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The Effect of Fluoride on the Reaction of Acetylcholinesterase

with Carbamates
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s muMA ItT

Time effect oof flunoum’ide oun tint’ rates oof ctom’banmvlationn �oumd decan’bmnnmmyiat,icnu oil acetyl-

o’huoiiitnesterase was stunolic’d unsinug oliummethmyicam’banmvl fluncou’ide, olim(’t-hmyican’bamylcimouline,

aumol nmmonuoonmmc’tinvlcan’banmvlcinoohiumo’ as carbanmvlatiung ungenuts. Inn all cases counmceumtm’atiouuus ouf

fhiuon’iolo’ betweenn l0� mu aumd lO� mu, whmichm nmmarkedlv o!ecn’easeol tint’ rate oil hivdroulvsis of

acc’t-vlcincohinme,alsou nmman’ko’dly olecn’o’ased time rate of cam’baummviaticonm. ( )um time othuem’ imand, coun-

cennt-n’at iouns oil fluncon’ide as high as 0. 1 mu iltil(’(l to) affect- t ho’ rate cii o!ectnn’bannlatioum of tine

oliutmo’thmvlcarbtumvl -enmzynme aunol thmc’ nmoonnounmethtvlcarbaummyl-eumzyme. I’hinooride was also witim-

ouunt effect- ouum t-lte umumcieouph oilic decan’bummylaticuim oum’ u’eactivatiooum caunseo! by ityolm’oxylamitte

annul cimoulinmo’.

I NTt(O�iUCTI0N

�1’imis stuno!v oil tint’ effect oil flumon’iole oit tint’

u’etnct-icuum 0)1 acetvhcimoliimesteu’tnse with cam’-

hanmntes mmas umundeu’t-oko’um loom’ its cown iumt-en’est

motto! alsoi ium time iiOI)e oil clarifyiumg tint’ kiumetic

nmmechmaumisnm whereby flinooriolo’ iumimibits acetvl-

o’iu(oiiuu(’sten’ase. So’ven’ai stindit’s oil time iumhmibi-

t-iouuo by fluourido’ oil tint’ acetylcinouhiumo’stt’n’ase-

cnutaivzeol imvo!n’oolvsis of acetvicimooliume imave

simoowut time pimeinooimmeuncoun too be m’atinei’ conmpli-

o’ot-o’ol,alt-imoougintime effect cii fluou’ide is m’apid

autol u’o’ven’siblo’ onmol nmco nmmet-ul iouns au’c’ iun-

voolveol (1-5).

i”lucoride inminibitionn is best oliscusseol wit-in

thno’ tic!cii tint’kinnetic scimeummo’loom’euuzynmatic

hydrolysis of stmbstnato’s (Scinenmo’ 1), whmere

This wmnn’k was snupiomortemh liv ( �rumnt N B 07156

fnmnnnn t ho’ Nat iminnal I must nu nntes mif I lealt Ii omnd wis

okc’un frminmm a dissent 01uminu smnhonuti it ed b� (‘arol NI.
o ro’o’nnspann 1mm (milnnnmbia lJmniversity inn pan’tial

fonifillmemutmnf thom’ reojnnimennennts fmor limo-’ degree of

I )mimtmmn’ mnf Pinilosmmiihv. A pno’linnimnon’y ro’pmnu’t has

oiulueorech ]1�ed. Pro. 26, 448 (1967)].

m�’ is acetvlclmouhiume, P1 is cimoliime, P2 is acetic
acio!, E is o’umzvnme, tumid F’ is time acetvl-eun-

zvme iumtermediate. It is appareimt timat titere

an’e tim nec’ eunzvnmo’ lou’nmms witim wimicim fluom’iole
nmigimt counmbiime, aumd tinree reactionm steps timat

migitt- be ittitibited. Inn om’olo’rtoo explaiun his

u’esults, Krupka (5) iunvookeol all timese possi-

bihit-ies.

