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FLUORESCENCE AND N.M.R. STUDIES OF THE BINDING OF
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The interaction of the cholinergic [fluorescent probes, I1-f5-dimethyl-
aminoaphthalene-1-sulfonamido) ethane-2-trimethylammonium perchlorate, 1-
(5-dimethylaminonaphthalene-1-sulfonamido)  pentane-S-trimethylammonium
tartarate and 1-(5-dimethylaminonaphthalene-1-sulfonamido) decane-10- tri-
methylammonium tarrarate with horse serum cholinesterase has been examined
by fluorescence ond n.m.r. methods, Fluorescence titrations show binding nf the
decane derivative to two sites on the protein whereas the lower homologs bind
lergely to one site, Active site inhibitors like carbamyicholine end deca-
methonium abolish binding of the decane derivative to the high affinity site. The
inhibitors are largely without effect on the binding of the lower homologs.
N.mn.r, studies clearly establish immobilization of both ends of the molecule on
binding in the case of the decane derivative, whereas in the lower homologs the
dimethylamino group on the naphthalene ring is significantly more affected in
the presence of enzyme. The probes are effective inhibitors of the enzyme with
the decane derivative being two orders of magnitude more effective than its
lower homologs. Based on the n.m.r., fluorescence and inhibition studies, a
model for probe binding to the enzyme s advanced. It appears that the decane
derivative binds with high affinity to the catalytic anionic site while the lower
affinity site is assigned to a peripheral anionic site, The lower homologs probe
only the peripheral site. A comparison of fluorescence, n.m.r. and inhibiiion
studies with acetylcholinesterases from electric eel and bovine erythrocytes is
presented,

Key words: cholinergic inhibitors; cholinergic probes; cholinesterase; [luor-
escence; fluorescent probes; nuclear magnetic resonance.

The concept of "active site direction” has been
used to advantage in fluorescent probe studies

* Abbreviations used: HSChE, horse serum chelin-
esterase; ACHE, acetpicholinesterase; DM, deca-
methonium; HM, hexamethonium; CC, carbamylcho-
line; TC, d-tubocurarine., The compounds QI1, QV and
QX were sbbreviated as I, V and X in the earlier
report (Narayanan & Balaram, 1978).

of cholinesterases (Himel & Chan, 1976, Cohen
& Changeux, 1973; Himel et al., 1971). The
existence of a main catalytic site, one ar.more

peripheral sites and-hydrophobic domains near

‘the active site,’has been. postulated for serum

<holinesterase (Kabachnik er al., 1970) and for
acetylcholinesterase (Rosenberry, 1975). These
studies show that there are structural and topo-
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graphical differences between the two classes of

enzymes.

v We have: shown in an earlier study
(Narayanan & Balaram, 1978) that the
chaolinergic probes, 1-(5-dimethylamino-

naphthalene-1-sulfonamido) ethane-2-trimethyl-
ammonium perchlorate, QII, 1-(5-dimethyl-
aminonaphthalene-1 sulfonamido}  pentane-5
trimethylammonium  tartarate, QV  and
1{5-dimethylaminonaphthalene-1-sulfonamido)
decane-10-frimethylammonium tartarate, QX
(Fig. 1A), bind to horse serum cholinesterase
(HSChE) but not to many other proteins.
Further, the binding affinities increase with
increasing length of the spacer alkyl chain. In
this study, the effects of cholinergic inhibitors
on the binding of these probes to HSChE, ere
described. The data from fluorescence experi-
ments has beén correlated with the results of

enzyme inhibition and n.m.r. studies. The infor- -

mation obtained from the three techniques has
been discussed in terms of a possible model for
probe binding to the enzyme.

"MATERIALS AND METHODS

Horse serum cholinesterase Type V.S (15.7
.units/mg solid, 1 unit hydiolyses 1 uM acetyl-
choline per minute at pH 8, 37°), acetylcholin.

esterase Type VI from electric cell (225 units/
mg solid), acetylcholinesterate Type 1 from
bovine erythrocytes (2.6 units/mg solid), hexa-
methoninm bromide, decamethonium bromide,
carbamylcholine chloride, Jd-tubocurarine chlo-
ride, dithiobisnitrobenzoic acid (DTNB) and
acetylthiocholine iodide were obtained from
Sigma Chemical Company, USA. The synthetic
procedures adopted for the fluorescent probes,
Qll, QV and QX have been reported earlier
{Narayanan & Balaram, 1978).

