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SUHMARY 

Hydrophobic protein f ract ions,  having n ico t in ic  or muscarinic binding 
properties were separated respect ively from skeletal muscle and smooth intes- 
t ina l  muscle using the l i poph i l i c  gel Sephadex LH20. Further pu r i f i ca t ion  of 
the speci f ic  f ract ions was carried out by a chol inergic a f f i n i t y  column, 
using e lut ion with organic solvents, followed by a pulse of IO-~H acetylcho- 
l ine . The results obtained confirm the v a l i d i t y  of the Sephadex LH20 tech- 
nique for the iso lat ion and binding of chol inergic proteins proposed by De 
Robertis et al (4) and discard the c r i t i c isms raised by Levinson and 
Keynes (7). 

INTRODUCTION 

Special hydrophobic protein f ract ions were isolated from Torpedo and 

Electrophorus electroplax (1) and skeletal muscle (2) and were shown to have 

n ico t in i c  binding propert ies. Furthermore a chol inergic protein f ract ion of 

muscarinic type was isolated from in test ina l  smooth muscle (3). The standard 

procedure has been to extract the t issue with organic solvents and, a f te r  

incubation with the speci f ic  l igand, to load i t  on a column made with the 

l i poph i l i c  gel Sephadex LH20 (4). This is followed by elut ion with chloroform 

and mixtures of chloroform-methanol of increasing po la r i t y .  In every case 

several protein f ract ions were separated, of which, a single speci f ic  peak 

bound the chol inergic l igand. The free drug was retained by the column or 

was eluted in the most polar regions of the chromatogram. For binding studies, 

another method used in our laboratory has been a biphasic pa r t i t i on  system in 

which the ligand is placed in the aqueous phase and the two phases are s t i -  

rred un t i l  binding equi l ibr ium is reached (5). 

In spi te of a l l  the published evidences for various receptor proteins (6) 
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and disregarding the resul ts obtained by pa r t i t i on ,  Levinson and Keynes (7) 

have c r i t i c i z e d  the binding method using Sephadex LH20, suggesting that the 

association of the ligand with the protein was a r t i f a c t u a l .  In the present 

paper, in addit ion of showing that hydrophobic chol inergic proteins, having 

n ico t in ic  and muscarinic binding propert ies, can be pur i f ied by a f f i n i t y  

chromatography, the value of the Sephadex LH2D method (4) is f u l l y  confirmed. 

EXPERIMENTAL 

Lyophilised rat diaphragms were extracted with chloroform-methanol (2:1) 

(2). The c i r cu la r  layer of bovine intest ine was dissected (3) and extracted 

without i yoph i l i sa t i on ;  the tota l  l i p i d  extract  (TLE) was washed with theore- 

t i ca l  upper phase (8). The extracts were submitted to column chromatography 

on a Sephadex LH20 column and the protein f ract ions,  that bind the chol iner-  

gic drugs, were separated (Figs. 1A and 2A). 

The a f f i n i t y  chromatography system consisted of Sephadex LH20, a spacer 

am -3,3'- iminobispropylamine-, and a quaternary ammonium compound p-phenyl- 

trimethylammonlum of recognized chol inergic characte~9)covalently linked to 

the free end of the spacer arm (10). The column of 17 x 1.7 cm was equ i l ib ra -  

ted with chloroform and the material ( i . e .  the previously isolated fract ions) 

was loaded onto the column in 2.5 ml samples. Eiution of the non-specif ic 

proteins was carried out by the use of chloroform and mixtures of chloroform- 

methanol of increasing po la r i t y .  When no fur ther  UV absorbing material was 

detected at 280 nm~ a pulse of 10-3M acetylchol ine in 5 ml of chloroform- 

methanol (4:1) was applied. The elut ion was continued with the sane solvent 

mixture un t i l  the speci f ic  chol inergic protein f ract ion was eluted (Figs. lB 

and 2B). A detai led descr ipt ion of the technique of chol inergic a f f i n i t y  

chromatography in organic solvents is being published elsewhere (11). 