k it

E#{247}S�E.S-LE’+ �

+ H20, k4

(SCHEME U

Tint’ N-nmethyl- aund N,N-dimetimylcan’bam-

utes (oil chmcuiinne, foot’exannple) titat we inave

used n’eact mvithm acetvlcitouliunesteu’ase itt ac-

corol with time same scineme timat- applies foom’

time n’eactiouun ol sunbstn’ates wit-it time eunzynmme.
line nmechmaumisnm is thmoounghmtto be t-lmc’ sanme,
on’ at least- very simihan’.

linese snnbstnnuncc’s n’o’act witim tine ennzynmo’
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K k

HEit 1 :::�:;;. HEZ-�-�- E’ + HX

it 920, *4

HE +

SCHEME Z I

where I is (CH3)HNCOX or (CH3)2NCOX,

[or (CH3)2NCOOH]

to form metimvl - ammo! olinmethmvlcarbamyl -cit -

zvme iimtermediates, whichm in turum slowly

react withn water to conmplete time inyolrolysis

of time carbamate. Timus, these substtumces

are extremely I)�0)r substm’ates (6-10) , but

imistoricahiy timey hmave been regai’ded as iim-

imibitors oil this enmzyrne auto! we shail refer to)

tinenmm as ininibitors. Time u’eactio)nm is depicted

itt Scimeme 2, winere I is (CH:n) HXCOX or

(CH3)2NCOX, F’ is time coovaleumt N-nmethy!-

o)r N,N-dimetimylearbamyl-enzyme , auto! X

is th(’ leaving groln�). HX is eit-hmer cimohiume or

hydrogemm flunoride iim this stuo!y . All Is are

disscociationn commstants.

‘iime synnbol HE, ium wimich time H iimo!icates

time inydrogeun ato)m oil time imydroxyl groou�) of
the active serimne resiohmo’ , is usc’d to represent

fret’ emmzvme ratimer timaim F, 50) timat a bal-

aumced o’qunatioum caum be wn’it-teum. However, we

(10) uncut wishm to inmply amy nmechnaimistic mole
imt’re to H, aitim(uugh onme nma-y exist, or to)

imply tinat it is time stonme H as in HX. lun time

later matime nmtttical developnmo’tmt we si nail

use F as time symixul tund imot be coouncem’une(l

w�ithn balaumceol o’quatiouns. IT!? anmd I are esseum-

tinIly iun eo1unilibu’iunm with HE ‘ I. Becaumse

decan’barnvlatiooum is �erv sl(i\V (h uall-t me

about 30 mini) , it is possible too stundy tine

effect of flinooriole separately oum carbanmylation
aimd decarbanmvlatioonm. From tinese observa-
tioums we nmav be able to infer wimat effect

fluoride inns out acetvlation anno! deacetvla-

tioum.

mnATEHIALS AND METHODS

Enzyme. Tiuree pu’epau’atioums oil acetyl-

cinoiinnesten’ase ironmm Lleetrop/ooo’us eleetrieu.s

wero’ used in timis ��oork. Two, LK 1 auto! LK 2,

were gifts ol 1)r. Leoum Kremzumer, aumd time

third was lot GFA from Worthmiumgtoum Bio-

chemical Corpouration. Time respective spe-

cifle activities were 140, 100, anmol 60 mmoles

of acetyicimoline hmydroiyzed per milligram of

proto’ium per honnr at 250 and pH 7.0. (lime

puriflcatiouum prouct’oliureis olescribed iumref. 11.)

I’]nzynie assay. Snmall nlioiuouts 01 tine cnn-

zvnmo’ solutiooims were added too 0.5 nml cii

bufler coumtaiumiumg 2.9 X 10_n � ao’etylchnoAiunt’.