Fluorescence experiments

All solutions were prepared i 10mM Tris-
HCl buffer, pH 8. Fluorescence measuremenis
were made on a manual Perkin-Elmer Spectro-
fluorimeter (Model 203) and are uncorrected.
Matched 1<m cuvettes were used. The exci-
tation wavelength is 340nm. Titrations were
performed using s constant probe concen-
tration of 2um while protein concentrations
were varied between O and 280pg/ml. Probe
concentrations were varied between 0 and 30
gM a3t a constant protein concentration of
200 pg/ml. Inhibitor concentrations were fixed
at 200 #M. The binding parameters were calcu-
jated by the method described by Azzi (1974)
and represented as Scatchard plots (Scatchatd,
1949).
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A, Structures of Qhi, QV
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Kinetic measurements

Horse serum cholinesterase and acetyicholin-
esterase from electric cel and bovine erythro-
cytes were assayed essentially by the method of
Ellman er al. (1961). In a typical run, the total
reaction mixture was made up to 7.5ml in 0.1
M phosphate {(pH 8.0). For HSChE, the mixture
contzined 0.05 m! enzyme (500 ug/ml), 0.25 mi
DTNB while substrate was varied between
0025 and 0.15ml. Blanks were adjusted to
100% transmission without substrate, The
change in optical density on addition of sub-
strate was followed at 412 nm for 5min at 30-
second intervals, The Kinetics of AChE from
bovine erythrocytes were studied under iden-
tical conditions. AChE from electrical eel was
assayed using an enzyme stock of 8.33 pg/mi.
The concentration of QX was varied between 0
and 0,08 uM for HSChE and O and 5Sum for
AChE. QIli and QV concentrations were varied
between 0 and 10uM. The data is represented
by Lineweaver-Burke plots taking V, the velo-
city of enzyme hydrolysis, as A, the change in
adsorption per minute. The negative intercept
of a plot of the slopes of the Lineweaver-Burke
plots against appropriate probe concentrations
gives the value of the inhibition constant, ;.
Nuclear magnetic resonance (n.m.r.}
measurements.

N.m.r. experiments were performed on a Varian
HA 100D instrument and a Bruker WH-270
Fourier Transform N.m.r. Spectrometer at the
Bangalore Nun.r. Facility. All probe and pro-
tein solutions were made in D,0. The pH of
these solutions was adjusted between 7.8 and
8.2 with concentrated NaOD and DCi such that
the volume changes were minimal The probe
concentration was generally 1 mg/m}l. HSChE
concentration was varied between O and 4 mg/
ml for Qil and QV and between 0 and 0.25 mg/
mi for QX. At 100 MHz, signal to noise ratios
were improved using a Varian C-1024 time
averaging computer. Scan times of 50 or 100s
were used for a sweep width of 100Hz and
satisfactory S/N ratios were obtalned in 30--50
scans, At 270 MHz, sweep widths of 3000 Hz
were used with 8K data points, Chemical shifts
are expressed as 6 (p.p.m.) downfield from 4,
4-dimethyl-4 -silapentane -1 -sulfonate,  These
values are obtained using a Jhift of 4,76 for the
residual HDO resonance.
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RESULTS

Fluorescence studies

In order to demonstrate that probe binding to
HSChE involved the catalytic anionic site and/
or the peripheral sites of the protein, the effects
of the cholinergic inhibitors, decamethonium
bromide (DM) and eserine, on the fluorescence
of the QX-HSChE complex were studied.
Binding of QX to HSChE results in a blue shift
of about 50 nm in the emission maximum. This
suggests binding of the probe to a hydrophobic
region on the protein. Fig. 1B shows that
bound QX fluorescence intensity diminishes on
the addition of DM, However, there is no
change in the position of the emission maxi-
mum. A decrease of 20% in bound QX intensity
is also seen on the addition of as fittle as 8 um
eserine. This carbamate inhibitor -affects
enzyme activity by reacting covalently with
residues at the active site (Main & Hastings,
1966}, The diminution of bound probe fluor-
escence then arises from reguced probe binding
at the active site. Decamethonium, however,
interacts noncovalently with HSChE and AChE
and shows mixed inhibition patterns with both
enmzymes (Kamaric 1973a, b). Therelore, the
reduction in bound probe fluorescence, in the
presence of DM, could be the result of direct
displacement or alternatively, of structural
changes in probe binding sites on interaction
with the inhibitor. Cholinesterases are subject
to allosteric control {Changeux, 1966) and the
results obtained with DM and eserine reinforce
the view that the probes bind to the catalytic
anionic site or the peripheral anionic sile or
both.

