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1. Introduction

An increasing number of studies have been recent-
ly undertaken on the cholinergic receptor protein
since the discovery that this macromolecule can be
selectively labelled by snake venom a-toxins [1—3]
and solubilized by mild detergents without loss of the
ability to bind cholinergic agonists and antagonists
13—8] . Several more or less successful attempts o
purify the receptor protein from detergent extracts
of fish electric organs have been reported during the
past few months [9] . We describe in this letter an af-
finity column which gives, in a single step and with a
particularly high yield, an approx. 150-fold purifica-
tion of the nicotinic receptor protein from Electro-
pn()rus etecmcm The pUIlIlC(.l pru tein stiil blIl(.lS
cholinergic ligands and a tritiated a-toxin from Naja
nigricollis [10].

2. Materials and methods

2.1. Synthesis of the affinity coiumn

A sufficient quantity of Sepharose 2B (Pharmacia)
was washed several times in distilled water at 4° to
yield 100 ml of beads after decantation. The total
volume of the suspension was made 200 ml with

* A first report of this work was given at the Fifth Interna-
tional Congress on Pharmacology, San Francisco, USA,
o July 23-28, 1972.
NIH Postdoctoral Fellow no. 2 FO2 NS48648-02; Present
address: University of Californis, Department of Biochem-
istry, Riverside, Calif. 92502, USA.
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distilled water and the pH adjusted to 11 with one
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5.0 g of CNBr dissolved in 100 ml H,O. The pH was
maintained at 11.0 * 0.05 for 10 min and the tem-
perature at 0° with frozen distilled H,O. The beads
were then washed on a Buchner funnel with 11 of
0.05 M NaHCO; buffer, pH 9.8, at 0°, and trans-
ferred with 1 vol of this buffer to a reaction vessel
containing 11.61 g (100 mmole or 1 mmole per ml)
hexanediamine (Aldrich) in a small volume of buffer
which had been adjusted at pH 9.8 with concentrated
HCI. The reaction was carried out with gentle agita-
tion for 21 hr at 4°, after which the Sepharose was
filtered and washed with 1.51 of distilled H, O. The
product gave an orange color in the trinitrobenzene
sulfonate test [ 11] indicating an amino derivative.
The amino-Sepharose was then transferred to a
reaction vessel containing 5.0 g (0.03 mole or 0.3
mmole per ml beads) N-acetyl homocysteine thiolac-
tone (Cyclo Chemicals) in 100 ml of 1.0 M NaHCO,
buffer, pH 9.7, and agitated gently at 4° for 70 hr.
The sulthydryl Sepharose was washed with 101 of
0.1 M NaCl at 4°. To insure that there were no disui-
fide bonds present, the product was incubated for
60 min at 25° in 100 ml of 0.05 M dithiothreitol
(Sigma) in 0.5 M Tris-HCl, pH 8.0, followed by wash-
ings first with 21 of 0.1 M acetate buffer, pH 5.0 at
4°, then with 11 of H,0. A red-brown color was ob-
tained with the trinitrobenzene sulfonate test, indi-
cating a suifhydryi derivative. Estimation of the
ligand concentration was made at this stage, utilizing
< § r]|fh1nh1c.f’).n1frnhpn7n|r~ amr“ DTNRB. accord-

283, allid

ing to Ellman [12] . Using 107* M DTNB in 0.05M
Tris-HCl, pH 8.0, and §-mercaptoethanol (Eastman)
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as standard, the beads were found to contain 0.8 £
0.1 mM sulfhydryl or 0.8 microequivalents per mi.

Compound CT 5263 (formula given in fig. 2) was
synthetized according to P. Roger {13] T. The sulfhy-
dryl Sepharose was reacted for 90 min at 25° in 100
ml of 0.5 M NaHCO; buffer, pH 8.0, with 200 mg of
CT 5263 (250 umoles or 2.5 umoles per ml beads)
after which no free sulfhydryl could be detected by
the Ellman test and a yellow color was obtained with
trinitrobenzene sulfonate. The product was washed
with 11 of 1 M MgCl, and 21 of H, 0.

