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Si MMAHY

Sommic isonmmem’me 1-\ Ic/4-Ph-cis- and t.rans-4-pheuiyl-4-formmmil-.V-mmucthvl-.V-mulkvl (or

aralkyl)-pipem’idimiiuuut salts have bc-cut synthesized amid tested fomi’their inmimibitory activity

towmurd acet�’1choliuicsterasc tumid s(m’uumi eimohiiicstci’asc. The enzvnnc muetivitv wmj� determined
by thc- ummetho.ui of Ellmumtunu c-I al. [Thoc/mein. P/marrnacol. 7, 88 (1961 )J. I’hmc values fat’ iumhihitor
constants (K,) ate i’epom’tcd. luu the c-as�’ of scrummi cholintestem’muse, time K, vahucs fan’ cis iso)mmmcrs

are gemiem’muily lower t.hmtuui timose for the cou’m’cspomtdinig traits msomnuen’s. 1mm tIme c-muse oif ac-ct 1-

cholinucstcn’asc, time K1 i’alues fon’ time trans isoiuuicrs arc lowet’ than those iou’ time con’u’cspondimig

cis series. The m’csumlt.s suggest t.htut eoniformnations ftuvorintg e-phcmuyl tumid a-fou’mnyl groups at

(J-4 will better fit thu tunuiouuic- site of muectylcimolmncstcrase if the substit.uenits at t.hc quatermiary
nitrogemi mutonmi nu’c e-nncthvl amid a-milky!. ()ui the othem’ hmmuumd, o’oinmmpomuumds cant attain a closet’

fit to time amuioniic site of cliidinic-stem’museif the substituemits at time quat.cm’nuar�.’ mntu’o)geui atom

are a-mncthvl amid e-alkvl gu’oups (time poisitiomis of substitumcnt.s mut (‘-4 i)c-mnig uuu(’Iimu.niged).

INTROI)UC1’IO)N

Commfom’mnationmul isonumeu’isnm in time acctyl-

choliume mmmolc-cule mmmmiy hmuvc mint iniportamit
role imm dctcm’mmmininmg time intem’actioim with dif-

ferent receptom’s, such as the mmicotinic, the
muscarimmic, amid t ime acetylcimolimmesterase

receptor surfaces (1). That acetylcholimme

interacts with umicotimmic receptors imi a fully

staggered comifom’rnat ion, and with niusca-
rinic receptom’s with a quasi-rinmg commform-
ation, imas been suggested by Arclmem’ and

coworkers (2). Less inmformmmatioui is available

concernimmg the active form of acetylcimoline

in its intem’actiomm w’itim time si)ccific estcm’atic

enzymes. Evidemmcc that acetylcholine must
adopt a specific coumfom’mation, when bound
to the cstci’at.ic surface, comes fm’om the
fact that acctvlcholiuuestcu’a �e hvdu’olyzes

only one optical form of �-mmmctimyiacctyl-
choline (3i amid displays mnan’ked stereo-

specificity toward soum’ sc-n’ic-s of iuiimibitors

(4).

In the present w’ou’k we have tested sonic

1-Me 4�Phi-ems- amid trans-4-pimcuivl-4-

fon’nmvl-N-disuubstitutcd pipcm’idiiiiunm salts

as iumimibitou’s of two cimolinesterases, acetyl-

cimoliumcstem’asc aumd seruun cimolinesterase, in
ordem’ to oljtaimm imifom’mmmation on the stcm’ic

requirememits of the active sites of time two

enzymes.
Previous work (5) has dealt with time

relative comifiguration amid probable commfom’-
mation of these isomeric pairs of compoumids

(Fig. 1). Time cis isomers exist almost cx-

clinsively in time Ia conformation, with time

two larger groups equatorial to the pipc-m’i-

dine ring. In the trans isomers (II, R =

it-Pu’ and n-Bun , con formimer ha is more
fmuvom’ed thmun c-onfom’mer JIb. Fon’ time trans
isomer (II, R = i-Pr), conformationm ha is

still favored, but time contribution of JIb is

imigheu’ thami that fon’ time fou’ummer isomem’s. In

the case of the trans isomer (II, R =

CH2Pim), both confom’mmmcrs ha and JIb con-
tribute almost equally in t.he mixture at

equilibrium.
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Fmn. 1. Conformations of 1-Me/4-Ph-cis- and irans-..�-phen yI-4-t’or;nyl-.\-nu tlmyl-.V -a/ky! (or aralkyl)-

piperidiniurn salts

MATERIALS AND METHODS

Acetylchohinestcrasc I n’oun Electropho i’us

electricus, purified by clmroimmatogm’aphy ami(l

gel filtratioum (Worthingtomm Biochemnical
Coi’porationm, Fm’ecimold, N. J.) , was used fom’
experiments with true acetylchiolimicstcrasc.
Chmolincsteu’ase, a lyophilizcd powder fromn

horse serum, obtaimmed from time same firm,

was used for the experiments with sem’um

cimolinesterase.
The activity of time eimzynmes was meas-

uu’ed according to t.he procedure of Eliman
et al. (6) with a Beckman DK-2 spectro-

photometer. The final concentrations of the
reageumts were as follows: acctylt.hiocholine

iodide, 5.6 X 1O� M; phosphate buffer, pH
7.2, 3.9 X 1O� M; 5,5’-dithiobis (2-nitro-

benzoic acid), 2.1 X 1O� M. All reagents
(obtained from Boehriumger, Mannheim,
Germany) and the piperidinium salts were
dissolved in glass-distilled water. The reac-
tiomm was initiated by adding the enzyme
preparation to a cuvette contaimming all the
reagents. Time values of optical density at
412 m1t,. were measured from time second to

the sixt.h minute of the reaction. The non-
enzymatic hydrolysis of ATOm1 was found
to be negligible. The mean values of per-

The abbreviations used are: ATCh, acetylthio-

choline iodide; AChE, acetylcholinestcrase; ChE,
cholinesterase.

cemitagc inimil)it iou were plotted oum semilog-
an’ithmmmic pmupeu’ as a function of immhibithr
comic-emit n’atio�u, mmmd 50% inhibitioum values

tI.-,,) were dc-ten nmincd from curves with at
ic-mist six l)OimttS.