Earlier studies (Narayanan & Balaram, 1978)
have shown that the Scatchard plot for the
binding of QX to HSChE is nondinear,
suggesting the existence of two classes of
binding sites (K ~ 1077 for Site 1 and Kp ~
107% for Site 2). The binding parameters are
listed in Table 1. While binding site hetero-
geneity is clearly seen for QX, the deviations
from linearity of the Scaichard plots for QlI
and QV are very much smaller. An attempt has
been made to fit this data to obtain two sets of
binding parameters. However, over this concen-
tration range, the values of n and K, obtained
are very similar, cuggesting that Qi1 and QV
cffectively probe only a single class of binding
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TABLE 1

Effect of cholinergic inhibitors on the binding parameters for the interoction of QV e QX with lworse g

cholinestorase™

Probe Inhibitor n, (umol g ') Kg, (M) ny(umol g™ ) Kp, ()
Qu : .39 2.03 » 10°¢ 1.84° 617 % 100
ov : 1.99 2.06 X 10°* 306" 9.27 X 107
Qv HM 1.35 225%X10°*

Qv DM 1.60 2.29 % 10°*

Qv cc 1.50 1.76 X 10°?

ov TC 1.25 1.79 % 10°°

QX - 3.26 648X 107" 100 129 %1070
QX HM 4.00 768 x 10°* 11.00G L.1ox 10°°
aQx M ¥ . RIE S
QX cc . . 6.00 1.10 X 10°*
ox TC 564 11.70 X 1077 16.00 112X 10°*

s Data obtained from Figs. 2 and 3. Units for *n’” in earlier publication (Narayanan & Balaram, 1978) should be
pmol g”'. The smail differences that can be seen between the values of n and K reported earlier and in the
presunt study are a reflection of the errors in the determination of binding parameters from different sots of

expreriments,

n @nd Kp values obtained from the high probe concentration region of the Scatchard plot.

sites. The n and ¥y values obtained at lower
probe concentration are more jikely to reflect
the true binding parameters for this site. In
order to {urther understand -the nature of the
probe binding sites, the effects of the cholin-
ergic inhibitors, decamethoniuin (DM), hexa.
methorium (HM), carbamylcholine {CC) and d-
tubocurarine (TC), on the interaction of the
‘probes with HSChE were investigated.

'Figs. 2 and 3 show the Scatchard plots for
the binding of QV and QX to HSChE in
presence of the four inhibitors. The value of
Fn, the limi‘ing fluorescence per uM of bound
probe, remains unaltered in the presence of
DM, HM and CC. This impiies that the bound
prode quantum yield is unaffected by inhibitor
binding and that the microenvironments of the
bound probe are unaltered in the presence of
inhibitor. In the case of TC (figure not shown)
there is a distinct lowering of F,,,. This inhibi-
tor i3, however, susceptible to photodepra-
dation and gives rise to fluorescent byproducts,
which may lead to errors in the values of
measuied fluorescence intensity.

The binding stoichiometries (n) and dis-
sociation constants (Kp) determined for QV
and QX ia the presence of the four inhibitors
are listed in Table 1. The data for QV shows
that, over the range of concentrations studied,
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FIGURE 2 LA
Scatchard plots for the interaction of QV with HSChE
in the presence of cholinergic inhibitors. Py, and Py
are the concentrations of bovnd and fiee probe
respectively. (s) Buffer. (b) Decamethonfum. (c) Hexa-
methenium. (d} Carbamylcholine. (2) d-Tubocurarine.
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‘Scatchard plots for:the interaction of QX with HSChE
in the presence of inhibitors. Py and Py are the con-
centrations of bound and free probe, respectively. (a)
Buffer. (b) 'Hexamethonium. (c) d-Tubocurarine. (d)
Decamethonium. (¢) Carbamylcholine.

the ‘four inhibitors seem to have similar effects
on the fluorescence of the QV-HSChE complex.
This result must be contrasted with the binding

