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SU\L\IA ICY

_\lehimautesuilf’ouiabt’s (3-im\’(lmox\’I)hemm\’l)tminn’bimvlitmlmmnutumiumu io(ii(le nmt’timmuiesulf’onate,

1, 1’_J)e11titnieth1yl(’I1t’hi5(;�-11y(II’u)xyPyii(liI1i11n1 iodide) mnetiianesulftamatt’, aIl(l met hamiesul-
foum�’l flLIOli(lej react wit Ii itC(’I ylelmuthinest emit-se to ft �m aim iuma(’I ivt’ met I maumu’sulfoumvl-eumzyme

derival we uumaiogouis to t lit’ neil yl -enzyme I lint is formed duii’iumg I lit’ I1\’droi\’sis of estt’rs.
Time met hmaimsstihfi a mvl -t’umzv nit’ is uit’sumhformvhai t’ti by m’t’a(’t it iii wit Ii I imiu)eilu )IiIme. \V lieu time

ef’fecl of fluu trid’ )t1 I imest’ t W() st eps Was sttm(li(’(l, it was found I hint fluoride immimihit s st-il-

fonvial ion 1)111 (15)t’s III it aiit’(’t tlt’siiliouiviai l()11. It Wfl5 aist 101111(1 thou flUt)m’i(lt’ alm(l it (ft-later-

italy aiiimOtiitlmfl lout (‘�i1 1)111(1 simimlt aumt’tttmsl,v to I ime eimzymt’. lii omit’ (‘as(’ I lie himmdimmg �

immdt’j )t’rm(lem ml, iii maum\’ (‘asts it was tail ially ci sml)et it i\’t’, lii 1)1 it’ Cast’ it was (omplet ely corn-

pt’I it iVe, and iii Iwit Casts it w:ts (oopt’rat ivt’.

IN’I’ItOI)l’t“lION

II mis si tidy of I iii’ tif tel t if’ hut )Il( le t)i I tlie

I’(�t(’I iou of’ :iet’I\’htims slimiest 501st’ \vil It mit Ii-

ItItu’slllfoil:ttt’5 Was imitdt’i’t tLt’ii for its (twit

immtt’m’t’sl L11(l also iii liii’ llt)l)t’ (51 (ial’ih’iuig

I lit’ kiumet l(’ int’clt:tumismn\\imt’I’ti)\’ fluomi(ie
iitl lii)it 5 iL(t’t �‘ltl t(tiilt(’sIt’IU5t’. St’�’t’i’t1 51 ti(lies

of 1 lie iImhmiI)it lt)il in’ fliiu)ritlt’ utf I lit’ :t(’t’I\’l-

(lit 1ii test cl’ase-Cat alvzed (I �) I mvtlrolvsis

of :ieu’I \‘lCI t( l lilt’ I mit�’t’ sl muu�vi I IImt iii mt’umomt’-

11(111 Itt hi’ m:tt11(1 (‘(tlimltli(aI(‘(I,:tll imouigim I ii(’

efh’(’t of’ flui)i’it It’iS liii titi :1 itt rt’versii)l(’ and

110 mmit’tal iomms itlt’ imivttlvt’tl.

Fhtorutls’ iutltibit15111 is 1)t’st I IisCtLsst’(l wit Ii

timu’ :utl of I imt’ kiimt’t ie scimtnit’ for t’imzvmnatic

hmytlrolysis (1’tl. 1). 1mm this t’tluiat11511, S

‘I’Iiis wui’k was s,m�,�oi’t oil 1,’,- t ‘itt .N14 0715t;