2.2. Assay of the cholinergic receptor site with [>H]

a-toxin from Naja nigricollis

The a; -isotoxin purified from the venom of Naja
nigricollis by the method of Boquet et al. [14] and
Karlsson et al. [15] was tritiated according to Ménez
et al. [10] . The stock solution contained 0.395 mg
of toxin per ml with a specific radioactivity of 10.5
Ci per mmole [10]. Samples were added to eel
Ringer’s solution in a final volume of 0.2 ml contain-
ing 3.95 ng (0.57 pmole) of [*H]a-toxin (final conc.
2.85X 10°° M). The mixture was then incubated 1 hr
at room temp. When the total amount of protein ad-
ded was lower than 2 ug then 5 ug of extraneous
“helper” protein were added. The most commonly
used helper was the proteins which did not adsorb on
the affinity column (front peak in fig. 2). To the as-
say tube were then added 10 ml of 0.2 M NaCl (with-
out detergent). After 10 min incubation the contents
were filtered through Millipore filters (HAWP 02500)
and the filters washed with 10 ml of 0.2 M NaCl. Un-
der such conditions of low detergent concentrations
(lower than 0.01% for Triton X-100 or 0.1% for
NaCholate) the receptor protein and its toxin com-
plex aggregate and are quantitatively retained on the
filter while the free toxin passes through. The filters
were then dried and counted in 10 ml of toluene
POPOP solution in the Intertechnique Model SL 40
scintillation counter with an efficiency of *H-chan-
nel of 30%. Under these conditions the amount of

[3H] a-toxin bound varies linearly with the concentra-

tion of receptor protein until approx. 80% of the
[3H] a-toxin added to the tube is bound (fig. 1). Pro-
tein was determined with the Folin reagent [16] with

TA copy of the method is available upon request.
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bovine serum albumin as standard. In general to
facilitate the estimate of the optical density, the
sample was briefly centrifuged before measurement
of the absorbance.

2.3. Detergent extraction of the cholinergic receptor
protein from Electrophorus electricus electric
organ

The electric organ (3—500 g) from freshly killed
eels was homogenized in two volumes of cold (4°)
distilled water with a Virtis model 45 for 60 sec at
setting “High”. Frothing was decreased by sonication

(10 X 30 sec) with a Branson “Sonifier” at setting 6.

Crude membranes were collected by centrifugation

for 30 min at 8000 rpm in a Sorvall rotor GSA

(pellet 1). The pellet was resuspended in two vol-

umes of 0.5 M NaCl in 0.1 M Tris-HCl, pH 8, and re-

centrifuged as before. Pellet 2 was resuspended (30

sec, Virtis, speed “medium”) in 2 vol of buffer which

had a final concentration, including the volume of
pellet, of 0.1 M NaCl and 0.1 M Tris-HCI, pH 8.0. To
this was added enough 20% Triton X-100 (Calbio-
chem) to give 1% overall. The mixture was stirred
for 60 min at 22°, after which it was centrifuged for

60 min at 30,000 rpm in a Spinco rotor 30 (ca.

100,000 g). The supernatant was filtered through

cheesecloth and then used as the detergent extract.

2.4. Affinity chromatography on the CT 5263
column .

The beads coupled to CT 5263 at a concentration
of 1 umole per ml of decanted suspension were
packed in a column. In the experiment represented
in fig. 2, 25 ml of the beads were used. After equilib-
ration with the extraction buffer (0.1 M NaCl, 0.1 M
Tris pH 8.0, 1% Triton X-100) 20 ml of centrifuged
extract were applied at a flow rate of 30 ml per hr
and fractions of 20 ml were collected. The column
was then washed with 200 ml of buffer and the re-
ceptor protein eluted with a gradient of O to 1073 M
flaxedil (gallamine triethiodide, Specia). Finally the
column was washed with 2 M NaCl to desorb acetyl-
cholinesterase and other proteins. Aliquots of the
fractions were extensively dialysed against the equi-
libration buffer and assayed for toxin binding. The
column has been scaled up to a 100 ml bead volume
and approx. 500 ml sample.
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Fig. 1. Assay of the free cholinergic receptor site from a de-
tergent extract following the method given in sect, 2.2.

1000 g Fresh electric organ
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2.5. Concentration on DEAE cellulose columns
The fractions containing the AcChR were dia-

lysed against 0.01 M Tris pH 8.0, 0.01 M NaCl and
1% Triton X-100 for 15 hr and applied on 1-5 ml
column of DEAE cellulose (Whatman DE.52) equi-
librated with the dialysis buffer. The receptor pro-
tein was eluted by 0.1 M Tris pH 8.0, 1.0 M NaCl,
1% Triton X-100 and recovered in approx. 1.0 ml.

