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ABSTRACT: With the modified Hammett—-Taft cross-interaction variations, multiple linear regressions of the
chemical shifts of NH protons iy, logkior;, —l0gK;, logk: and lodk; values for both substituted phenyitn-butyl
carbamates (1) and 4-nitropherfisubstituted carbamates 2 give linear correlations, and the cross-interaction
constants are-0.5, 0.3,—2.4, 2, 1 and 2, respectively. The cross-interaction constant for the correlation of the
chemical shifts of NH protons indicates that the psetrdasconformers are major conformers of carbamates 1 and 2

in CDCls. Thus, the distances between the substituents at nitrogen and phenyl of carbamates 1 and 2 are relatively
longer. In the transition states of protonations of carbamates 1 and 2 in aqueous soKgjoth(ise distances are also
longer. However, those distances of transition states foElle® mechanism of the basic hydrolysis of carbamates 1

and 2 and for the cholesterol esterase inhibition mechanism by carbamates 1 and 2 are relatively shorter based on larg
absolute values of cross-interaction constants. Moreover, the cholesterol esterase inhibition mechanism by
carbamates 1 and 2 is common in the formation of the tetrahedral intermediate and then the carbamyl enzyme. Basec
on the stereoelectronic effects, the x-ray structures of cholesterol esterase and large values of the corss-interactior
constants, the inhibition mechanism of cholesterol esterase by carbamates 1 and 2 is proposed. Cog@6ght

John Wiley & Sons, Ltd.
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INTRODUCTION and lipases may well be expected to be inhibited by the
same classes of mechanism-based inhibitors. Two

Physiological substrates of cholesterol esterase (CEasedlifferent x-ray crystal structures of bovine pancreatic

(EC 3.1.1.13), also known as bile salt-activated lipase CEase have been reported receffty’ Although

include cholesteryl esters, retinyl esters, acylglycerols, different bile salt-activation mechanisms for CEase are

vitamin esters and phospholipidis.CEase plays a role in proposed, the shape of the active site is similar to that of

digestive lipid absorption in the upper intestinal tract, lipases.

although its role in cholesterol absorption in particular is  In the presence of substrate, the mechanism of pseudo-

controversial~" A recent report indicates that CEase is substrate inhibitions of CEase has been proposed

directly involved in lipoprotein metabolism, in that the (Scheme 1 and Fig. 2f° Because the inhibition of

enzyme catalyzes the conversion of large low-density CEase follows first-order kinetics over the observed time

lipoproteins (LDL) to smaller, denser, more cholesteryl period for the steady-state kinetics, the rate of hydrolysis

ester-rich lipoproteins, and that the enzyme may regulateof EI' must be significantly slower than the rate of

serum cholesterol levefs.CEase shares the same formation of EI (k. ks).2°

catalytic machinery as serine protedseshat they have

an active site serine residue which, with a histidine and an K, Koo

aspartic or glutamic acid, forms a catalytic triad. The E+ $<—— ES ——> E+P

conservation of this catalytic triad suggests that as well as ‘

shar!ng a common me_chanlsm for substrat_e hydrol)_/3|s, Es ] === EI EI IR E+Q

that is, formation of a discrete acyl enzyme intermediate ;

K,' k

(4

via the serine hydroxyl group, serine proteases, CEase Eﬁiﬁ; p Sﬁ;‘;;“;y‘

Tetrahedral Intermediate

Adduct
*Correspondence to:G. Lin, Department of Chemistry, National o R
Chung-Hsing University, Taichung 402, Taiwan. Scheme 1. Kinetic scheme for pseudo-substrate inhibition of
Contract/grant sponsoNational Science Council of Taiwan. CEase in the presence of substrate and inhibitor
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1: R =n-C4Hg; varied X
2 : X = p-NOy; varied R