I Itt’ National Inst it mli’s �f. llealt Ii, antI was

t akin f’i’oni the tlissoi’tat ion suthiutitoil h�’ (‘ama1

M. ( rednsjutn to ( ‘aluimmhimt I ‘mmivti’sitV ill l)Itit ml

I’imlfillinto I if hit’ i’t’tjumi i’trmmt’ut � 1,�i� t tic tlo’grte (II

l)tscl or ,f l’ltilttSaJ))IV

I lt’1t( )t (‘5 lOut \‘lel I( )lint’; Pm, (‘ittulilme

acet a acid ; K, ti mzv me at md K’, Ilie :teet yl-

emmzvme nit t’I’Ith’t ha It’. It is apj )ai’emml I lint

I I mere a ic 111It’(’ (‘IiZ\’ lilt’ fua’nis wit It wi i id1

flu )l’i(lt migi ml cu )nml)imte, amid I 110 react iou

t + �- .�- � ‘... ‘�

H20k4 (1)

stei)s t lilt-I immigimt hi’ illitil)iI(’tl. lit t)i’(l(’i’ to
t’Xl)lail t his result s, Kit-mi )klt (,) iuti’oked

:til I hits, I)Ossihilit its.
The met hmaumt’suill’tummatt’s that wem’e used

jim I his si iidv, (3-imvdu’oxvphienvl)tm’i-

uuit’I hi\’litllifliOitiiifll iodi(lt’ hut hmamtesulf’oiialc

n�t’I ltaua’suif’oitat t’ I, l”ig. 3), 1, 1 ‘-l)t’uttit-

iiit’t ii�’l(’it(’1)is(3-imy(1It)xy� t\’li(liltiuiIul io(lide)

ii�etIm:timt’suihfoit:ttt’ (u�t’t Imautt’sulfu)mmate II, Fig.
4), 1(11(1 nut iiaumestuhf’omivl fiuiou’idt’, u’t’aet with

acet ylcin )li I test (‘11151 ill a Inaut-net’ analogous
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to the reaction of acetvlcholine with time
enzyme and, it is thought, by a similar

mechanism (6). These substances react with

the enzyme to form a methanesulfoumyl-

enzyme derivative analogous to the acetyl-

enzyme, but, unlike the latter, tIme methane-

sulfonyl-enzvme reacts with �s-�iter at an

almost negligible rate. The substances

therefore are inhibitors of time enzyme. r1�he

methanesimlfonyl-enzyme, however, (lOes i’e-

act with suitable umucleopimiles such as

thiocholine and pyridine oximes, wimich
desulfonviate time enzyme and restore its

catalytic activity (7). The scimeme fom’ lime

sulfonvlation reaction is

E + I ‘�‘�“� E#{149}I A, K’ + X

where I is (1H3S02X, K’ is the covalent

methanesulfonvl-enzvme, nut! X is time

leaving group (e.g., X is fluoride whemm I

is met hmanesulfonvl fluoride). Siumce time

enzyme can be reactivated by thiocimohine,

E’ + thiocholimme

L -f- I hiocholinemnet Imamiesulfonate

It is possible to measure separately t lie

effect of fluoride on the rate of sulfonvlntion
of the enzyme and on the rate of reactiva-
tirni by thiocholiute. Time react ion of met I-

anesulfonyl fluoride wit im acet ylcholines-

tera.se is greatly accelei’ated in time presence
of certain ammonium ions, such as tetra-

methylammonium ion (5, 9), and we It-ave
also studied the effect of fluoride out this

pheumomem ion.

M ETHOI)S

EnZ,’JinC. Acetvlciiol inesterase was ob-

tained as lots GF’A and 6,JA from \\ortiuing-

ton Biochemical Corporatioum, �iuid as lot

L1c2 prepare(l from Liectropli oi�us electi’ie us

(for 1)Imrifl Cat iou proce(lure, see ref. 10).
The specific activity was GO mmoles of

acetylcholine hydrolyzed per milligram of
protein per it-our at. 250 itutd pH 7.0 for lots

GFA and G,JA, and 100 for lot LK2.
Enzyme a�s’say. Small aliquots of the eu-

zyme solUtioIls ��‘ere added to 0.5 ml of

buffet’ containing 2.9 X 10_� �t-

choline. Enzyme activity ��‘as measured at

25#{176}and pH 5.0 by time decrease in acetyl-
chuoliuie concentration aftei- I -6 ruin, as

determined by time colorimetric It-ydroxamic
acid method (11). The buffer cOllsiSte(l of

0.02 M Tris-hmydrochloride, 0.15 �i NaCI,
1O� t-i EDTA, 0.01 #{182}gelatin, itumd 0.01 M

CaCl2 (or 0.05 si). Calcium was included to
remove fluoride that was present in Imigh

concentration in some of the enzyme solu-

tioums. The presemmce of calcium predlude(l
the use of phosphate buffers; tiiem’efore Tris

was used It-lid time pH was set at 5.0.