I’uuzynmme activity mvtns nmeasunr(’o! at 25#{176}and

1)H 5.0 by the decrease iii acetylchmoliume coum-

co’untu’atiouun uitem’ 1-6 nmin, os do’ten’nmmiuno’d by

ti ue colooninmetric imvoln’ooxanmmio’ aciol ummet imouol

(12). Thuo’ bumifer was 0.02 murfn.isHC1 0.15 mu
Na(’l, 10-:) mu I’1)l��, 0.01 r; gelnotium, oumd

1 X 102 mi CnCl2 (our 5 X 10-2 mu). (‘alciunm
\\.tts iumclumoleol to) u’enmo)ve flmnorido’ that ��as

i�’o’seunt inn hnigim counceumtm’atiouum iun sooumme cii tint’
eimzvnme sohmticuuts. ‘line luu’o’so’unco’ 0)1 calciunt

precluoleol tine usc’ o�ul iuhicisi)hmtttt’ buiffen’s; timere-

loire Tnis was useoil aunol thuo’ PH W� so’t- at

8.0.

( ‘arbain�jIa!ion . \Viuo’nn a cau’banmato’ is inucum-

bnoted �vitit o’imzynmo’, to stea(lv stote is np-

pu’( uacimo’(l imu w’imio’in t hut’ nato’ oil cau’baummyiot io onn

c’oiunals time i’ate cii do’carbanmvlatioun, inn ucc(ur(!

mvit-ii Schmetno’ 2. ‘limo’ t’xto’nnt oul cau’banmylot io )un

rum time steaol� state do’penuds unpoun thou’ couum-

ceumt-rat-ioum cii cai’banmtte ininibitou’. Inthoibitoor

(olinimet-hnvicarbamyl fluoou’iole, o!inmmt’tIuyictmr-
bo nmmvlci nol iumo’, mcoumoonmmo’tI uylcan’ba umm�hci noohinto’)

tumid oliiunte o’umzvne (a�upn’ooxinmato’l\ 2 X

10�� x) w’o’n’e iimcunbatu’oI jut buffer �vithn auool
mvithnout fluou’ide loom’ at- least- six hnoii-tinmmes

io�un’ tint’ appn’o)acim to tint’ steady state. .�li-

otuots weu’e assavo’d four eunzynmme activity at

yan’iouins tinmes ununtil coumstauit valuno’ o’oin’re-

spoumoliung to tint’ stu’aoly state m�ero’ ouhtoinut’oi.

limo’ olecn’easo’ inn eumzvnme activity inn thou-’

stettclV state as c(onmpareoi too cciuutroils wit iumotnt

ctun’banmat o’ I nuhnibit ioun gavt’ t hne coounco’unt u’at iouun

0)1 can’banmvl-ennzyummu’. lime countn’ouis did nnout

ehmange �vitlm titmme. Summahl co)rrectionns �vt’re

nmaolt’ icon’ timt’ slight o!ecarbammmyiationn thuat
occuu’s duniung thtt�’ tinme n’(’ohuun’eolloon’ tint’

assay.

1)eeaiba?n/JlatioIi . (‘an’baimmyl-c’umz�nmte soolun-

tions iim whmielm about- SO e; of tint’ enz�’nmmo’ wi,’

cam’btunmylated w’u’n’o’ l)reruan’u’d as to ho uvo’, hut

withm couumceuntn’ateoi euuzynme (10’’ x), unsinug
olimetimvicarbarmnvlcimoulinme anno! nmoonnoummo’thuyl-

carbanmvlcinoulinme as time carbaumioto’s. Tine

carbanmvl-eumzyme soihmtioum wus dihuntm’o I 500

times iumtoi bunifer witim auto! without flunoon’iole

auto! ot-hmeu’olo’sin’eolsnmbstaumces (cimolmum’, iuy-

olroxvlanniumo’), annd aito’r sunitablo’ titmmes ali-

quots were wit hndm’awut auto! assayo’d fmor (‘In-

Zvfltt’ noctivity. lint’ i’tntt’ (if iuncn’o’ase oil
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MINUTES

Smodiurum I)hmisiuhate

Smidimunt 1)hmmsphate

Smmoliunnm phmisl)hate

Tnis-l I Cl

Tris-i 1(‘1

0 28

1 X 10- 28.5

4 X 10� 27.5
0 28

1X102 28
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euuzvnmmo’ activity givu’s timo’ n’tttt’ oil olecar-

banmvlat ioinm cii tine (‘ttZ’iflt(’.