I

of QX to HSChE in the presence of the inhibi-
tors. Fig. 3 shows that while DM and CC cause
a marked reduction in the non-linearity of the
QX binding plot, two sets of binding par-
ameters may still be obtained in the presence of
HM and TC,

Inhibition studies

Fig. 4A shows the Lineweaver-Burke plot. for
the inhibition of HSChE by QII. Similar results
were obtained for QV. Both these probes dis-
play the characteristics of mixed inhibition
(Ayling, 1973). Fig. 4B shows the corre-
sponding plot for QX, which suggests competi-
tive binding to HSChE. Inhibition data for QIi
and QV (dashed lines) are also shown for com-
parison. It can be seen that the order of inhibi-
tion is QX (0.08 uM) > QV (4.3 uM) > Qi (4.3
uM). It should be noted that QX is almost twe
orders of magnitude more effective in inhibiting
HSChE. Fig. 5 shows the plots of SfV versus
inhibitor concentration, for the inhibition of
‘HSChE by the three probes. The K; values
determined from Fig. 5 together with the values
obtained for the inhibition of electric eel AChE
and bovine erythrocyte AChE by QX are sum-
marized in Table 2.

QX shows mixed inhibition of the two
acetylcholinesterases. The results show that QX
is a less effective inhibitor of these two
enzymes, as compared to HSChE. However, the
K; values are still indicative of fairly strong
inhibition of these enzymes by QX. It was
earlier shown that there are no major changes in
the fluorescence parameters of QX in the

: On-HSChE

a FIGURE 4
‘on A, Lineweaver-Burke plots
of the inhibition of HSChE
e by QIl. V is the 1ate of
change in OD. 8 is the sub-
strate concentration in, mel
Tt liter'. B, Lineweaver-
e Burke plots of the iahi-
bition of HSChE by ‘OX
(solid lines). The braken
lines represent (a) inhi-
bition by QIl (4.3uM;
{b) inhibition by QV (4.3
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3e0

FIGURE 5

Plots of S/V versus in-
hibitor concentration In
pmol liter ™', for QII, QV
and QX. ([S}/[V] rep
resents the slope of the
Lineweaver-Burke plot.

[innibiter]

presence of the two acetylcholinesterases
{Natayanan ' & Balaram, 1978). This result is
- probably a cdnsequence of probe binding to a
relatively polar site on the enzyme which has
‘minimal effects on fluorescence parameters:bat
allows inhibition of enzyme activity.

{(3)

o110

The X-axis scale in par-
({[+]]

entheses for QU and QV,

of HSChE to QII (spectrum b, Fig. 6) leads.{o
line broadening, suggesting interaction betwepn
.probe and protein. This broadening-is, apt
"sccompanied by detectable thanges in chamigal

ghiift, ' thus * riling - -out: themigal ; shift. conri-
hivations to the enhanced.selanation vates Jhe

9t lt'-'hﬁdUQV-"ire='-'téw=p-utmf1hﬁ!buowf¢fnmmd linewidths are the weighted average of

"HSChE taki 5 QX' 'This
obtained from fluorescence experiments and
probably reflects different modes or different
sites for the binding of QX on the one hand and
QI and QV on the other.

Nuclear magnetic resonence studies

N.m.i. spectroscopy provides a direct method
for monitoring protein-small molecule inter-
actions if rapid exchange occurs between the
free and complexed states of the ligand (Dwek,
1973). Fig. 6 (spectrum a) shows the region
between 2.7 8 and 3.3 5 of the 100MHz 1H
n.m.r. spectrum of QIi. The signals at 2.9 § and

*
3.15 are assigned to the -N(CH,), and -N
(CH,), protons, respectively, on the basis of
chemical shifts and peak intensities. In the
absence of protein, both signals are sharp and
have linewidths (Av y, ) of 2.2 Hz. The addition

resnit parallels the' data < the' Av,/; values in the bound and. free siates.
* Signal-broadening results from restrictions in
* the"mobility of ' the groupsat the protein

- binding site. The broadening of both methyl
resonances is indicative of interaction of both

TABLE 2
Inhibition constants (K g for the effect of cholinergic
probe on enzyme activigy
Probe Enzyme K(a)
Qi HSChE .02 §0 "t
Qv HSChE 6.70x 10r°
QX HSChE 440 x 10°°
QX Feetric 1.23x 10°*
eel AOOE
QX Bovine erythrocyte 2.50x 10°¢