Sulfonylaiwn. TI me exteumt of sulfoumyla-

tioum ��‘as inferred from time extent tif iii-

imibit ioui of time enzyme. luihibitor amid eu-
zvme were iumcubated iii butler with tt-uid

w-itiuout fluoride amid substituted ammoumium

bums. At suitable time iumtervals, ahc�uots

were assave(l for euizyme activity. I’�aciu

aliquot WIts (iilIite(1 .)0O-fold iii time tt55ILV

buffer.

Desulfonylation. Sulfouiyl-eumzyme solu-

tions in which nearly all the enzyme was

sulfoumvlate(l (nearly (omplet e loss of elm-
zvnie activity) were (lilt-ut ed 500-fold wit It

buffer contaniing 3 x iO-�3 Ii tiiiociiohiime

iodide. After suit able periods of 1 or more

Imours, aliquot s were assayed for enzyme

activity.

Buffer. The bufft’i’s used imi sulfoimvlat lou

auid desulfoumvlat ion were t he stume as fou’

enzyme assay, except thmat time couiceuit ma-

tion of Tris-chloride was 0.001 �i :111(1 tIme
pH w’as 7.0.

RESULTS

Desulfonylalion. I)esulfouivlat ion by t I mio-

choline (reactivation) may be i’epreseuil t’d

as follows.

K’ + H �- K’ H ---�-� K

if:’ + � K F K’ . F

E’J”+R �

E’#{149}H+ Ji’ K’H�P

where K’ is the met imauiesulfonyl-enzynie, R
is thtiocholiume, 1’ is fluoride, tIui(1 K is time

noi’mai enzyme.

Timt’ itt-st (‘(It-itt-I ioit CIt-il be omit ted, since

tue four equilibria are umot indepeumdent, :tumd

K”�. = K’� �
1� �
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1’IG. 1. Rule of (l(’.’,’lilfoflh/l(ltlOfl of ,iielhane,sul-

fonyl-en-zqme ifl I/i iOe/iolifl(’ u’i f/i and wi/hon I .Vab’

Met hancsul ft)nvl -enzyme was dil tiled 5�IX)- fold

into Tris in(’llhat ion buffer, pIt 7.0, at 25#{176}.The
buffer (‘OiitaiiIPtl : 0. :3 >( 10� M I hiocht)limle; �,

:3 X l0� M thiocholimie 1)llis 10-2 M NaF. The (lit-Ill

are 1)1(51 ted on a senmilttgarit htimi(’ Scal(’. �#{176}‘ is the

mt ial Ct)tI�C1l 11111 ion of sal foutvl -eimzvnie

= K’ + J�”. H + K’. H . Ji’ + K’ . F

The i’ate of desulfonvlat iou (rate of ap-

pearance of active enzyme) is

, 1 + a(F/K”p)
(it - �--� -- �- - - -� � - � 3

= � [1 + (F,/K”�)] +

- [1 + (FK’p)][K’is�R]

Our results sho�v that fluoride, eveut- at 0.01

�r, does not affect I lie rat e of desuifonvia-

tioit (Fig. 1). The conceumtratiomi of fluoride
is very high, since 2 X 10-� sm is stmfficient

to inhibit the hydrolysis of acetylcholine
by about 50 #{182}.The lack of effect of fluoride
may arise in different ways. fluoride may
not be able to biuud to the sulfonvl-enzyme;

i.e., K’�, K”� -* (K’s ar(’ (lissociation

constants). Theut a(l(limig fit-tom-ide could
have no effect. A secon(l possibility is that

a = 1 and K’� = K”�; i.e., fluoride binds
equally w’ell with the sulfonyl-euiz me and

t lie sulfonyl-enzyme---t imiocholine complex
and in addition does utot change the rate