Buffer. Tint’ buffer unso’d inn carbntnmylatioum

auto! olt’ean’banmmylatioum \\�i,5 time same as br

t’umzynmt’ assay , o’xco’pt thmat thme coounceumtn’atioon
cii Tnis-H(’l was 0.001 mu aimd tint’ pH was 7.0.

RESULTS

So’inenio’ 2 iunolicatt’s t-hmat time n’eactioun be-

tW’t’(’ti 10 carbanmatt’ innimibitoom’ tund o’uuzynme

appn’ooachuo’s a st(’ady state iun �vimicim tine rate

of carbanmvlatiouum eoiunals tint’ rat-c 0)1 decar-

banmylatioum. 1mm thmis �vtty time carbanate is

hvolroolvzo’ol, bunt if tine cOumco’uttu’ntio)uu ooi car-

banmato’ is nmtnchm gn’o’ato’r timaum thue ccoumct’nntu’a-
tioun oil o’uuzvnme tinu’u’o’ �vili bu’ little chmaumge inn

tint’ c(uunc(’Intu’at-iooum oil thu cau’btonmate, tumd tint’

coonnceumtrtotic)uu cof cau’bamvi-enmzvnme (L”) will

u’enmmtuumcounstaunt boon’ nannv imounrs. II such a
solintionu is t’xteunsivu’iv diluted, tine rato’ ouf

carbamvlatiouum bc’eonmes seumsibhy zerc� , bunt
olecarbamylatiouum is ununaffectu’o! 5(0 titat time

umew st-elo(ly state whichm xviii be al)1)roached

correspoum(ls tc zt’n’o coimceumtrationn of car-

barnyl-o’unzy flmt’ . Tint’ rtote of decarbamylatiomm

is o’asily follouwed as time system moves to-

ward this unew stt’ao!y state.

‘line u’atu’ oil decam’bantylatiooum oul thn(’ moumo-

ummethmvlctorb:n m�’l -eumzvme ium time presu’umce anmd

abso’unct’ ouf fluoride is simowum ium l’ig. 1 . Eveim
102 mu 1� does umot affect t-imo’ m’ate cuf decar-

bam�’Iat io)n I. Si milat’ rc’sunit-s �vo’ro’ oobtaiumed

witit t hit-’ olimethvlcau’bamyi -c’umzvnme (Ta-

ble 1 ) . 1’m’eun 10’ mn l” iun ouume experimeint

did not- iimimibit decarbanmvlaticoun (Table 2).

These results must be couumtrasted witim tine

o’ffo’ct-0)1 fluoom’ide out tint’ imyolrolysis ouf aco’tvl-

cinooliuuo’, iun which stu’ooumg iumhnibitioum occurs

with flumoride couumceuntn’atiooums timat are coin-

sioli’m’ablv less thaum 1O� mu.

