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Serotonin receptors 
II. Calcium transport by crude and purified receptor 

Recent evidence indicates that the probable mechanism of action of serotonin is to 
bring about the passage of calcium ions through the cell membrane 1. This passage of 
Ca++ and its reaction with actomyosin + adenosine triphosphate would explain 
why the hormone causes smooth muscles to contract. The chemical reactions involved 
are the combination of serotonin with a specific lipid in the cell membrane (the 
serotonin receptor), followed by the binding of Ca ++ by the receptor-serotonin com- 
pound. The resulting calcium-containing complex is soluble in fat, and is thus able 
to diffuse through the lipoidal cell membrane. It  is in this way that the lipid-insoluble 
Ca ++ ion is made to penetrate the lipoidal membrane of the cell. Inside the membrane 
there seems to be an enzyme which attacks this complex, degrading it, and thereby 
liberating sertonin + Ca ++ + degraded receptor 2. 

The serotonin receptor has been extracted from smooth muscles and nerves 2, and 
has been recognized to be a lipid which combines specifically with serotonin, thereby 
causing it to become soluble in fat solvents. However, the actual transport of calcium 
in a cell-free system has not yet been demonstrated. The difficulty was that the rela- 
tively crude concentrates of the receptor lipid contained considerable calcium com- 
bined with the phosphatides so that the actual transport of calcium in response to 
additions of serotonin could not be clearly established 2. By the use of radioactive Ca ++ 
it has now been possible to show that the lipoidal receptor when combined with 
serotonin does actually pick up Ca ++ and make it fat-soluble. When the complex is 
subsequently decomposed by addition of acid, Ca ++ is liberated and becomes again 
water-soluble. Thus, in vitro in the absence of cells or cell particles the transport 
through a lipid phase of Ca ++ as well as serotonin can be demonstrated. This can be 
done either with rather crude preparations of the receptor lipid, or with material 
purified by chromatographic fractionation of the crude extract. 

To make these demonstrations, crude receptor was extracted from fresh hog 
duodenum with chloroform-methanol as described earlier ~. The extract was con- 
centrated rapidly at low temperature 2, and the resulting residue was suspended in 
dry chloroform. Anhydrous Na~SO~ was added, and the soluble portion was separated, 
and freed of chloroform under reduced pressure. The lipid mixture so obtained was 
called crude receptor. This material was purified by a series of adsorptions on columns 
of silicic acid according to a method about to be published. Purified receptor was thus 
obtained. I t  was not, however, a completely pure substance. 

The cell-free, in vitro system previously used for demonstration of the transport 
of serotonin through a lipid solvent was used 2. It  consisted of a centrifuge tube 
containing 2. 5 ml benzene, 2.5 ml n-butanol, and 4 ml water. The organic layer 
contained the receptor preparation, and the aqueous phase contained the salts 
(36 mg NaC1, 1.68 mg KC1, 7.o mg NaHCO3, 2.omg CaC12, and IOO,OOO counts 
(o.o 4 rag) 45CAC12). One such tube was used as control and a second which contained, 
in addition, I mg serotonin acted as the experimental system. The amount of receptor 
used in each experiment varied from 4 to 75 units. Additional controls were of course 
run, from which receptor or serotonin, or both were omitted. After each mixture had 
been shaken and thoroughly cleared by centrifugation, an aliquot of the organic 
layer was removed and shaken with 5 ml o.2 N HC1. The aqueous acid extract was 
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washed with  benzene to remove the last  t races of lipid, evapora ted ,  and the radio-  
ac t i v i t y  counted.  Resul ts  of a typical  exper iment  are shown in Table  2. 

I t  can be seen tha t  the presence of serotonin i~ this system resu!ted in the  t rans-  
por t  th rough  the organic l ayer  of considerable  calcium in exee~-s of ii~at which was 
carr ied in the absence of tl~e F.ormone. Note  tha t  Jn the absence r f f  ~'cccptor tl~e 
serotonin caused no t r anspor t  of calcium. The calciun:~ carried over  hs tl~e p~. esence e.f 
receptor,  bu t  in the absence of serotonin,  p robab]y  was the re?uIt of ~son:~peciflc 
impur i t ies  in the receptor  prepara t ions .  Thus, an i m p u r i t y  such as p]~osplmtidic acid 
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would be expec ted  to pick up Ca ~ + from the aqueous phase,  The calcium phospha t ida to  
would p r o b a b l y  be soluble in the organic layer,  and, when this was shaku~? wit]- 
aqueous acid, would be conver ted  to phosphat id ic  acid, and CaC]:~. The }ai:ter wou]d 
ex t rac t  into the final aqueous layer  and be counted.  Such nonspecific tra1~sport o[ 
calcium made  i t  essential  to show tha t  the addi t ion  of serotoni~ aetua}iv brought  
about  a decided increase in the calcium t r anspor t ed  in this in vih'¢ system.. l ln tFe 
l iving cell, on the  other  hand,  this  p roblem p robab ly  does not  arise because inste~d of 
acid, the  cell uses the  in ternal  enzyme to decompose the ealcium-s, .~rotonin-receptor 
complex.  This enzyme p re sumab ly  has specifici ty for i ts subst ra te ,  al~d ~,~ ould not  be 
expected to a t t a c k  such subs t ra tes  as calcium phospha t ida te .  

The nonspecific bh~ding of calcium by  impur i t ies  ]n the  receptor  prepr~ratJons 
made  it essential  to use the large amount  of non- rad ioac t ive  calcium specified J~ the 
directions.  When  the to ta l  calcium was reduced to less than  ~ mg the dii~erences in 
counts  t r anspor t ed  wilh a;td wi thout  serotonin were diminished.  I t  v:r,:~ necessary to 
have enough to ta l  calci~n~ present  to sa tu ra te  all of the nonspecific binding sit<.~ 
before a sa t i s fac tory  demons t ra t ion  of the  action of serotonin could l)~ n-)ade. 

This work was suppor ted  in pa r t  b 3 a g ran t  from the U.S. Publ ic  Hea l th  Service. 
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