constant. (The equality of K� amid K”F

is equivalent to the equality of K’1t- and

K”R.) Thus, cit her fluoride does utot utter-

act with the sulfouiyl-euuzyme or its inter-

action leaves the binding and kinetics rut--

chiamiged. \Vhuile �ve cannot distinguish be-
t�veen timese t��’o cases, it is iiouietlmeless

clear timat fluoride does not affect desulfonyl-

at ion by t huiocholine. It is also clear that

fluoride is utot it self a react ivator of the
met iianesumlfonyl-enzyme, in con Irast to its

ability to dephmosphorylat e dialkylphos-

piioryl-euiz�’nw derivatives. Desulfonylation
occurs only very slowly in water, less than

10 /() in 4 (lays, amid this was not affected

by 0.01 �si NaF.
iS’ulfonylalion. rn me sulfonylation of the

emizvme by all Ihimee metliautesumlfoumates was
iumiuibited by fluoride. Some results �vith

(3-h\’dm’oxvpiuell\’l) tm’imethylammonium io-

di(le niet iianesulfonate (met hanesulfonate

FIG. 2. Effect of fluoride on rate of suifonylatiort

by (3-hydroxyphcnyl)trimelhyiamrnoniuin iodide

inc/h ane.s’ ulfonale

The cttncent rat iou of (3-hydroxyphenyl)tri-

rimet hvlammon ium iodide methanesulfonate was

8 X 10� �u. The enzyme was lot 6JA. �, no NaF;

D, 6.67 X 10� M NaF; �, 3.33 X 10� M NaF.
i#{176}is 1lie initial concent rat ion of active enzyme.



When no fluoride is present, the intercept is
1/k1 and the slope is K1/k,. Witit methane-

sulfonyl fluoride, the intercept is at t-he
origin (not shown) (5), indicating that the
range of concentrations is much below- Ki;

i.e., [I] �< K1. With methanesulfonate I and

especially met hanesulfonate II, the inter-

cept is distinctly different from the origin,
indicating that the concentration range is
such that a good fraction of the enzyme

exists as the complex KI. It is clear in

both Figs. 3 and 4 that fluoride changes the
slope. In Fig. 3, the intercept appears to be

changed by fluoride, butt this effect is not
certain because the hues could be drawn

so that there would be no change in inter-
cept, although the latter seems less likely.
In Fig. 4, however, there is no doubt what-
soever that fluoride affects the intercept.

From Eq. 5 we see, therefore, that �

must be less than 1. The maximum shift

in the intercept is 1/a. Therefore this

figure alone shows that $ must be

less than “�j. Actually � is very small

I) at high concentrations are shown in

Fig. 2. The decrease in active enzyme
indicates its progressive suifonylation, and
it is apparent that sulfonylation proceeds
more slowly in the presence of fluoride.

Relatively high fluoride concentrations are

required, because, as will be seen, there is a

considerable degree of competition between

this sulfonylating agent and fluoride. Con-
siderably less fluoride is required to inhibit

sulfonylation by the other two met hane-
sulfonates.

The scheme for sulfonylation in tue
presence of fluoride, F, allowing for the
formation of reversible complexes bet ween

the methanesulfonates, I, and the enzyme,

E,is

K + I El -� K’

K + F

K.I+F�=�=E’IF fik,

K�F + I

(Single primes and double primes were
used up for dissociation constants involving

the sulfonyl-enzyme, E’.)
The last equation is redundant, since

“p

= K’1 K

#{128}=E+El+EF+ELF

(it - -k1[1 + �(F/K”,)]#{128}

dE 1 + (F/K”,) +

[1 + (F/K,)](K1/l)

and the observed first-order rate constants

(plots as in Fig. 2) are

k - k111 + �3(F/K”,)]ohs - 1 + (F/K”,) + (3)

[1 + (F/K,)](Ki/I)

When no fluoride is present,

k1

k0b5 = 1 + (K1I) (4)

The Plots in Figs. 3 and 4 correspond to

1 + (F/K”,) +

1 [1 + (F/K,)1(K1 I) (5)