rfhe o’tou’banmvl-eumzynmme oleriyativt’s caut bc’

decarbam�lateo! or reactivated by imucleo-

piniles. I”hmouu’ide hits umc effect coin tine decai’-

baummylat-ioouu 0)1 time nmoumonmo’tinylcarbamvl-en-

zynmt’ by iuydrooxylamiumc’ (Table 2). Decar-

banylat-iooun by cinoolimme nut might couumceuntratioin

m�.os mnc)t- tofft�cto’ol by fluou’io!e, aitinciughu at

1o�ven’ cluohune councenutn’atioums (dat-a umoot giveum)

flunoou’icle nmav ham’o’ euminaunceo! tint’ u’ate of de-

can’ba nmvl tot ioum; imooweyer, t ito’ o’ffo’ct was too

small to) bt’ co’rtaium. It is che:ou’, however, that-

FIG. 1 . Rate of hqdrolqsis of nonoruonnetin 1/lear-

l)amy!-cnz!/nnne with and un’ithout .VaF

Acetvlchoolinnesterase, \Vorthiuugtout mit 6FA, �

i nihibited wit In 3 X l� ntontomethvlcarbanmvl -

chcilinne (4.2 X i0� \u), dilunteci 500-fold inttmu bmnifer

± NtF, and iuncuhuated at 25#{176}.0, nno NaF; �,

102 tu NuoF. k4 = 1.8 X 102 minu1. I)ata mini the

ondinnate are plot ted omo a logarithmic scale.

TABLE I

Effcc( of fluoride on rate oof decarbannij!alion of

dinnncth Y!carbannm y!accly!cho!inesteraso-.

Acetylchmuiinuesterase, LK 1, was onsed inn these

expeninmenmts. k4 = 2.5 ntinnm. Phoisphmate expeni-

nmennts were cloune inn duplicate, autch those with

Tnis, mm qnnaclnunplicate. The ennzvnme was inhibited

wit It �3 X 10� M chirnet hylcarbarmtylchoulimue, di-

lout ccl 500-foolcl inn too buffer ± NaF, mound i nuc’unbat ed
at 25#{176}.Sanmiules were withclnawnu at vanimiuns tinmes

amid assayed fmir active ennzvnmme. 1)ata were plootted
separately fmir each enutry anud mu a nmanunuer sintilor
t mu t hat shmnwnn inn Fig. I.

Butler NaF /ntm

Of n;ninm



TABLn: 2

Effect of fluoride on rate of dccaobannylation of

ionononnethy!carbaoon !J!(iC0�t �j!c/n oline-stcn’asc

Acet ylcholinmesterase, Wort hminngt mnnn mit 6i”.\.,

w� onsed inn these exl)eninttennts.

Nab’ Other aokhtiomi In 2

.1! nnin

0 Nmnnue 38.7

10-2 Nmonne 38.5

10-n Nmnnue :36.5

0 1 �n NII2OII 5.5

10-2 1 �i NhI2Oll 5.3

0 10-2 mu choliune 21 .0

102 10-2 mm o’hnmolinne 22.0

5 X 10-2 10-2 mu clmmnhinue 22.5

batmmvlation was stuic!ieol by cobst’rvinug tine

effect (ii flunounide coin time steady-state extemnt

oil cam’banmvlat io oun. Siutce fluncou’iole otoes umot

affect decarbanmyiatiouum, niuny o!inminntntiouui o)f

time extentt ol can’bttnmvlatiooun nmumst he caused

by iunhmibiticuun of carbanmvlatioutt.

Time scimenmme four time steady state oil thue

i’eactiouo of a cau’banmmate, I, witin tint’ etOZ\’time

F itt time pi’esc’umco’ oil flmmoon’iole is

F + I � E .1 � E’ ±i� F

F + F � EF

Fl + F � RI F � F

L” L’ K”F �., � 3k4

-3

(lint’ last n’eact-iooum canu ho’ onmittt’oI, sinmce

o’itiner K”F our /3 = 1.)

