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1. Introduction

A special proteolipid, having high affinity binding
for dimethyl 14C-d-tubocurarine [1], 14C-serotonin
[2] and some adrenergic blocking agents [3] has been
isolated from gray matter and shown to be concen-
trated in the nerve-ending membranes [1]. While
studying the polarization of fluorescence of such a
proteolipid, dissolved in chloroform-methanol (4:1),

a notable change in Rayleigh scatter was observed on
the addition of atropine sulphate (AS). This finding
led us to study the drug-proteolipid interaction under
various conditions and using different drugs that may
have interfered with such a phenomenon. Although
our findings are still preliminary the dose-response
curves obtained show a sigmoid shape characteristic of
a cooperative interaction [4], which is reminiscent of
similar phenomena observed in excitable membranes

(5]

2. Methods

The gray matter of the cerebral cortex of cat and
ox was dissected, homogenised in water and the total
particulate submitted to chloroform-methanol (CM)
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extraction and partition with water [6]. The proteo-
lipid was purified further by precipitation at 0° with
ether and redissolving in CM (4:1). Such a procedure
eliminated cholesterol, 80% of phospholipids and
about 50% of cerebrosides [7] . The ether precipitate
was used as such for some titrations, but in other
cases it was passed through a column of Sephadex
LH, and eluted with organic solvents of increasing
polarity [7]. Four proteolipid peaks were obtained
(fig. 1) of which the last two showed the high affinity
binding for dimethyl C14-d-tubocurarine [8] and
14C_serotonin [2] . These peaks also had a low con-
tent of phospholipids [7].

The light scattering was determined with an Aminco-
Bowman Spectro-fluorometer. The incident light was
set at 430 myu and the scattered light was measured at
90°, both radiations being vertically polarized by means
of Glann prism polarizers. All the titrations were
made in 2 ml of CM (4:1) containing 8—30 ug of pro-
teolipid protein. The intensity of the scattered light
of these solutions before the beginning of the titration
is called 7. To the cuvette 1 ul samples of a 10-3 M
AS solution in CM (4:1) was added and the increase
in light scattering (7-7,,) was registered at each point,
waiting for a maximal response (fig. 1). In other ex-
periments various amounts of AS were added and the
response obtained was recorded for 100 seconds. The
initial velocity V, = d(T—-T,)/d#(d in min) was calcu-
lated.

T hax-To indicates the maximal light scattering
change obtained at the end of the titration. Standard
and Hill plots of the titrations were made and the
Hill coefficients (ny) were determined:
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Fig. 1. Light scattering changes (7-T) produced by different

concentrations of AS on the various protein peaks separated

by column chromatography (see inset). Peaks I-IV are proteo-

lipids of total particulate from bovine cerebral cortex preci-

pitated with ether and eluted from Sephadex LH, by organic
solvents [7].
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Fig. 2. Plotting of (AS) % and proteolipid concentration in ug
using an ether precipitate of bovine cerebral cortex.
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3. Results

Fig. 1 shows dose-response curves obtained with
the different proteolipid peaks eluted from the Sepha-
dex LH; column using bovine cerebral cortex. Peaks
III and IV give the typical rapid increase in light
scattering with AS, while peaks I and II give much

FEBS LETTERS

July 1969

lower responses. The scatter does not change with the
first addition of AS but, with further additions it in-
creases, following a characteristic sigmoid shape which
reaches saturation level.

The light scattering is proportional to the amount
of protein introduced into the cuvette. In the experi-
ment of fig. 2 it is observed that there is a linear rela-
tionship between the proteolipid concentration and
the concentration of AS needed to obtain half satura-
tion of the optical change. This concentration of AS
is referred to as [AS] 3.

The light scattering effect of AS was tested in the
presence of increasing concentrations of acetylcholine
(ACh) (fig. 3). This treatment reduced the amplitude
of the response (T;;,,,-T,,), which at 10~3 M ACh was
only of the order of 40% of the control value but with-
out altering the [AS] § with respect to the control
(table 1). Dimethyl-d-tubocurarine (DMTC) had a very
striking effect. At low concentrations it produced no
change or even increased the intensity of the scattering;
however with higher concentrations (5 X 104 M)
there was a definite blocking effect which was sur-
mounted only when 5.5 X 10-6 M of AS were added.

The differences between the effects produced by
ACh and DMTC are even of greater interest when Hill
plots are made (fig. 3). While in the control the ny is
about 3, indicating a certain degree of cooperativity,
with ACh it remains the same or tends to decrease
(table 1). On the contrary with DMTC the ny; increases
considerably reaching 8.6 at 5 X 1074 M (fig. 3).

In table 1 it may be observed that succinylcholine
(Sch) and hexamethonium (Hex) produce an inhibition
of the light scattering which is in some way inter-
mediary between those produced by ACh and DMTC.
In effect, at high doses, there is a reduction of Tp,,,.- T,
but at the same time the ny increases indicating
greater cooperativity. This effect is without marked
changes in the [AS] % .