= k1[1 + �3(F/K”4]

x IO”� M”t

Fuo;, 3. Dependence of k,,i), on concentration of

(3-h ydroxyph en yl) Iriineth ��lani inonin in iod ide inelh-

anesiilfonate with and wi/hoot .VaF, plotted as’ re-

ciprocals in accordance with Eq. 5

The enzyme preparation was 6JA. �, no Nut-F;

KT�, 6.67 X 10� ,�i Nat”; V, 3.33 X l0--� NaF,
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K1#{176}2.4x I0’5M

L J
2 3

(1)_t x tO�

FIG. 4. Dependence of k0� on concentration of
.s’iilfonylatiny agent, 1, 1 -penlainethyiencbis (3-h11-
droxypyrid in,? it rn iocl ide) met/i a ne.s’ u ifonale, wit/i

and without .VaF, plotted as reciprocals in accord-

ance with Eq. 6
Enzyme preparation LK2 was used. A. no

Nut-F; K), :3.3:3X 10� �u N�tF.
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2

- .0
(0
.x

and may be zero. This is Shown in the fol-
lowing way. The ratio of the slope to tlie
intercept is independent of � and relates

7�pp . .

K, and K ,, so that if K, is known, K ,

can be calculated. In a previous study

with this enzyme preparation (LK2), and
also in the 1)reseuut study, K, was found

4 ,,p

to be 2.4 X 10 u and therefore K ,
for methait-esulfonate II is 2.1 X 10� �r.

Using this value for K,, the value of $
calculated from the intercept is -0.05. A
negative value is not pem’missible and only

reflects the errors in the measurements, but
it is evident that � is quite small. If w-e

assume � = 0, K”F = 1.8 X 10� �‘ti from

the intercepts. Further evidence w-ill be

given that � is’ quite small.

The reaction of methanesulfonvl fluoride

with the enzyme (as ah’eaclv mentioned) is

second-order (pseudo-first-order) and can

be represented as

E+I Aj

K+F KFKF

Ykf

E�F+I K’

The solution for the pseudo-first-order rate

const ant for sul fonylat ion is

and

k11[1 + “y(F/K,)]
/iOi)� = 1 + (F K,)

- 1 + (F/KF)

- 1 + y(F/K,)

((�)

(7)

��‘huere A01), is the pseudo-first-order uate-

constant for sulfonylation in the absence

of fluoride.
Our results for the effect of fluoride on

the rate of reaction of methanesulfonvi
fluoride and acetvldholinest erase (lot 6JA)
tire show’n in Fig. 5 (labeled F- control),

plotted in aceoi’dauice with Eq. 7. The
linearity of the plot over a 15-fold change in
rate indicates that -y is quite small-less

tintii O.O3-�tuid may be zero. The slope

then allow’s the calculation of K,. The

value obtained with the preparatiomi shown
(6JA) is 4.1 X 10� �i. This value varies

somew-hat w’ith the preparation. For 6l”A

it is 2.6 X 10� �u, and for LK2 it is 2.4 X

10� M. Since y is analogous to fl/K,, uve

have further evidence flint fi is quite small.

As already mentioned, the rate of me-
action of methanesulfonyl fluoride w’ith

acetylcholinesterase is affected by the pm-es-
ence of substituted animonium ions, some
of w-hieh inhibit the reaction, some of which

accelerate the reaction, often by quite
large factors, and some of which have little
effect although they are bound by the en-
zyme (8, 9). We have examined the effect of
fluoride on the rate of reaction of methane-

sulfonyl fluoride, I, with the enzyme in the
presence of ammonium ions, N. The scheme
for the reaction is (remember that y � 0)

E+I kj F’

� ,EN

E�N+I ak�

E+F� ,K/i’



K#{149}N+ F’ K”, , E.N.F

KF + N K”N E�NF

Again the last equation is redundant, sit-ice

For F = 0,

� kiI{1 + a(N/K�)1

kOm,S - 1 + (N/KN)

and

ho1,. - 1 + (F/K,)[1 + (N/’K”N)l

1+(N/KN)

6 8 tO

(F)x103 M

FIG, 5, EJject of substituted amnioniuni ions on.