(4)

(4)

Fno;. 2. RJJc’n:t of fluoride Ofl steady-stale ratios

(L,--T� ‘),,, plotted as a fin nc/ion o)f reo’ipron’u 1 mmf nonono-

noneth yh’arba-nom tileholine morn cc nt rat ion-

Enmzvme (LK2) wts inncubtted at 252 onnd lull

7.0 wit it the o’nrbanmmvlatinmg ogenut ± N oF mnnntil

mmmc I inonn #{176}J8#{176}�.mif the steooIv-sI note ext o’nnt cif

(‘arl)nonivlot imonu\vos n’eao’hmemh.

fluoride dc’es imot iuni nibit dt’ctnrbnn nmnvlat iou n by

cimoline.
In time l)reseutct� 0)i flucou’ide tine scimenmo’ iou’

decarbamylatioun is

F’ + H2() � F + (CH3)NHCOOH

E’ + F � E’F � EF + (CH3)NHCOOFI

yielding

g’ - � (ape) I

log�i = -- 2�3 (1)

wimen’e 6’ is the couumceuutrationm oil cttrbamyl-

etmzvme ut all forms (F’ + F’ . 1”) at time

t, aumd ��o’ is time ittitial ccuutcc’uit-ratiout c)f

carbamyl-eumzyme.

. ‘ 1 + /3[(F)/’K�1 (‘)
1,4 (app) � i � � �,, 57�i�i�:#{149};�ii-

‘Wimile it was possible a � for /3 > 1, i.e.,

for fluoride to act- eitimer as a imucleophule oor

as an activator for decarbamylatioum, time cx-

pectatioum \\�i,5 that �3 � 1 ; i.e., tine questionn

uumder investigation was wimetimer or umot flu-

oride inhibits olecarbamylatiouut. Ounr expel’i -

metmtal results simow timat h’i(an,p = . Tlnis

coimdition cain be met in two) ways. Eitimei’
K� = � or /3 = 1; eithuer fluoride does not
form a complex witim time carbamvl-eimzvme

or, if it dows, time complex is decam’bamylated

at time same rate as time carbamvl-eumzvme. It

is also clear timat our experimental m’o’sult-s

show that fluoride is imot a mnucleopinile too-

ward time carbamyl-enzyme.

Time effect of fluoride oim time rate of can’-

0 I 2 3 4 5

(I/I) x IO� M1
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line stennoly-st-at-o’ 5(uilit-iOiti,

k:: 1 + a((l”)/K’mI]

(4)
....

4�)

6 = (F) + (F�I) + (FlF + (FF)

(4)
-..

4,)

050

(I/I) x 0”� Mm

0 03 06 09 12

(I/I) x IO”� M1

Fno,. 3. Effect mm,!’fluoride on steady-state ratios

(t�, �;‘),, plotted cns a function of reciprm’al (�f
(In none//n !,lc’arhaoon t,le/mo!in-c n’ofl(’t’fltrattofl

1’;unz�’nmme (LK2) \%�i,5 inncui)ated at- 25#{176}annch iii!

7.0 wit In ohimethvlcarbanmtvlchohinte ± NaF inunt il

nnmmmro’ t iunomn 98� of the st eadv-st ate o’xt cnn I of

o:onin:unmnvlat imnnn ��‘:os reaohno’ol.

270 GHEENSI’AN AND WILSON

(3)
r (FYi r (F)i Kn

+ + [1 + �] �

I)t’mtnt1r�s uvimenn

= I:(E1) + ak:n(RIF) - k1(R’ + E’F) = 0

wlot’n’e �‘ is time sumnm oil tint’ coulncenntu’atio)ns oil

tint’ o’ai’hntmyl-t’utzy me, iumclundiiug all its it’-

vt’i’sible o’ooummpiexes; umntmely,

6’ = (F’) + (E’F)

aunt! 6 is tine sunm cii tine coumceumtm’atiouns oil tine

unoumcnorbaimmylato’c! eimzynmme, iuucluoliung all its

u’c’veu’sible coumplext’s ; unanmelv,

Fuon. 4. Effect of fluoride on stem1r�-state ratios
(/;/6’),,, plotted as a- function of reciprocal of di-

oonethqlea-rbanon yl .fl non (IC eoncentrat�on

Eumz�me (LK2) was inno’uubated at 25#{176}anal pIT
7.0 with the carbanmvlatinug agenot ± NaF ountil

ulm(one Ilmani 98�-�- (if the steady-slate extennt (if

oarh)ani)yltntioui w:os reachech.