Figure 1. Structures of carbamates 1 and 2

The active site of CEasecontainsat leastfour major
sub-domains(Fig. 1):***%171%(a) the first acyl chain
binding site (ACS) that binds to the acyl chain of
cholesterylesteror the first acyl chainof triacylglycerol,
(b) the oxyanionhole (OH) A195, G107 and A108 that
stabilizesthe carbonylgroupof the substrater inhibitor,
(c) the estericsite (ES), comprisingthe catalytic triad
S194 H435andD320,thatcatalyzeghereactionand(d)
the secondacyl chain binding site (SACS)that bindsto
the cholesterylpart of the cholesterylesteror the second
acyl chain of triacylglycerol!® Therefore,the pseudo-
substratenhibition of CEaseby carbamated and?2 has
beenproposedFig. 1 and Schemel)*?1°

Structure—reactivityelationshipsfor the inhibition of
CEaseby aryl carbamatesave beendemonstratedas
important probesto understandhe inhibition mechan-
ism*?7*° The Hammett, Taft—Ingold and Jav—Hansch
correlationshave been extensively used to study the
inhibition mechanismof CEase.However, no cross-
interaction effect between two substituentsin aryl
carbamatediasbeentakeninto account.Therefore,we
first apply the cross-interactioreffect to the structure—

reactivity relationshipsfor the inhibition of CEaseby
carbamated and2.

Interactions between substituents(cross-interaction)
havebeenderivedfrom a multiple Hammettcorrelation:

log(kxy /KuH) = pxox + pyoy + pxyoxoy (1)

wherepxy is the cross-interactiomonstant* =’ Leeand
co-workerd* =23 consider pxy to be a measureof the
distancebetweengroupsX andY in the transitionstate
and havedevelopedempirical relationshipshetweenthe
cross-interactionconstantand intramolecular distance
(lpxy| variesinverselywith distancebetweensubstitu-
entsX andY). However,the cross-interactiorphenom-
enonis limited to systemswith two substitutedphenyl
groups. In other words, Eqgn. (1) can only apply the
Hammettsubstituentconstants(c)?*~2" to disubstituted
phenyl compoundsin this work, we tried to apply the
cross-interactioreffect to carbamated and 2 that vary
the substituentdoth at the phenylgroupandat nitrogen.
In other words, we report the cross-interactioneffect
betweens andthe Taft substituentonstantgs*) >4~2’

RESULTS
The pK,, logkjor) andény valuesof carbamated and2
and the —logK; and logk; valuesfor the inhibition of
CEaseby carbamated and 2 do not correlatewith the
equation

|Og(kXR) = constant pxox + p*o* + pxroxo* (2)

where gx, ¢* and pxr are the Hammett substitutent

Table 1. Substitutent constants and kinetic data for inhibitions of CEase by carbamates 1 and 2

X? R o o* oo o*P Ki (um)° ke(10°sH° kM ts?)F
p-OMe n-Bu -0.27 -0.13 0.035 (7+1)x 10° 5.4+ 0.4 0.8+0.1
H n-Bu 0 -0.13 0 740+ 70 50+0.3 6.7+0.8
m-OMe n-Bu 0.12 -0.13 ~0.016 390+ 30 45+0.3 12+1
p-Cl n-Bu 0.23 ~0.13 ~0.030 82+8 44+0.2 54+ 6
m-Cl n-Bu 0.37 -0.13 —0.048 120+ 10 4.3+0.2 36+ 3
m-CFs n-Bu 0.43 ~0.13 ~0.056 35+5 44+0.2 120+ 20
p-CFs n-Bu 0.54 -0.13 ~0.070 44+03 4.2+0.2 960-+ 80
m-NO, n-Bu 0.71 ~0.13 ~0.092 3.6+0.3 4.0+0.2 1,100+ 100
p-NO, n-Bu 0.78 -0.13 ~0.10 2.6+0.3 3.8+0.2 1,500+ 100
p-NO, n-Bu 0.78 -0.13 ~0.26 26+0.3 3.8+0.2 1,500+ 100
p-NO, n-Pr 0.78 —0.12 —0.24 29+03 3.74+0.04 1,300+ 100
p-NO, Et 0.78 ~0.10 ~0.20 31403 3.85+:0.03 1,200+ 100
p-NO, n-Hex 0.78 -0.15 —0.30 32+04 3.0040.03 900+ 100
p-NO, n-Oct 0.78 ~0.13 ~0.26 3.6+ 0.4 3.75+:0.04 1,000+ 100
p-NO, CoH.CI 0.78 0.39 0.77 58+0.7 1.21+0.04 210+ 30
p-NO, CH,Ph 0.78 0.22 0.44 44+05 8.814+0.09 2,000+ 200
p-NO, Allyl 0.78 0.1 0.20 38405 6.00+0.05 1,600+ 200