The K,,, values of ATCh-AChE and
ATCim-CiuE conmiplexes were determined
graphically by plottimig 1/v with respect to
1/tS accon’dinmg to Liumeweaver and Burk (7).

Time K1 values weu’e calculated from time
n’elationship

Km
k, = ‘50K + S

den’ived frommm time Michaeiis-Mcnten c-qua-
tioim lou’ a competitive system (8).

RESULTS AND DISCUSSION

1mm Table 1 are reported time apparent

dissociation constants (K1) of the enzyme-
immhihitou’ complex for 1-Me/4-Ph-cis- and
fran s-pipen’idinium salts. The competitive
nature of time inhmibitioum was verified by plot-

ting I against 1/i’ at two diffcrcmmt. substrate

concentn’ations (9) for two pairs of isomers,
namely I amid II (R = i-Pr) and I and II

(R = n-Bum), cimoseum as examples for both
series. Km for the hydrolysis of ATCh by

AChE was 1.93 X l0� M, and i)y ChE,

3.12 X 10� �i. These values are in agree-

meimt with those reported in the literature

(e.g., ref. 6).
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The K1 values of cis isonmem’s for ChE
w’cre genem’ally lower than timose for the

corm’espondiuig trans isomers, while the K�

values of ti’aims isomcu’s for AChE were

low’cr tlmaum those for time com’responding cis

series. Jail I shows that in time interaction

of cis isomers whim CluE, time K1 values

m’cmainued couistant witim clmain length from

C, to C.1, whereas a regumlar iumcrease of K�
can he obsem’ved imi the ease of interaction

of c-is isomen’s with the AChE systemn. A

similar rclatiommship, alt hougim less marked,

c-an he ohseu’vcd lot’ time tran.t isoummcrs.

substitutioum in time equatorial mnethyl group

iumcreases binding for time system I (R =

i-Pr)-CimE over that for time interaction of

I (R = i-Pm’) with AChE.
From timese resimlts amid frommm time ratio of

K1 values reported imm Table 1, it is evident
that time trans sem’ies displays more affinity

thaum the cis scm’nes for AChE, and the re-
verse is true for CimE (an exception is made
fon’ the isomeric paim’ of benzyl derivatives,

wimicim imave about time same inhibitory activ-

itv tow’mird time tw’o enzymes). Lemmgthemming

of time alkyl stm’aight chaimm in the c-isseries,

.\cet vlchuolinest erase

_\s i hue cluhiiniile.

lime iiemuz�’l derivatives showeol a dccm’ease

in affinity for AChE as compared with that

of time .V-diummethmyl derivative, aumd an in-

c-moose imm time afflmiitv for CimE, wimich dis-

pltiyeml mono’ adaptability to the chammges
iii time alkvl side chaium. 1mm time latter case

the hit’nizvl gn’oun�) caim improve binding to the

euuzvmne thn’ouugiu attu’action fou’ces due to the

am’onuiatic i’iuug ( 10)

Time sul)stitutioml of 2 hydn’ogenu atoms iii

the axial methyl gu’oup of I aum(l II (R

Mc- fon’ two nietimyl gu’ounps impm’ovcs time

adson’ptionm of the connpound to the emmzy-
nmat.ic siuu’face, amid this effect is more pro-

nounee(l in time iimteraction of II (R = i-Pr)
\vitlm ACImE. C)um the othei’ imautil, time same

itt fact., doc� muot inufluemmce time affinmity

toward CuE, lint (Ic-encases time affinity
tow’am’d AC1mE. Timis u’egular decm’ease in time

sen’ies wimichm (hisl)la\’s less adaptability to

time emmzvmimatie smmm’fao’e of ACimE is coumsistent

with imucreasiumg (iestai)ihzation of time enzy-

mimatic complex mis a result of eumimanmced imitem’-
fem’emice mi time al)l)m’oacim of time ring to time

pu’oteium surface. Time .� (SF) value has been
foummd to be -0.45 keal/mimole at 25#{176}for any

ailiiitiommal ummethyleume gn’oimp (II, 12)

As ha is duo fmmvon’eoi coumfoi’matiomm for

time 1 -Me /4-Phi-lions isomers (R. = n-Pr,
n-flu, amid i-Pu’) . we believe thani ant axial

alkvl sumbstitumcmit, i’athcr timan an equatorial
onme. c-aim account foi’ a i)etter fit to the
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anionic site of AChE. Time reverse is true

for ChE: here cis isonmers are more active

than trans isomers. As tIme 1-Me/4-Ph-cis

isomers exist almost exclusively as Ia con-
formers, we suggest that aim equuatorial alkyl

substit.uent accomunts for a closer fit. with the

anmionic site of ChE.
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