rate of sit lfon!,la / ion by methanes u ifonyl .flu oride in

the presence of sodium fluoride, plolted as

wit/i respect to flit or ide concentration in (iccorda nec

wit/i Eq. 7

The enzvuiie was lot (1.JA. Hexagons, no substi-

tuted ammontiuni ion; 0, 3.33 X 102 u choline;

A, 6.67 X 10� M choline; �, 6.67 X 10s’ 11 1,1’-
pentaunethylenehis(pyridinium); V, 2 X 10� �u

1,1 ‘-pelt-I ut-met hyleumebis (pyridiniuun); K), 1.33 x
10’2 � (3 -met hyl phenyl ) t rimet hylanimonium,
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‘pp

K”N = KN

The solution for the observed pseudo-first-
order rate constant for sulfonvlation is

.0
0

-�

.�

k11[1 + a(N/KN)]

- 1+(N/KN)+

F/K,[1 + (N,”K”rs’)]

We have studied eight quaternary am-

monium ions. The results were typically as
shown iii Fig. 5 for three amines plotted

in accord with Eq. 10. The data for all are
given in Table 1. In all cases the addition of

F- decreases the rate of methanesulfonyla-
tion of the enzyme. The value of k�u,/kOl)S

was linear with fluoride concentration, as

expected from Eq. 10. It will be noted that-
if the curve lies to the right of the “control”

curve, i.e., the curve for N = 0, K”N > KN
(the amine binds less readily to the en-

zyme-fluoride complex that-i to the free
enzyme), and if it lies to the left, K”,�

< KN (the amine binds more readily to the
enzyme-fluoride complex thaut- to the free

enzyme).
(�) Because of the redundancy relationship,

the former conditions also indicate that

fluoride binds less readily with the enzyme-
amine complex than with the free enzyme,

(10) and the latter conditions indicate that
fluoride binds more strongly w-ith the
enzyme-amine complex than with the free

enzyme. Thus the statement that (3-methyl-

pheuiyl) trimethylammonium ion binds bet ter
to the enzyme-fluoride complex tiiaui to the
free enzyme (Fig. 5) is equivalent to saying

that flutoride binds better to the enzyme-
(3-met hylphenyl) trimet iiylammoniu ni com-

plex than to the fmee enzyme. It �s’ill be
noted that a knowledge of KN is not re-
quired in order to ascertain qualitatively

w’hethier the binding of fluoride and an

amiume is competitiye, independent, or
cooperative. The value ()f KN can be de-

termined from two hues corresponding to

different values of N, provided that they

are ut-ot so large flint lie slope is nearly
independeuit of N. Jut-time latter event, KN

cannot be determiut-ed but the ratio KN/K”N
is determined. Our couicentratiouis of amiuie
were too large in those cases when we (10)
not report a value of KN. In the I itree cases

when K,� cat-i be compared �s’it it values
givemi in the literature as determined from

the inhibition of the hydrolysis of acetyl-
choline, the agreement is good.

Oum results iuidicate that the simultaneous

binding of fluoride and a qutiternary am-
monium ion with the enzyme may be it-h)-

proximately iuidepemideutt , as in t lie case of
methanesulfonate II; completely com-



Cation Structure Enzyme
lot”

Ob- Re-
served ported’ Observed Reported”

Tetraethylammon-
ium

Tetrarnethyl-
ammonium

Choline

Pyridine methio-
dide

1, 1’-Penta-
methylenebis-

(pyridinium)

Phenyltrimethyl-
ammonium

(3-Methyiphenyl)-
trimethylam-

monium

C H )
2 54

+

C 34N

(CH3)3NCH2CH20H�

CH3

�(CH2)5�N� +

N(CH3)3

� CH�

#{231}r7

N(CH3)3

#{231}��OH+

N(CH3)3

33

6

2.1

1.2

0

M

2.5-5X10’ 11.2

1.2X103 8.7

5.4

1.1X104 2.0

1.9

3.8X105 0.5

1.2X10�” 0.3

3X107

2X104 1

6FA 33

6JA 7

6JA 5.2

6JA 2.8

6JA 5.0

6FA 1.0

6JA 2.8

6JA 0

LK2

Al

1.3X10’3

7X104

1.4X10”4

6X106

2X107

2X104

1, 1’-Pentamethyh-

enebis (3-hy-
droxypyridinium)
methanesulfo-

nate

TABLE 1
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aSulfonylation of acetyicholinesterase by methanesulfonyifluoride with substituted ammoniurn ions ±flisoride