RESULTS AND DISCUSSION 

Fig. 1A shows the typical  pattern previously described for  skeletal  muscle 

(2). The second protein peak (shaded area) is the speci f ic  one that binds 
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Fig. I Two-step separation of the cholinergic binding protein from 
rat diaphragm (A) Conventional chromatography on Sephadex 
LH20 of a TLE corresponding to 200 mg of lyophilised tissue. 
(B) A f f i n i t y  chromatography in which the specific peak of 
(A) ( i . e .  shaded area) corresponding to 1 g of lyophilised 
tissuewas used. This was equivalent to 32 hemidiaphragms. 

The specific cholinergic binding protein ( i . e .  receptor peak) 
is eluted af ter  the IO-3H acetylcholine pulse (see the des- 
cr ipt ion in the tex t ) ,  

various n i c o t i n i c  drugs, including[3HJoL-bungarotoxinf" (12).  I t  contains an 

average of  200~g p ro te in /g  f resh t issue.  Fig. 1B shows the resu l t  of  a f f i n i t y  

chromatography. The large non-spec l f i c  peak contains most of the pro te in  

loaded onto the column. The spec i f i c  pro te in  ( i . e .  receptor peak), e luted 

a f t e r  the ace ty lcho l ine  pulse, contains 13 pg/g f resh t i ssue.  Since the reco- 

very is 95~, th i s  amount corresponds to a 15.4 fo ld  enrichement over the 

preceding step. I f  we consider that  the to ta l  p ro te in  content in rat  d ia-  

phragm is about 200 mg/g f resh t issue ¢he to ta l  enrichement of th i s  pro te in  

f r ac t i on  is in the range of  15.000 fo ld ,  Upon rechromatography on Sephadex 

LH20, in the presence of 10"6H [14C 1 ace ty lcho l ine  iodide (Amersham 2.4B Ci /  

mole), the non-spec i f i c  f r ac t i on  did not show binding,  ind ica t ing  that  the 
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Fig. 2 Two-step separation of the muscarinic chol inergic binding 
protein Fraction from the c i r cu la r  layer of the bovine 
in tes t ine.  (A) Conventional chromatography on Sephadex LH20 
carr ied out with a TLE of 16g fresh t issue. 
B) A f f i n i t y  chromatography done with Four speci f ic  peaks of 
(A). The chol~nergic Fraction ( i . e .  receptor peak) is eluted 
a f te r  the IO-'M acety lchol ine pulse (see the descr ipt ion in 
the tex t ) .  

spec i f ic  chol inergic binding protein had been completely removed by the 

a f f i n i t y  column. On the other hand, a f t e r  e l iminat ion of the excess of acety /  

chol ine from the receptor peak by Sephadex LH20 chromatography, the binding 

of [14C] acety lchol ine to th is f ract ion was demonstrated by a new rechromaLo- 

graphy on Sephadex LH20; Fig. 3 shows the single sharp peak of protein that 

appears in coincidence with the radioact ive I igand in the chloroform. In 

th is  experiment as well as in the contro l ,  without protein,  the f ree [14CJ 

acety lchol ine is eluted in the more polar solvents. Similar resul ts were 

obtained using as n ico t in i c  l igand 8/ug of /3Hl0~-bungarotoxin (2Ci/mmole) 

kindly provided by Prof. E.A. Barnard. The binding of [3Hlc~-bungarotoxin 

was also demonstrated by the pa r t i t i on  method of Weber et a1.(5).  I t  should 
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Fig. 3 Rechromatography on Sephadex LH20 of the receptor peak from 
rat diapbraqln (see Fig. 1B), af ter incubation for 30 min 
with lO-°R ~14C] acetylcholine. The specif ic rad ioact iv i ty  
reached in this experiment was 5 nmoles/mg protein. 

be emphasized that [][3HJ~-bungarotoxln has i ts  par t i t ion  coeficient 100~ 

favorable to water. 

In the case of the TLE of smooth intest inal muscle two peaks Of protein 

were obtained by eiut ion with chloroform using conventional chromatography 

(Fig.2A), instead of the three peaks previously found in the l~ophil ised 

tissue (3). Here the second peak (shaded area) is the specif ic one that binds 

[14C] acetylcholine and [3H] atropine (Amersham, 434 Ci/mole). This protein 

fract ion contains 95 Pg protein/g fresh tissue. After a f f i n i t y  chromatography 

the non-specific protein is e|uted in two peaks (Fig.2A) and the specif ic 

f ract ion,  eluted by the acetylcholine pulse, represents only 23~ of the 

protein applied to the column. In this receptor peak 22 #g protein/g fresh 

tissue were estimated, which corresponds to a 4.3 fold pur i f icat ion over the 

preceding step and a total enrichment of the specif ic protein of about 4,500 

fold ( i .e .  considering the total protein content to be about tOO mg/g protein) 