AChE
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FIGURE 6 &
The -N(CH, ), sad - (CH,), signals of the ' Hn.m.r.

spectra of (a) Qff, 0.5 mg/mi, (b) Qif, 0.5mg/mi +
HSChE, 3.04 mg/ml, (c) QV, § mg/ml 1+ HSChE, 3.0

- mgimi, (4} QX, 1mg/ml+ HSChE, 0.095 mg/mi. .

ends of the molecule with me. A sig-
nificantly larger broadening of N(CH,},
vesonsnce &s compared to the N(CH,), pesk is

o2

observed over a protein concentration runge of
i—3 mgfmi (figure not shown), This is presum.
ably due to greater restrictions to local mobility
znd consequently closer interactions of the
dimethylamino group with HSChE. Fig. &
{spectrum c) shows that the -N(CH, ), group of
QV broadens to & much greater extent than
does the -N{CH,; ), group in QI, on addition of
HSChE. A small downfield shift of about 0.1 4
(10Hz) is also observed, in the presence of
protein. Once again the -N{CH, ), resonance Is
less affected. Fig. 6 (spectrum d) shows the
methyi resonances of QX in the presence of
HSChE. Considerable broadening of both sets
of resonances is observed. it may be noted that
the spectra were obtained at much lower
protein concentrations. This was necessitated
by the very marked line broadening in the
presence of enzyme. Thus in QX, the longer
alkyl chain appears to permit the two ends of
the probe molecule to interact with the enzyme
surface, much more than in Qil and QV, :
The variation in the spin-spin relaxstion
times T, (=1/nAv,;) of the QV methy!l'
groups as a function of increasing HSChE con-
centration, is shown im Fig. 7A. A reasonably
good linear dependence Is obtained and may be
extrapolated to provide a crude estimate of the
Ty values for the methyl groups in the probe-
protein complex. A much smaller vale of T,
is obtained for the -N(CH,); group relative
to the -N(CH,)s group, confirming the inore
pronounced immobilization of the former on
binding. Fig. 78 shows the effect of varying

30

nAv,,

105~

0

14] -
/ Sl
’, 3 *
P {CH,),. (b} -N(CH,),.

A, FIGURE?
A, Plot of T, (S) versus

b © jprobe)f [Protein} for the
//‘ tnteraction of QV with
HSChE, {Probe] and [Pro-

tein] in pmol liter! and
mg/ml respectively. (a) N
B,
Pot of 1/T, versus pH for
the Interaction of QX with
HSChE. Probe and protein

G L L | f

2 3
A {Prv:bﬂ /E’ﬂ?‘\‘?'“]

concentrations are | .mg/ml
and 0.1 mg/wil, respect-
ively. (a) -"B{CH ), . (k) -N
(CH,),.
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pH on the QX-HSChE interaction. l;inc nar-
rowing of both N(CH;), and -N(CH;)s
resonances iz observed at fow pH. A pKa
beiween 6 and 7 is estimated for the titra-
table group involved in the binding. The reduc-
tion in the linewidth is a consequence of the
reduced number of bound molecules at low pH.
This could arise due to protonalion of an
anionic residue at the enzyme binding site or
due to protonation of the basic dimethylamino
function on the probe. The pKa value for the
anionic site residue in HSChE is 6.3 (Aldridge
& Reiner, 1972), while the protonation of the
-N(CH,), group occurs below pH 4 (Himel &
Mayer, 1970). Therefore the diminution of line-
width with decreasing pH must be due to the
non-availability of a negative charge at the
anionic site of HSChE.

The meihyl resonances of QX in the presence
of HSChE, electric eel AChE and'bovine ery-
throcyte AChE are shown in Fig. 8. Atidentical
probe and protein concentrations, the order of!

Hine broadening in the presence of the three

proteins. iss HSChE > cel AChE > erythrocyte
AChE. THis reflects a stronger interaction of
Q¥. with HSChE and is in agreement with the
results of fluorescence and inhibition studies.
The commercial sample of HSChE used in these
studies is known to be a non-homogeneous pre-
parition, However, it has already becn shown
that the data from fluorescence and inhibition
studies reflect the specificity of the probe-
HSChE interaction. Further, the piobes show
negligible interaction with other proteins
{Narayanan & Balaram, 197R). Therefore, the
results obtained from the n.m.r. studies, which
parallel the results obtained from the other
techniques, must also arise from specific inter-
actions between the probes and HSChE.