line m’esults am’(’ put iim timis burnt because

6 aumol 6’ are tint’ o1ununmt-itio’s that au’e o’valu-

atei. Timis is 50) because the system is dilumted

extensively itt nmeasuriumg ti-me carbamyl-en-

zynme, auto! timereloure time m’eversiblo’ complexes

dissociate completely.

Our results simow that fluouriolo’ nmarkedly

decreases time exto’itt of carbamyltotioum ito time

steady state aumd iumolicate that fluoride ole-

creases time u’ate oil cau’ba-mvlatioim. Thmis is

true with all titree carbamate iunimibitors, nns
simown mm Figs. 2-4, where time olata are pre-
sented with respect to) tine reciproucal of time

conceuntm’atioum of carbamate ium accord with

Eq. 3. Jut all ca-so’s the iumtercepts are close

to time ouu’igin. This iumdicates that time coum-
cetmtratiooums oil time cau’bamates tune well be-
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FIG. 5. Slopes of I/me limes in Fi#{231}js. 3 and 4
plotted as a Jo fl-Ct iOfl of JI nnoride eonnentrat ion

low the values oul thmeim’ reversible o!issociatiooim

coumstants (K1) with time enzynme, aumd that k�
is very large compared to) k4 . Time effect of

fluoride ott tine intercel)t comic! unot tlmerefore

be observed. This is uunfcurtuumate, bo’cause
time effect of fluoride uum the iult(’m’cept woould

have eumabled us to evaluate a auto! K’F

Time slopes of timese liumes are so’unsitive to

time cootnceuttratioun of flucuride auto! itmcn’ease

linearly witim fluoriole coumceuntratiooin, as
shown iii l�’ig. 5. This indicates that cui/K’F

is small co)mpared to 1/KF; either a is small

compared to 1 or K’F � considen’ably larger

timaut KF, or some combitmatioin of botim is

true. If K’F is larger than KF, flunounide does

not biimd as readily to time reversible enmzyme-
carbamate complex as it does to time free

enzyme, aimd this iii turn implies timat time
carbamate does not bitmol as readily to time
eimzyme-fluoride complex as it does to time

free eitzyme. Thus we are left with two possi-

bilities: eitlmer fluoride diminisimes the for-
mation of time reversible enzvnme-cai’bamate
complex or it diminislmes time rato’ witit which

this complex reacts to form time cau’bamyl-

enzyme.

We cain ol course evaluate KF., time dis-

sociatioun coumstant for tine emnzvme-fluooride
complex. Time values oubtaiumed raumge from

2 X l0-� to) 3 X l0�, with nmcost vaiunes douse

to 2.4 X 10� mu.

\Ve inam�’ set’nm thmat- tine linnt’nnuity oh time

l)10it5 itt l”ig. 5 iumolicate thmat { 1 -1- cmf(1’)/
� � is tt�)pr0)xit1mtttu’l’V 1 . ‘I’hmem’efmmm’ t hue

m’at-iou o�of tint’ slooiut’s im’omnn l’igs. 2-4 imu t hoe

l)t’t’5eutct� auto! ahso’umce oil flunoom’iole givo’s
� 1 + RF)/’KFI � , lm’onn whmiclm KF nmmtov be

cnnicunl ttt-(’O I.

i)IS(’USSIOX

Ounu’ n’t’sinlts cieau’lv simo)w� tltttt- cam’banuyla-

ticoum of ac(’tyidinoliumt’stem’ase as etlecteti by

nmoonoonmmt’t hnvlcau’banmiylcimo!ine, olinmet I nylcar-

banmylchnooiiuto’ , aunci olinmet-hmylcan’hanmivi flunu-

u’iole is iumimibiteol by flumout’ide. limt’st’ ( ibsen’-

vatioumus cooumfirnmm time iumimibitioun by fitim on’io!e

oif time act’tylatiooun step itm timt’ inyolrouiysis of

aco’tylch noliune.