@ The substituentsk and X of carbamated and2 (Fig. 1)34
For carbamateq, « = 1; for carbamate®, o = 2.54:
¢ Obtainedfrom fitting the kapp valuesof Eqn. (4) (seeExperimental)-?

Copyrightd 2000JohnWiley & Sons,Ltd.
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Figure 2. Mechanism for the protonation of carbamates 1 and 2 in aqueous solution

constantthe Taft substitutentonstanandthe Hammett— X isvaried(carbamate4) and2.54whenX is p-NO, and

Taft cross-interactiorronstantrespectively.

R is varied (carbamate®) (Tablel).

However,valuesof pK,, logkiorj, dnH, —10gK;, logk. The results of thesemultiple linear correlationsare

andlogk; correlatewith the equation

|Og(k)(R) = constany- pxox + p*o* + pxraoxo* (3)

summarizedn Table 2. Therefore,the mechanismgor
carbamate4 and2 with respecto the pK,, logkior), Onm,
—logK;, logk. andlogk; systemsarecommon.Moreover,
the pxr valuesof pK,, logkion), Onn, —l0gK|, logk: and
logk; correlationsare 0.3, —2.54, —0.5, 2, 1 and 2,

where« is the weighing factor of the cross-interaction  respectivelyThe|pxr| valuesfor pK, andéyy are<1 but
term.The« valueis definedto be 1 whenR is n-C4,Hg and thosefor logkior, —l0gK;|, logk: andlogk; are >1.

Table 2. Cross-interaction analyses of structure—reactivity relationships for énp, pK; and logkjop; of carbamates 1 and 2 and the

inhibition of CEase by carbamates 1 and 2°

b

Parameters ONH pKa Logkion —LogK; Logk, Logk;
0 0.08+0.08 9.8+0.1 2.3+0.2 3.7£04 0.0£0.5 3.6+0.5
p* 1.8+0.5 -1.5+0.7 6+1 —4+2 -0.5+0.2 —-4+3
PxR® 0.5+0.2 0.3+0.3 —-2.4+05 2+1 1+1 2+1
h 5.21+0.07 9.8+0.1 4.3+0.2 25+0.3 -2+1 0.3+0.4
RY 0.9759 0.9983 0.9965 0.9838 0.8892 0.9661

& For carbamated and 2 the Eqn. (3) (logkxg=h+ p o + p* ¢* + pxr @ 0*0; « =1 for carbamates; « = 2.54 for carbamate®) is usedin

correlations.

P All *H chemicalshifts (§, ppm) arereferredto internal TMS (300MHz, CDCly).

¢ Cross-interactiorconstant.
9 Correlationcoefficient.

Copyrightd 2000JohnWiley & Sons,Ltd.
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Figure 3. Alkaline-catalyzed hydrolysis of carbamates 1 and 2 via £1cB*%°
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Figure 4. Mechanism for the alkaline-catalyzed hydrolysis of carbamates 1 and 2 via £1¢cB
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Figure 5. Two possible tetrahedral adducts, TD 11 and TD 12, for the inhibition of CEase by carbamates 1 and 2. TD 11 and TD
12 are two most stable species owing to the lack of the rabbit-ears repulsion.3" TD 11 is more stable than TD 12 because of the
repulsion between the substituent R and $194 in TD 16 and the favorable interaction between the substituent R and ACS for in

