromide at 0.5 m�t, was mop-

plied (to a tubocunaniomo’-So’pharose’ columio

(50 ml). The e’lU(it)ti prtofile using 0.01 �oo

3 One unoit of eoizvoooe hydreolo’zes 1 �.inoooie of ace-

tvlchohinoe ier rooinotote at 25#{176}otnod pH 7.4.
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FIG. 2. Elation of acety!c/ooline.4terase -in I/o-c pre.4ence of decaoooethoniunc broonoide

Fractionos 1-24, 0.01 noun NaCl + 0.5 on decanoethonium bronoide; fractiotos 30-60, 0.15 on NaCl. 0- - -0,

enzyme activity; � pmoteiro cooocentrationo (O.D. = absorbaooce at 2-80 tom).

N’aCl is showti in Fig. 2, where it can be

seen that about- SO % of the activity w’as

desorbed when decamet-imonium bromide was
present. The balance of 20 % could evemot-u-

ally be eluted w’ith stnc)nger NaC1 (0.15 si).

The weak XaCl-decamet-honium bromide

fraction was dialyzed overmoight- at 5#{176}against
0.01 rot Na-Cl (to remove excess decame-
thonium bromide), and (he solutiono w’tos re-

applied to 50 ml c)f tubocuranine-Se’phanose.
Washing w’ith 0.01 oi NaCl reme)ved inoact-ive

proteimos, but subseeiuent elation wit-h 0.15 �o

NaCl removed all activity from the colummo.

Thus 80-fold punificatiomo oo’as nemidily

achieved in about 60 % cover-all yield. The

Km and 1�inax choaractenist-ics of this purified

enzyme (witho acetyichohine as substrate)
were not significantl�’ different- from thot�e of

the starting enzyme. However, where’as (-he
latter os’as inhibited largely competitively by
decamethonium bromide (with acetylcholine

as substrate) , the tubocuranimoe-Sephoarose-
purified form was inhibited nomocompet-i(ively
(Fig. 3). It is clear that (he allostenic site-

anchoring reage’nt (i-tubocuraninc’ profoundly
alters the molecular structure of time enzyme

oligomers on removes a constituemit control-

ling the bindimmg properties and e�uatennmary
structure of the enzyme. The molecular

parmi-meters underlying thus dobSerVtie mm are

under immvestigation.
Fract-iomoation imoto subspecies was miccom-

plished as follows. To 1-ml mtliqueots c)f a
solution, each coontailoing 3.35 ummits of crude

acet-vlcholinesterase in 0.01 it NaCi, oi’ere
added gradually incneasinmg colocetotnat ioios
of fi-D-methylsuccinyldicholine io)dide, mood

eacho mixture applied separately to 6 noi of

t-ubocunarimme-Sepharose. The columns oi’ere

theim washed witho (-lie same solution unit-il all

dat-able activity was removed. Time results

a-ne’ summarized in Fig. 4, ovhere it can be
seen that when (�-D-me(-hvlsuccimmyldIicioolimie

iodide reached coomcenmtrationms ramoginog from

60 to 100 MM in time applied solutions, time

quantity of absorbed emozyme (approxi-

mat-ely 50 % of the total) reached a platettu.

The totality of this adsorbed portion was

recovered ito the eiuates only at ilmi(ial f3-D-

methylsuccinyidicholine iodide conocentra-

tions greater thton 100 j.o�i. The sum of time
activities in the two fractious obtained from
t-iois colummm accounted for 90 #{182}�of the initial
i_tctmvi(_y . Disc eiectnophoresis t)fl ticrylmimide
gel [baud visualization by the acc’tyi(ioiocimo-
himoe met-hod (19) combined wi(lo pno(c’in
staining] showed single sioarp bamods eof rne-

bility comparable to that produced by time
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crude emmzynme. He�tweven’, (hot’ regulatory

pno)perties of these two specie’s were m’eaelily
clist-inguishimible oni the basis of (lieu’ kuomet-ic

be’buavioi’ tcow’tmi’el nooet-huaooesulfooouvl fIuoi’ide

(2). Froooi tioe noole’e’uloon’ poitot tof view, it is

clear that time’ j)reselmo’o’ of clo’e’anoe(hoioomiuno

bronoide or �-0)-meth\’lsuccinViC!iciooliIme iO-

(lide con (-hoe enmzvnme toltens time qimmotenomanv

FIdt. 3. Reciprocal plots for (lec0010cth(tniu001 broootide inhibition o,f’ croo(!c (upper graph-) aot(1 purified

acety!choiine.�terase (!ooeer qr(o/)/t ) a.� on Pip. 1

.-., controls ; --s, decarnet honoiuru bronmide at- 3.3 �ooi ; +-- -------+ , decametlooroiunn ho’omide at

6.6 �.�on; 0-0, decanmethoooiunoo bo’cornide at 10 �.clr. Time a�ssay wa-s performed in 0.15 or NaC1 at 25#{176}and

p11 7.4 by time p11-slat metlood.