Upon rechromatography on Sephadex LH20 the non-specific fract ion showed no 

binding for cholinergic drugs, while in the receptor peak the binding of 

~4C]acetylcholine and of I3~atropine was demonstrated (Fig.4). Ochoa and 
L # , ) 
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Fig. 4 Rechromatography on Sephadex LH20 of the muscarinic binding 
protein from in test ina l  smooth muscle ~see Fig 2B), a f te r  
30 min. incubation with 1.07 x IO-QM [ 3 H l a t r o p i n e .  The 
spec i f ic  rad ioac t i v i t y  reached at th is low drug concentra- 
t ion was 0.25 nmoles/mg protein.  

De Robertis (3) has previously shown that the muscarinic protein from smooth 

muscle does not bind [14C] i - tubocurar ine .  

Present resul ts demonstrate that the chol lnerglc a f f i n i t y  column,synthesi- 

zed by Barrantes (10) is capable of separating both n i co t i n i c  and muscarinic 

proteins in organic solvents and is able to improve on the pur i f i ca t ion  

obtained by conventional chromatography in Sephadex LH20. Furthermore since 

acetylchol inesterase is not soluble in organic solvents (13), th is  technique 

only separates the chol lnergic receptor protein f rac t ion .  

The use of a chol inergic a f f i n i t y  column, which works on the sa=ne general 

pr inc ip les as those of a f f i n i t y  chromatography in aqueous solvents (11), 

confirms the value of the conventional technique based on Sephadex LH20 for  

the separation of receptor proteins and the study of the binding with speci- 

f i c  ligands (4). Barrantes and Weber (11) have shown that the a f f i n i t y  

column is able to remove en t i r e l y  the chol lnergic protein from the TLE of 

El ectropho[us e lect rop lax.  In a work in progress, Saraceno and De Robert|s 

(14) have observed that the chol inerglc protein f rac t ion from the TLE of the 

cerebral cortex is also completely removed by the a f f i n i t y  column and i t  is 
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only released by the acety lchol ine pulse. These observations demonstrate 

that the chol inergic protein f ract ions were present in the TLE of Electropho- 

rus and cerebral cortex. Even more conclusive is the f inding shown here that 

the speci f ic  f ract ions isolated by Sephadex LH20 chromatography from skeletal 

and smooth in test ina l  muscle could be fur ther  pur i f ied  by the a f f i n i t y  column. 

The act ive f ract ions obtained by Sephadex LH20 chromatography (Flgs. lA and 

2A) were fur ther  separated into non-speCific and receptor f ract ions;  the 

l a t t e r  being eluted a f te r  the acetylchol ine pulse (Figs. 1B and 2B). 

The use of the Sephadex LH20 technique under the same technical condit ions, 

permitted to show that the non-specif lc f ract ions did not bind the chol iner-  

gic l igands, whi le the receptor f ract ions were able to bind the corresponding 

speci f ic  l igand, i .e .  e i ther  n ico t in ic  or muscarinic drugs. Furthermore, in 

these f ract ions the binding was carried out at drug concentrations small 

enough (10-8M to 10"6M) to minimize any kind of non-specif ic binding. 

The methodologic approach used, in which two d i f f e ren t  methods of chromat~ 

graphy, produce addi t ive results regarding the pur i f i ca t ion  of the act ive 

protein,  permit to discard completely the cr i t ic isms raised by Levinson and 

Keynes (7). We suppose that the drast ic  changes introduced by the authors 

in the Sephadex LH20 technique of De Robertis et al (4) were probably the 

cause of the i r  a r t i f ac t s .  A complete analysis of the Sephadex LH20 technique, 

that confirms our f indings,  has been carried out by J.F. Donnellan, K.J. 

Cattel and coworkers, at the Shell laboratory in the United Kingdom, in 

their study of the hydrophobic cholinergic receptor protein of the f ly  head 

(Personal communication). Thus the value of this method for the separation 

of cholinergic receptor proteins and for the study of the binding with 

specific ligands is fu l ly  confirmed. 
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