DISCUSSION

The probe structures (Fig. 1A) have a charged
guaternary ammonium head group at one end
and a hydrophobic naphthalene ring at the other.
Binding to the enzyme may therefore involve
electrostatic as well as hydrophobic inter;
actions. The site directing action of the -N
(THy)s mroup is likely to be similar for QI1, QV
and QX. The enhancement of bwmding with

increasing alkyl chain lenpth will then presum-

ably reflect the existence of different hydro-
phobic interactions for the three probes. Quan-
titation of the probe-protein interaction In
terms of binding stoichiometries (n) and dis-
sociation constants (Kp) has been reported
earlier (Narayanan & Balaram, 1978). These
values have been listed in Table 1 snd show that
OX interacts with two sites on the protein (Ky
=648 x 1077 M, Site | and Kp =1.29 x
1073 M, Site 2). The data for QI and QV, how-
ever, yield similar values of n and Ky from the
two portions of the binding plot. This warrsnts -
the assumption that only one type of site
characterized by Kp ~ 107% is being probed by
QIl and QV. This site may correspond to either
of the QX binding sites. The inhibition studies
show that QX Is a2 much more potent inhibitor
of HSCHE than the shorter Hosfiologs. It is
likely tHercfore that QX affecty erzypmv acti-
vity by interacting with' te matin cataihtie site

2

LERPEESIRI ; T { E—
10% 2.8%
FIGURES 8

The -N(CH, ), and -N (CH,), signals of the ' I n.m :
crectte of QX in the presence of (a) HSChE, (b
vt eel AChE, and () bovire ervthrocvie AChH
e concentration Diss/ml
g

Protein concenirat]
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site and
an allosteric
binding par-

' and 1 bind to a secondary
it enzyme activilty through
n2chanism. The measurement of

ameters in the presence of cholinergic inhibitors

(F:igs. 2,3, Table 1) shows that the binding par-
ameters of QV remain largely unaffected in the
presence of HM, DM, CC and TC. However, the
* iition of CC and DM causes a reduction in
the pon-linearity of the QX binding plot, and

parameters corresponding to Site 2 aione can be
obi . Under identical conditions, two sets
of binding parameters can be obtained for QX
in the presence of HM and TC.

Carbamyicholine causes inhibition of HSChE
sctivity by binding covalently to tire main cata-
Iviiz site of the enzyme (Auvgustinsson er of,,
1959). Thercfore, the abolition of QX binding
to Stie 1 in the presence of CC arises presum-
ably from the displacement of bound probe
from the main catalytic site. The binding of QV
to HSChE is not affected by the addition of
CC, indicative of probe interaction with a sit2
other than the main catalytic site. The inhibi-
tion of HSChE by DM and TC involves tllo
formation of enzyme-inhibitor-sebstrate
coﬂpwuﬂ implying distinet sites oo
enzyme for inhibitor and su"s*-' 1 3
i%73a, b)Y, However, HM, DM and ' 22,
to bind with varying affinities tc, tire mad
alytic site. The similarity in the effect: of the
four inhibitors on QV binding and the
changes in probe binding paremetors 3
l%aat QV and the inhibitors bind =

ined

cparaie sites on the enzyme :-.'ﬁ ik
umous binding of QV and iniititor v the
enzyme is possible.

The binding parameters hsted in Table |
show that DM and CC abolish the binding of

QX to Site I, but have practicaily no effect on
GX binding to Site 2. Thus while site 1 is
presumably the main catalytic site of the
enzyme, Site 2 must be a peripheral binding
site on the enzyme. An examination of the Ky
vaiues characterizing the binding of QX to site
2 in the presence and abseace of inhibitors,
shows that there are no significant clianges in
binding affinity. Thus, probe binding to Site 2
seems unaffected by inhibitor occupancy of
Site 1. It is significant that the results obtained
for the binding of QX to Site 2 parallel those
obtzined for QV binding to HSCLE. This is
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fand P

possibly a cons

Sy
ficy

equence of a simila
3 s

two sites, it is also of interest (o note t}
blue shif't chserved for QX bound to HSChE is
also sven in the presence of CC (Fig. 1B), des-
pite a drastic decrease in intensity, This FL' ther
SUPPOILS 15‘ view that the inhibitor acts by
direct displacement of QX and not by olter-
ation of !*“ microenvironment of the fluoro-

i the

2 ,f c ',..;Th\
"1511 :EnL probe Ltm 2 I(,df the active
of the enzyme. The K; values obtained for
and QV are wiihin a'1 ord= r of magnitude

ta 1 [:!! 3

o [E-.-c value obiained for the related compound
1-(5-dimethviaminonaphthalene-1-sulfonamido)
proping-3 :Hmvth}'lammnnium iodide (D)
which has a K;=6.3x 107%M. Both | and