11

DISCUSSION

Thatthe pK,, logkion;, nHe —l0gK; andlogk; valuesfor
carbamatesl and 2 do not correlatewith Eqgn. (2) is
probablydueto the fact that the substituentsat nitrogen
(R) andatphenyl(X) (Fig. 1) donotcontributeequallyto
the cross-interactiorterm. However, the pK,, logkion;,
onms —logK; and logk; values show multiple linear
correlationswith oy, o* andaoxo* [Eqn. (3) andTable
2]. The o valuein Eqn.(3) is definedto be 2.54because
the p* for basichydrolysisof benzolateester ArCOOEt,
from the Hammett equationis 2.54%° Therefore, the
contributionfrom the R substituenbf carbamateg and2
(Fig. 1) is 2.54-fold higher than that from the X
substituenbf carbamate4 and2 to the cross-interaction
term becausethe substituentR is much closer to the
reactioncenterthanthe substituen¥X (Fig. 1).

Therearetwo possibleconformationof carbamateg
and 2 in solution, pseudorans and pseudoeis con-
formers(Fig. 2). The |pxr| valueof 6y correlationis 0.5
and less than those of logkior;, —logK; and logk;
correlations(Table 2). Therefore the distancesetween
the substituent®k andX of carbamate4 and2 in CDCl,
are far away and the pseudowans conformers are
dominant in the pseudokans-pseudceis equilibria
(Fig. 2).

The|pxr| valuefor thepK, correlationof carbamate$
and? is the smallestone (0.3) (Table 2). Therefore the
distancedetweerthesubstituent® andX of carbamates
1 and 2 in the transition statesof the protonationsof
carbamated and 2 are relatively longer than those of
other systemsstudied (Table 2). Hence the transition
statesof the protonationsof carbamatesl and 2 are
predictedto be TS 3 (Fig. 2). There are two possible
reasonsfor this: (a) the pseudotrans conformersare

Copyrightd 2000JohnWiley & Sons,Ltd.

dominant in the pseudotrans-pseudceis equilibria,
which leadto TS 3 (Fig. 2), and (b) the lone pairs at
the nitrogenatomsof the pseudoeis conformersare not
perpendiculato the C=0 = bondsowingto therepulsion
betweenthe substituentR and the substitutedphenyl
group,which makeTS 3 lessstablethan TS 4 (Fig. 2).

The basichydrolysisof carbamated and2 proceeds
via the ElcB mechanism (Fig. 3)272° The rate-
determiningstepof E1cB canbeeitherthe deprotonation
step (the first step, pxg =0) or the formation step of
isocyanate(the secondstep, pxg # 0).2>2>2°The non-
zeropxr value(—2.4)for thelogk;ory correlation(Table
2) confirmsthatthe secondstepof this E1cB mechanism
(Fig. 3) is therate-determiningtep?® The | pxg| valuefor
the logkjon; correlationis the largest(2.4) in Table 2.
Therefore the distancebetweerthe substituentfk andX
of carbamate& and2 in thetransitionstatesof the E1cB
mechanisn(Fig. 3) shouldbethe shortes{TS 10in Fig.
4) accordingto Lee’sprediction®® Thetransitionstateof
the E1cB mechanism for the basic hydrolysis of
carbamated and?2 is predictedto be TS 10 insteadof
TS 9 probablybecause is more stablethan7 owing to
thefavorableantiperiplanainteractionbetweeronepair
aandtheanti-bondingof C—O ¢ bondin 8 (Fig.4).3* On
the otherhand therepulsionbetweerlonepair b andtwo
lone pairs of the phenol oxygen makes compound?7
unstable.