3. Results

The following scheme gives the results of the solu-
bilisation of the receptor protein according to the
procedure given in sect. 2.3. The results are expressed
for 1 kg wet wt. electric tissue although extraction
was generally carried out on electric organs of 3—
500 g from one eel. The quantities of acetylcholines-
terase molecules (AcChE) are given in moles assuming

38+ 4 gProtein
110 £ 20 nmoles RAcCh

310 £+ 40 nmoles AcChE
homogenize centrifuge
I 1
Pellet 1: 350+ 35¢ Supernatant 1
26+ 3 gProtein 12 gProtein
108+ 3 nmoles RAcCh 2 nmoles RAcCh
200+ 20 nmoles AcChE 110 nmoles AcChE
i
Salt wash centrifuge
r T
Pellet 2: 270+ 25 ¢ Supernatant 2
24+ 3 gProtein 2.1 g Protein
107+ 20 nmoles RAcCh 1 nmole RAcCh
40+ 5 nmoles AcChE 160 nmoles AcChE
I
Triton X-100 solubilization

Supernatant 3: Extract

3+ 0.5gProtein
100+ 20 nmoles RAcCh
40+ 5 nmoles AcChE
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Fig. 2. Chromatography on a CT 5263 column of a Triton X-100 extract of membrane fragments from E. electricus electric organ.

for the time being a molecular weight of 260,000 and
a specific activity of the pure protein of 750 moles of
acetylthiocholine per hr per g protein at 27° in the
previously given conditions of assay [3]. The quanti-
ties of cholinergic receptor site (RAcCh) are ex-

pressed in nmoles of [*H] a-toxin molecules bound per

g of protein using the millipore assay.

Fig. 2 shows the elution profile on a CT 5263 col-
umn of a crude Triton X-100 extract of electric organ
membrane fragments. Approx. 90% of the proteins
present in-the extract did not adsorb while almost all
AcChE and AcChR remained bound to the column. A
single peak of AcChR was eluted by a gradient of O to
1073 M flaxedil. 1 M NaCl released 80% of AcChE
applied and proteins which did not desorb in the pres-
ence of 1073 flaxedil. The fractions containing the
AcChR were pooled and concentrated to 1 ml by a

1 ml DEAE column. The results of the purification
are given table 1. The yield of the column was close
to 50% in cholinergic receptor sites and the purifica-
tion factor more than 150-fold in a single step. The
final material contained less than one catalytically ac-
tive site of AcChE (assuming 65,000 g/site) per 100
cholinergic receptor site. Its specific activity was
2,000 £ 500 nmoles of cholinergic receptor site per g
protein using our Millipore assay, a value close to that
reported independently by Reich and co-workers [9]
using a different assay. However experiments in pro-
gress indicate that our Millipore assay gives a signifi-
cant underestimation of the total number of AcChR
sites present: adding more helper protein to the reac-
tion medium caused an 80% increase in the specific
activity measured. Nevertheless the purified material
still gives several bands by gel electrophoresis in the
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Table 1
Result of the fractionation on the CT 5263 column shown on fig. 2
[3H] o-toxin AcChE AcChR/
binding sites Proteins Specific activity molecules AcChE
(MW 260,000)
(nmole) (mg) (nmole/g protein) (nmole)
Fresh electric
tissue {15 g) 0.80 550 1.5+ 04 2.0+0.25 0.4
Triton X-100
extract (10 ml) 0.75 50 15 = 2 0.5 £ 0.05 1.6
Affinity column
(CT 5263) 0.37 0.185 + 0.04 2000 =+ 500 0.0007 480
presence of sodium dodecy! sulphate. References
The purification step by affinity chromatography
has been scaled up starting from a crude extract con- {1] C.Y. Lee and C.C. Chang, Mem. Inst. Butantan Simp.
taining 30 nmoles [*H] a-toxin binding sites and 1.5 Internac. 33 (1966) 555.

{2] C.Y. Lee, Ciinical Toxicology 3 (1970) 457.
[3] J.P. Changeux, M. Kasai and C.Y. Lee, Proc. Natl. Acad.
Sci. U.S. 67 (1970) 1241.

g protein, a 70 ml affinity column yielded 3—-4 mg
protein with a specific activity of 3300 nmoles [3 Hla-

tavin hin Al e mar o tratein amd o rarnuam

toxin binding sites per g protein and a recovery of [4] J.P. Changeux, M. Kasai, M. Huchet and J.C. Meunier,
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ic agonists and antagonists as well as the [>H]a-toxin.
As expected from our previous work |3—5], [1*C]-

decamethonium bound to this protein is completely [7] M. Eldefrawi and A. Eldefrawi, Proc. Natl. Acad. Sci.
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