//
/

-

/�-�

FIG. 4. Fractio,tation of (ocetylc/oolinc.sterase ott tubocoo-rari,oe Sepharose wit/c increasioo-p concentrations

of fl-D -methylsooccin 1/l(1U’hOlifl-c ioth(1C

Each 1)Oiflt o’epo’esenots t-hoe �)et’cetltage cof enzyme retaitoed ono the columoo at eacho inoitial concenotratiorm

of fl-D-methiylsuccinovldicloohiooe iodide followed by washing with the saroie soluhiooo tonotil too foote activity

was elut-able b�’ that so)lltti000. Betweeoo 60 arod 100 �or a conostatot proportion remaitos ah�or’bed.
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structure in such a maImer that the affimm-

ity of the cunane-binmdiiog site (on sit-es) fcr

the regulatory center is drastically modi-
fled. Time fact (-hat acetyicholilmesterase mit-i-
ally adsorbed oim tubocuranine-Sepimanose w’as

hardly dat-able by the same effectons sup-

port-s this conclusid)n. Parallel expenimenot-s

with acetylcholiimes(enase from Eiecto’o-

p/torus eiectricus will be report-ed.

ACKNOW’LEDGM ENTS

The skillful assistanoce of Dr. T. Allen anod i\Irs.

C, Jung was highly appo’eciated. The succinovidi-
choline analogues were prepared by I)r, E. Wulfeo’t-

and 1)r. J. Whitirog of our laboratories.

REFERENCES

1. B. Behleato arid V. l)iTcthlio, Can-. J, Biocheoot.

49, 1131 (1971).

2. B. Belleau, V. T)iTtnllio and Y. 11. Tsai, Mo!.

Pharonacol. 6, 41 (1970).

3, J. D. Berman and I\/I, Yooonog, Proc. ,Vat.

Acad. &�i. U. S. A. 68, 395 (1971).
4, N. Kalderono, I. Silnoaro, S. Bltomberg and Y.

I)udai, Biochino. Biophys. Ada 207, 560

(1970).
5. T. I. Rosenoberg, IT. W. Chanog and Y . T.

Chen, J. Amer. Cheat. Soc. 94, 1555 (1972).

6. Y. I)udai, I. Silnoano, K. Kalderon arid S.

Blunmberg, Biochim-. Biophy.$. Ada 268, 138

(1972).
7. T. Shafai and J. A. Cortnuer, Biochim. Rio-

phys. Ada 236, 612 (1971).

8. T. Shafai and J. A. Cortnoer, Riochiooo-. Biophys.

Acta 250, 117 (1971).

9. J, Massoulie aoud F. Riegen’, E-t,r. J. Biochern.

11,441 (1969).

10. A. B. 1’oiain,J. Bio!. (‘heat. 244, 829 (1969).

11. 1�t�1. E. Edelfrawi, it. K. Tripathi and R. 1),
O’Brien, Biochi=tn. Biophy.4. Ada 212, 308

(1970).
12. B. Behleau atod V. DiTuhlio i-n “Drugs and

Cholinergic Mecloanoisnos ito the CNS” (E.

Tleilbrororo and A. Witoter, eds.), p. 441.

Research Institirte of Noitionoal I)efenoce,
Stockholno, 1970.

13. R. Axeoo, J. Poo’ath aomd S. Ernhack, Nature

214, 1302 (1967).

14. P. Cuatrecasas, ‘t’atuore 228, 1327 (1970).

15. P. Cotatrecasas, J. Rio!. Cheon. 245, 3059

(1970).
16. J. I). I)utch, J. Aoner. (iheooo. Soc. 74, 2221

(1952).

17. 0. H. Lowry, N. J. IRosenbo’ough, A. L. Farr
atod II. J. Banodooll, J. Rio!. C/oem, 193,

265 (1951).

18. B. Behlenu anod H. Tanoi, .Uol. Pharonacol. 2,

411 (1966).

19. J. M. Karooovsky otood L. Itoots, .1. Histochem.

Cytocheoot. 12, 219 (1964).