L-{5-dimethylaminonaphthalene-1-sulfonamido)

opane-3-N, N-dimethylamine (II} are com-
ibitors of serum ChE. ! inhibits
\ChE sctivity while 11 has no effect on this
enzyme {Himel er al., 1970). The inhibition of
H5CHE by N-methyl acridinium jodide is

characterized h_v a K value of 53 x 107°
Chan et ¢l, 1974) nearly equal to the QX
value, QX is a mugh more effective inhibitor of

FISCLE than the shorter homologs, QI and QV.
] agraes with the fluorescence data
in all probability, from different
interactions with the protein,

QX inhibits the activity of AChE from
electric eel and bovine erythrogytes, but to a
lesser extent than HSChE. The nunvr, spectra in
the presence of the three enzymes (Fig. 8) show
greater broadening of the QX methyl signals in
the presence of HSChE but are still indicative
of interaction between QX and the acetyl-
cholinesterases. However, the fluorescence par-
ameters of QX were not significantly altered in
the presence of AChE. Thus, the {luorescence
technique is limited by the fact that not all
prove-protein interactions can be monitored by
it. Its utility is dependent on the environment
of the probe binding site.

The rasults of the nun.r. experiments suggest
a closer interaction of the -N(CH, ), group with
the protein and consequently greater broad-
ening of this signal relative to the -N{Cil,),
resonance, The slightly less efficient relaxation
of the -N(CH,); group may arise from the
availability of local motional modes for these

i his

i 1
ihis resmf

and arises,
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methyl groups. The extent of broadening of the

signals is proportional to aklyl chain length. In.

the case of QX, both ends of the molecule
interact to a considerable extent with the
rProtein.
=:* A model for the interaction of QV and QX
“with HSChE, which is compatible with the
results obtained from fluorescence, kinetic and
num.r. experiments, has been presented in Fig.
9. A and E denote the anionic and esteratic sub-
,sites, P is a peripheral binding site while #
.represenis the hydrophobic area near the
snionic subsite, The fluorescence data has
(shown that QX binds to two sites on the
.protein over the range of concentrations
studied. The high affinity site of QX, denoted
earlier as Site 1, is likely to be the A4 site, This
Is borne out by the diminution in QX fluor-
escence on the addition of active site inhibitors
like carbamylcholine and eserine. Further, the
inhibition characteristics of QX suggest com-
petitive inhibition of the enzyme.

The large differences in the results obtained
for QV and QX by the three methods suggest
that QV binds to a different site on the protein,
presumably the P site. The binding of QX to
the A site is probably further strengthened by
the interaction between the dansyl moiety and
the hydrophobic area, #. The length of a fully
extended decamethylene chain is sbout 14A

Esidratic
rubsito

S
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(Mooser & Sigman, 1974). Therefore, the
hydrophobic area must be at a maximum dis-
tance of 14 A from the A site. An interaction of
this type is probably not available to QV,
accounting for the smaller changes in fluor-
escence and n.m.r. properties on addition of the
protein. The hydrophobic environment of the
naphthalene ring of QX leads to the large
enhancement of intensity and blue shift in the
fluorescence studies and the marked broadening
of the -N(CH;), signal in the n.m.r. experi-
ment. ; !
The weaker binding site of QX is likely to
be the P site, which is also available to Qi end
QV. This is borne out by the effect of inhibl-
tors on the binding parameters of QV and QX
at Site 2. Further, enzyme inhibition and n.m.r.
data also suggest a peripheral binding site for
QV. Thus, the lengthening of the alky! chain
leads to a change in probe binding charac-
teristics. The binding of QX to the 4 site per-
mits a partial exploration of binding site topo-
graphy. Structural distinctions between the
serum ChE and AChE class of enzymes may
also be monitored by the use of such probes.
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