Cation properties

(3-Ilydroxy-

phenyl)tri-
methylammon-
ium

0 O�
ii II

��;OSCH3 �TJVOS_CH3

� (CH�)S�

Acceierationb KN

a Reference 8.
Rate of sulfonylation in the presence of saturating concentrations of amine, divided by the rate

without amine.

A number greater than 1.0 in this column indicates that the amine and fluoride are partially competi-

tive (� means completely competitive); less than 1.0 indicates that the bindings are cooperative; aumd

precisely 1.0 means that the bindings are independent.
d Reference 12.
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petitive, as in the case of (3-hydroxyphenyl)-

trimethylammonium ion; partially com-

petitive, as in the case of choline nuid
methanesulfonate I; and cooperative, as in
the case of (3-methylphenyl)t.rimethylam-
monium ion. Most of our compounds were

partially competitive (Table 1).

DISCUSSION

Our results show that fluoride, even in
high concentration, does not affect desul-

fonylation. This indicates that fluoride does

not serve as a nucleophihe to desulfonylate
the methanesulfonyl-enzyme. Fluoride simi-

larly does not act as a nucleophile with the

carbamyl-enzyme (13, 14). In contrast.,

fluoride does act as a nucleophile toward

the phosphoryl-enzyme (15, 16). Fluoride
does not affect the desulfonylation brought
about by thiochohine acting as a nucleo-
phile, and similarly fluoride does not affect

the decarbamylation brought about by
water, hydroxylamine, or choline serving as
nucleophiles. Thus fluoride is without effect
in both desulfonylation at-id decarbamyla-
tion, iui contrast to the iuiterpretation that

fluoride inhibits deacetylation during the
normal course of the hydrolysis of acetyl-

choline (5). Deacetylat ion is enormously
faster than decarbamvlation (which in

turn is very much faster thaui desulfomiyla-

tion), at-id it is quite possible that flumoride
may have different effects on the tw’o proc-

esses. How-ever, our results do suggest that

the effect of fluoride on deacetylation be
re-examiuied.

Fluoride does inhibit sulfonvlatioui, in

agreement with its effect on carbamylation
(13) auid its less directly observed effect ot-i
acetylation (1-5).

Our results show that fluoride at-id a
sulfonylating agent (methanesulfoumat e II)
caui combine simultaneously with time t’uu-

zyme, in agreement w’ith the interpret at ion

that fluoride and acetylcholine can combine
simultaneously w-ith the enzyme (5). This

observatiout- is part of the general result

that fluoride and many quaternary am-
monium iot-is (auid probably tertiary iouis,

etc.) cat-i combine simultaneously w’ith the
enzyme. How-ever, one of our quaterumary

jot-is �u’as completely competitive, and
several w-ere partially competitive. Imi-

terestingly euiough, sonic were cooperative.

Our results also suggest that any combina-
tion of fluoride with enzyme, be it free en-
zyme or enzyme-ammonium ioui complex,

is completely or nearly completely lacking

in catalytic properties. With regard to the
sulfonyl-enzyme, either fluoride does not

combine with it, or, if it does, the resulting
complex is still equally reactive with thio-

choline.
The completely competitive binding of

fluoride and (3-hydroxyphenyl)trimethyl-
ammonium ion which had been reported
from different observatioums (5) is unusual,
and w-e might speculate on a possible ex-

planation. The 3-hydroxyl group makes a
large binding contribution, a factor of 120,
and it is thought flint this group may be
involved in a hydrogen bond with a basic
group in the protein (12). If the fluoride
ioui forms a hydrogen bond with the conju-
gate acid of this basic group, it would pre-
empt the binding site of the hydroxyl
group and therefore be competitive (to
the extent of a factor of at least 120).
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