Like all aryl N-alkyl carbamate carbamatesl
and?2 arecharacterize@s pseudo-substratahibitors of
CEase becausethese inhibitors meet three criteria
proposedby Abeles and Maycock®? The enzymecan
be protectedrom inhibition by carbamate4 and2 in the
presenceof a competitiveinhibitor, trifluoroaceticacid
(TFA).2® Therefore, carbamates1l and 2 are also
characterizedsthe pseudo-substraiahibitorsthatbind

é2—19
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Figure 6. Two possible transition states, TS 13 and TS 14,
that lead to TD 11 and TD 12 (Flg 5), respectively. TS 13 and
TS 14 are two most stable speoes according to the prediction
of the stereoelectronic effects.3" TS 13 is more stable than TS
14 because of the repulsion between the substituent R and
S194 in TS 14 and the favorable interaction between the
substituent R and ACSin TS 13

to the active site (ACS—ES—OH)of the enzyme(Fig. 1)
(see Return of activity and protection by TFA in the
Experimentakection)-8*°Sincethe p andp* valuesfor
the CEase inhibitions by carbamatesl and 2 have
opposite signs**® the mechanismsfor the CEase
inhibitions by carbamated and 2 may be different. In
other words, the inhibition by carbamate2 may not
follow the samemechanismasshownin Fig. 1 owing to
the negativep* valuefor the —logK; correlation,which
apparentlyis not the characterfor the formation of the
negativeEl tetrahedraladduct(Fig. 1).*® However,the
common mechanism for the CEase inhibition by
carbamated and?2 (Fig. 1 and Schemel) is confirmed
in this studybecauseaall —logK;, logk. andlogk; values

Copyrightd 2000JohnWiley & Sons,Ltd.

are correlatedwith Eqgn. (3) (Table 2). Therefore,the
CEasenhibition mechanism$y carbamated and?2 are
common(Fig. 1) and the K; stepsfor the mechanisms
shouldbe further divided into two steps.

For the K; stepof the inhibition mechanism(Fig. 1),
TD 11 andTD 12 (Fig. 5) aretwo very stableadducts
becauseboth lack any two-lone-pairs repulsion (the
rabbit-earsinteraction) based on stereoelectronicef-
fects®! Stereoelectronieffectsalso predictthat TS 13
and TS 14 (Fig. 6) aretwo very stabletransition states
becausé¢helone pair onthe nitrogenin bothstructuress
at the antiperiplanarposition for the direction of the
nucleophile(serine)attack. TS 13andTS 14 thenreactto
form TD 11 and TD 12, respectively.Basedon the x-
ray'®**andkinetic datd"*°for CEase ;TS 13is amore
favorabletransitionstatethan TS 14, probablybecause
the alkyl group of TS 13 is in ACS whereasthe NH
hydrogenof TS 14isin ACS andthe R substituenbf TS
14isin repulsionwith the S194nucleophilewhereaghis
repulsionis lacking in TS 13 (Fig. 6). The large |pxR|
valuefor the —logK; correlation(2 + 1) predictsthatthe
distancebetweenthe substituentR and X in TS 13 is
muchcloserthanthatin TS 14 andalsoconfirmsthefact
that TS 13 is morestablethan TS 14 (Fig. 6).

For the carbamylation (k;) step, stereoelectronic
effectspredictthat only two moststableTD 11 andTD
12 (Fig. 5) amongsix tetrahedrabdductsare capableof
forming the carbamylenzymesbecausehe antiperipla-
narinteractionbetweerthe lone pair of nitrogenandthe
anti-bondingorbital of the C—O ¢ bondis availablein
TS 15andTS 16 (Fig. 7), whicharefrom TD 11andTD
12, respectively*! Basedon the x-ray*®** and kinetic
datd *°for CEaseTS 15is a morefavorabletransition
state than TS 16, probably owing to the favorable
interactionbetweenthe substituentR of TS 15 and the
ACS of the enzyme(Fig. 7). Therefore the |pxr| value
for thelogk. correlation(1 & 1) predictsthatthedistance
betweerthe substituent® andX in TS 15is muchcloser
thanthatin TS 16.