Fig. 4 shows three kinetic experiments done with
the same amount of proteolipid and different concen-
trations of AS dadded in a single dose. The light
scattering increase was registered continuously for
the first 100 sec. The initial velocity (V) increased
with increasing AS concentration up to 4 X 1076 M.
V, did not increase with higher concentrations of
AS but there was a slight increase in T, -T,,. When
log V,, is plotted against iog AS a straight line is ob-
tained which has a slope of about 3. So the apparent
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Fig. 3. Left. Standard plotting of the light scatering changes (7-T¢) by AS in proteolipid peak IlI from the cat cerebral cortex
treated as in fig. 1. Observe the effect of AS in the presence of various concentrations of ACh and DMTC. Right. Hill plotting of

the same experiments showing the strong change of the nyy by DMTC.

Characteristics of the effect of some ligands (;rnal:]l]‘i iight scattering changes by atropine sulphate.
To Tax-To [AS]3 M nH

CM (4:1) 30 -

PL (1) 10.6 ug 33 57 1.1 X10°® 3.15
PL (2) 21.2 g 35 100 1.25 X 1075 3.59
ACh5 X 10~° M 34 51 L1 X10°® 2.75
ACh5X10* M 41 41 11 X10°°® 1.98
ACh5 X 1073 M 45 24 12 X10°° 3.38
DMTC 107 M 35 59 1.4 X10-° 4.34
DMTC 5 X 10% M 35 55 74 X10°° 8.63
Sch 10~* M 36 52 L2 X10°° 3.27
Sch 5 X 1074 M 38 43 115 X 107° 3.98
Sch 107 M 36 36 19 X10°° 7.50
Hex 5 X 107 M 37 48 1.8 X10°° 3.73
Hex 1073 M 40 34 1.85 X 10°¢ 6.36

For all titrations the same amount of proteolipid (PL) as in control (1) was used. The PL was from fraction III (fig. 1) of cat cere-

bral cortex.

order of reaction with respect to AS concentration
coincides with the ny for the same reaction. V, was

6

strongly affected by DMTC and ACh (table 2).



Volume 4, number 1

of

FEBS LETTERS

July 1969

e

%Lt-Ta

-
T

e
[/
|/

40 %wm Vo /
e y
2,5.10%m
1001
x

A/

Ix
LA PR B S .

o

1075 M [ag]

Fig. 4. Left. Light scattering changes (7-T), as a function of time, using the same amount of proteolipid (27 ug of ether precipi-
tate of bovine cerebral cortex) and increasing concentrations of AS administered in a single dose. Right. The same experiment but
plotting the initial velocity (V) against AS concentration.

Table 2

Changes in ¥, of the light scattering by AS with DMTC and ACh.

[DMTC] M Vo [ACh] M Vo
- 83.3 - 83.3
5% 108 37.1 1.5 X 1075 73.8
1\/1:\—6 an 1 2\ 15 £c oA
A 1U JU.l I AN 1U D24

2.5 X 103 11.7 1X10°° 42.8
5X 1077 3.6 5X 107 16.6

The origin and amount of proteolipid used was the same as
in fig. 4. The amount of AS added at 7 = 0 was 2.5 X 10" M

4. Discussion

Light scattering may be used as a method for
measuring molecular weight and size of proteins (see
[Q]\ Although at present we do not have information

about the degree of homogeneity and the size of the
proteolipid isolated from the cerebral cortex it seems
possible that the increase in light scattering with AS
could be due to the association of molecular or
micellar units into larger assemblies. This phenomenon
is not observed using atropine base, suggesting that,
due to the low polarity of the medium, the AS is

only a little 10mzed and able to bind to two units of

proteolipid. This type of conformational change, re-
sulting in an increase in particle size, could easily ex-
pxam the L,uaugca in ug,lu. scattering. Furthermore with
atropine base and with homatropine bromide it has
been possible to block to a certain extent the effect
of AS.

Another point of interest is the sigmoid shape of
the dose-response curve and the ny of 3 which indi-
cates a certain degree of cooperativity in the AS-pro-
teolipid interaction. in a study of the changes in mem-
brane potential of the electroplax with cholinergic
activators such as carbamylcholine an n; 4 of about 2
was found by Changeux and Podlesski [5] , who on this
basis suggested an analogy between excitable mem-
branes and regulatory enzymes. In our study the de-
gree of cooperativity changed little with ACh but had
a dramatic change with DMTC and also with hexame-
thonium and succinylcholine with which, at high con-
centrations, the Ny was more than doubled. This

light scattering change probably does not correspond
to a stereospecific binding since it can be obtained
with other amine sulphates such as: eserine, amphet-
amine, dibenzylamine and strychnine. However it is
evident that there is a certain group-specificity between
the various ligands and the proteolipids; further studies
may clarify this point.

Hidy Lialily Ll Qi

These hght scattering changes are of great interest
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in relation to our previous studies on the high affinity
binding of labelled serotonin, DMTC and other drugs
to the proteolipid [1—3]. In fact in the proteolipids
eluted from the Sephadex LH,, column there is a
coincidence between the property of binding and that
of reacting with AS and other amine salts linked with
bivalent anions. As a working hypothesis it may be
postulated that in the subsynaptic membrane of cen-
tral synapsis there is a special receptor proteolipid {1}
which has group specificity rather than stereo specifi-
city for the various transmitters. However the possibi-
lity should also be considered that once separated
from the membrane the receptor could have under-
gone conformational changes by which the stereo-
specificity became lost.
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