Oumu’ i’o’stmlts alsoo clean’lv simouw tinnot dt’o’nu’-

bttnmyinotiouun of nnt’ithno’r tint’ nmmconnm)rmmu’thuvl-

can’bamimvl-t’unzvmo’ uncut’ tint’ oh nmt’thoyhcan’-

banmyl-euuzynme is affecto’cl by flunounidt-’. Thois

fluno!iumg doues moot- coumfirnm timnot flmuoom’iolt’ inn-

inibits tine deacet-yiation stel) ium tint’ inyolu’ooly-

sis of acetylcinoliume . \Vhmat cant we innier

lrconm this m’esunlt? Had we lound fluuun’iole to)

iunimibit dt’cnuu’banmylatiounm, it �vouum1ol sun’o’ly

inave iumd!icate(! tinat flunoun’io!t’ ntiso inuhuibits

oieacetylati(uun . Howt’ven’, we cauouu )t so

easily draw t hue co ounclunsiout tinat flint om’ide

does umout imnimibit olo’nncet-ylaticuun in’ounm oour

actual i’o’sult that it oboes inout iumlmibit tIc’-

cam’baniylat-ioun, becaunse tinen’o’ is a ven’v gn’t’at

differeumce ium tioe n’ates ol time two l)u’�o’(’sso’s

decarbaummylat-ioutm is 20 ummilhioim tinmes slower.
It is cootmceivahle that time catalytic pu’oct’sses

are itot ideintical, that dleacetvlatioun innvoolves

aim extra facet oil catalysis, aumd mt is pmussible

timat this facet is affected by fluoom’ioIt�’.

Time inmto’i’pn’etaticun iuaole by T\.ruil)kno annd

otimers timat flumtoi’ide iumimibits denocetylatiotm,

winile enmiuneuntly reasoumable, mm’as umecessaniiy

iimdirect. Our oobservtntiounm timat fluon’iclt’ clues

umot affect o!ecan’banmvlatioun would seenmi to

suggest that a defiumitive position oum time
effect of fluconiole out oleacetylation bt’ meld
in abevaumce uumtil lurt-imer work caun better

estabhisim whmethmer cur umout fluoride does inn-

imibit o!enoco’t-vlatioum.
Time commstatmt loon’ tine dissouciaticoun of tine

etmzvnme-flumoou’iole coulmml)lex appeal’s tou be

i’athei’ Icouvem’ lot’ elect-t’ic eel acetylehuouliun-

esterase (2.4 X 1O� mu) thuan loin’ boviuoe

erytimu’oocvt-t’ u’unzvnmme �1.M )< lO� mu (5)1.
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Time value itself is n’atimt’n’ iuotem’c’stiung, imo

timat its bow levt’l, ho’ss titaum time oiissoociatioutn

coimsttouut- (ui HI” (7.2 X IO� mu), nmakes it-
oliflio’uult- too t’unvisage witat kiumd oil biumclintg
nmigint he iunvoulved. A simple imyoln’oogo’tn bouumd

betw’u’c’un time pn’ooteium atno! fluom’iole wouumld imot

seenmm too he oil sumfficieumt streungtin umumless time

prout(ouu oloiunoou’ was un no noumaohuneo)us t’mmviron-
nmmeumt toumcl was moot iumitially itydn’ogo’mm-boutmded

to) wnotu’n’ on’ touncothmem’ base. Peu’imaps two hy-
dm’ogc’um boomnols tune iumvo)lVed, ut wimicim fluooniole

bn’ic!gt’stwoo pm’out-ooumo!o otmors.
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