Thek. stepis therate-determiningstepfor the overall
inhibition mechanisnik;) becausall k. valuesaremuch
smallerthanthe 1/K; values(Fig. 1 and Schemet).**71*
Thus, TS 15for thek. step(Fig. 7) is lessstablethanTS
13 for the K; step(Fig. 6). Sincethe pxr valuefor the
logk; correlationis the sum of the valuesfor both the
—logK; correlation and the logk. correlation, the pxr
value for the logk; correlation (2 + 1) should be the
greatestthat for the logk. correlation(1 + 1) shouldbe
the secondand that for the —logK; correlation(2 &+ 1)
shouldbe the smallest.Although the experimentaldata
are not completely confirmed (Table 2), the distance
betweerthe substituent&® andX in TS 15(Fig. 7) should
be shorterthanthatin TS 13 (Fig. 6). Furtherevidence
thatsupportghe distancebetweerthe substituent® and
X in TS 15 being shorterthanthatin TS 13 is that the
latter has some coplanar, trans character for the
substituentsR and X from the starting pseudatrans

J. Phys.Org. Chem.2000;13: 313-321
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TD 11
Interaction
v between the lone

pair with ¢* of C-O
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pair with o* of C-O
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Figure 7. Two possible transition states, TS 15 and TS 16, that lead to the carbamyl enzyme from the tetrahedral adducts, TD 11
and TD 12, respectively. TS 15 is more stable than TS 16 based on similar reasons to those in Fig. 6

carbamategFig. 4), which makethe distanceof TS 19
longerthanthe distanceof the moretetrahedral-likeTS
15

Overall,thecross-interactiomnalyse®f thestructure—
activity relationshipsallow us to proposethe CEase
inhibition mechanismby carbamated and 2 shownin
Fig. 8. First, the more stablepseudoirans carbamated
and 2 diffuse into the enzymeto form the enzyme—
inhibitor complex 16. The lone pair of the carbamate
nitrogenof complex16 thenrotates90° aroundthe C—N
partial doublebondto interactwith the amideproton of
OH (G107,A108 and G109)of the enzymethroughthe
hydrogen bonding and to form the enzyme—inhibitor
complex17 thatresultsin the developmenbf the partial
positivechargeat the carbamatenitrogenof complex17.
Thereforethe p* valueof the —log Ki—o* correlationfor
carbamate® is negative(—4 + 2) (Table2).X®* Complex
17thenleadsto thetetrahedraidductTD 11, throughthe
transition state TS 13 (Fig. 6). TD 11 then form the
carbamylenzymepseudoeis-18, throughthe transition
stateTS 15 (Fig. 7). Moreover,the large pxr valuesfor
all inhibition data (Table 2) confirm the fact that the
distancedetweerthe substituent&® andX for all species
in Fig. 8 exceptcomplexl16 arerelativelyshorterthanthe
distancefor pseudotrans carbamated and 2 (Fig. 1).
Furthermorethe shortdistancebetweerthe substituents
R and X for complex17, TS 13, TD 11, TS 15 and

Copyrightd 2000JohnWiley & Sons,Ltd.

pseudoeis-18 strongly agree with the fact that the
movements of all atoms in the CEase inhibition
mechanismobey the principle of least nuclearmotion
(Fig. 8).2>%¢

FromaroughMM-2 calculationusingCSCChema3D,
TS 4, compoundB andTS 10 aremorestablethan TS 3,
compound? and TS 9, respectively(datanot shown).
Hence,the abovepredictionbasedon the rough MM-2
calculationalsoconfirmsthe mechanismé Figs2 and4
derived from the results of the Hammett—Taftcross-
interactionsHowever,it is difficult to predicttherelative
stabilitiesamongpossibletransitionstatesor tetrahedral
adductsfor the CEase-catalyzedeactionby theoretical
calculationsowing to the huge molecularweight of the
enzyme(63+ 3kDa)*

EXPERIMENTAL

Materials. All chemicalsand biochemicalswere of the
highestgrade available. CEasefrom porcine pancreas
and p-nitrophenylbutyrate(PNPB) were obtainedfrom
Sigma; other chemicalswere obtained from Aldrich.
Silica gel usedin liquid chromatographyLicorpre silica
60, 200-400 mesh) and thin-layer chromatographic
plates(60 F.s,4) wereobtainedrom Merck. Thesynthesis
of carbamated and2 hasbeenreportedpreviously>*

J. Phys.Org. Chem.2000;13: 313-321
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Figure 8. Proposed mechanism for the formation of the carbamyl enzyme, pseudo-cis-18, from carbamates 1 and 2 and CEase
through complex 17 and TD 11. The hydrogen bonding between the amide protons of OH and the lone pair of the carbamate
nitrogen develops a partial positive charge at the carbamate nitrogen, which leads to a negative p* value for the —logK;

correlation'®

Instrumental methods. *H and **C NMR spectrawere
recordedat300and75.4MHz, respectivelypnaVarian-
XL 300 spectrometerThe *H and **C chemicalshifts
were referred to internal tetramethylsilane (TMS).
Steady-statekinetic data were obtained with a UV-
visible spectrophotometefHP 8452 or BeckmanDU-
650) with a cell holdercirculatedwith a water-bathThe
pKs valueswere obtainedfrom pH-stattitration (Radio-
meterPHM 290).

Data reduction. KaleidaGraph(version2.0) and Origin
(version 4.0) were usedfor both linear and non-linear
least-squaresurve fittings. Stat Work and Origin were

usedfor multiple linearleast-squaresegressioranalyses.

CSCChem3D wasusedfor theroughMM-2 calculation.

pK, and logkon;. ThepK, valueswereobtainedrom the
pH-stattitration. The valuesof logkjor; were obtained

Copyrightd 2000JohnWiley & Sons,Ltd.

accordingto the proceduref Fuijita et al.?® The first-
order rate constant,k.yq, of the acyl derivativeswas
obtainedrom theUV-visible spectrophotometriesults,
aftercalculation.Thevaluesof logk;on Weredetermined
asthe interceptof the plot of logkyyq Vs log[OH]. The
reaction temperaturewas kept at 25.04+0.1°C. All
reactionswere performedin sodium phosphatebuffer
(1 ml, 0.05m, pH 8.0) containingNacCl (0.2m), aceto-
nitrile (2.5%, v/v), Triton X-100 (0.5%, w/w) and
substratg5 umol). Reactionswere monitoredfrom 214
to 288nm accordingto different absorptionsof X—
CeHs—OH >

Steady-state enzyme kinetics. The steady-stat€CEase
inhibitions were assayedy Hosie et al.'s method***°
The temperaturewas maintainedat 25.0+ 0.1°C by a
refrigeratedcirculating water-bath.All reactionswere
performedin sodiumphosphateouffer (1 ml, 0.1m, pH

J. Phys.Org. Chem.2000;13: 313-321
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7.0) containing NaCl (0.1m), acetonitrile (2%, v/v),
Triton X-100 (0.5%, w/w), substrat§50um PNPB)and
various concentrations (from 10°’ to 10 ?m for
carbamated; from 1078 to 10 3m for carbamate<)
of inhibitors. Requisite volumes of stock solution of
substrateandinhibitorsin acetonitrilewereinjectedinto
reaction buffers via a pipet. Porcine pancreaticCEase
was dissolvedin sodium phosphatebuffer (0.1m, pH
7.0).Reactionswereinitiated by injectingenzyme50 pg
or 1 unit (umol min~1)] andmonitoredat 410nm on the
UV-visible spectrophotonter. First-orderrateconstants
(kapp Values)for inhibition of CEaseweredeterminedas
describecby Hosieet al. (Schemel).****Valuesof K;
andk. canbeobtainedy fitting the dataof k,,,and[l] to
Egn. (4) by non-linear least-squaregegressionana-
lyses??

Duplicatesetsof datawerecollectedfor eachinhibitor
concentration.

ke[l]

oor = Ki(1+) + 1

(4)

Return of activity and protection by TFA. For thereturn
of activity study, CEase(50ug) was incubated with
carbamatel or 2 (1 um) in the absenceand presenceof
TFA (21Mm),*® a known competitive inhibitor of the
enzymebeforetheinhibition reaction.The concentration
of the substratg PNPB)was0.2mm for CEase All the
otherproceduregollowed thoseof Hosieet al.}2+317-19
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