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t Using extended H(ickel molecular orbital theory, the preferred conformation of1
I serotonin (5-hydroxytryptan]ine) I has been calculated. The internitrogen distance

was calculated to be 5.84 A. and the quaternary nitrogen to oxygen distance was g-c
j calcula:cd to be 6.96 A. The complementary features of tile serotonin receptor

are predicted and the relationship of serotonin in its preferred conformation to the
serotonin antagonist, LSD, is noted as an explanation of LSD's antagonism.

e'->,vEa TUE past decade, an enormous amount aeetylcholine while the direct-indirect action is
' k,.j of information has accumulated on sero- typified by ephedrine. In connection with the

tonin (5-hydroxytryptamine) (1). A recen.t book acetylcholine dual-receptor concept, Martin-
on this subject by Garattini and Valzeili brings Smith, Small, and Stenlake have recently pro-
together much of this material (1). Of consider- posed that acetvtcholine acts at both receptors

!. able interest to many scientists is the nature of (muscarinic and nicotinic) by being able to pr(
tim biological receptor interacting with the assume two different conformations (13). as_
nmlecuie. Gaddum and his group co:_clnded, Recently, this problem of the musearinic and sec

after a series of investigations, that the effect of nicotinic actions has been con.sidered by the co,
serotonin on smooth muscle is specific and is not author in studies on the preferred conformations ]

the
related to the effect of acetylcholine or histamine of acetylcholine, muscarine, muscarone, and

, (2-5). Tim term "tryptamine receptors" was nicotine (14, 15). I33, performing quantum pro
proposed to classify the receptors of the smooth mechanical calculations using extended IIfickel mo
muscle sensitive to serotonin. In reporting a theory, the total energy of each molecule was sen
study of anta;:onists, Barlow suggests that mininfized as a function of geometry and calcu- acl.
tryptanfine and serotonin receptors may not be Iated preferred conformations were obtained. In pre
identical (6). This concept of the specific effect the case of acetylcholine, the author reported that in
of serotonin is supported by results from nu- the molccnle exhibited some degree of con- tha

i merous studies of known chemical ntediators on formational flexibility and could exhibit a pre- pre.
serotonin-indueed snlooth-musclc stimulation (l). ferred conformation over a range of one bond- of t

A further elaboration of the serotonin-receptor angle variation. At one point in this variable of!
concept was proposed by Gaddum, who offered energy ntlninmm, the acetylcholine conformation I

' evidence for two types of serotonin receptors, 512 corresponded to the preferred conformations of is
and D (4). The 5{ receptors were those blocked nmscarine and muscarone. The heteroatoms in cah
by morphine and the I3 receptors those blocked each molecnle bore a similar relationship to each ser_

by dibenzyline, ile found that the D receptors, other and were sintilarly related to the other stm
located in the plain nmscle llbers, were also nmscarinics. From this it was possible to deduce
blocked by LSD, gramine, or dihydroergotamine, the nature of the muscarinic receptor and to.e

while the 5{ receptors, not accurately localized, deduce the muscarinic conformation of acetyl- 2
.I were not easily- blocked 1oy these drugs (7-8). choline (14). . serf

i Other attthors have explained the dual-recep- It was also found that acetvlclmline in a pre- exp," tion
' tot-type effects by suggesting that serotonln ferred conformation different from its muscarinie
i stinmlates organs containing smooth muscle by conformation placed key atoms in a relationship

, a direct action on the smooth muscle fiber, and nearly identical to that of comparable key atoms upo
.1 by anindirectactionon the nervous tissue (9-i2). found for nicotine in its calculated preferred eqm
; The question of whether serotonin interacts cotfformation (15).

' with two different types of receptors or functions These studies supported the idea of dual con-

"i both as a direct and indirect acting agent has not formers functioning at two diKerent receptors.
• ! been resolved. The two-receptor concept is Further support for this theory was found in the whe

renfiniscent of that proposed for the action of most recent study on histamine (16). In this t[ t
case, it was found from these calculations that ovex

_ cale
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,NH5 . exponent and the Coulomb integral, approximated
/ by the ionization potential. All overlap integrals

._CH a are considered. The resonance integrals are ap-

HO_A__C_2 proximated by the equation

Hii = 0,5 K (._[il -1- H/i)S¢i

14 with _ set at 1.75. The total electronic energy is
I computed to be the sum of doubly occupied molecu-

CzF,5 far orbitals,

Me2N__
e = 2 _Ei

ETzN -- C_N/CH_ 14 Tile total molecular energies can be written as

[,_ JII E =2 _E, + _En,/ -- __Eee"
i| );*i I I_,C !

where Enn' and _ce _ are nuclear-nuclear and elec-

n is _,i tron-eiectron repulsion energies. Tile success of
the the calculations in predicting preferred eonfornm-

.tin- )4 lions from minimum energies lies in the fact that

pro- ,-r tile method of selecting ttle t[_i values must simulate,

,tors witlfin the calculated electronic energies, the con-

: to preferred conformation to a postuIated receptor tribution of nuclear repulsions to tile total energy
associated with one histamine action. The (17, 18). Thus, tile nucIear-nuclear and electron-

electron repulsion energies cancel approximately,
and second preferred conformation was inferred to be and the simple sum of one-electron energies behaves
tile complementary to a second histamine receptor, similarly to tile true molecular energy (19). A

fions From these studies it is possible to propose a characteristic of tile extended ttflckel theory is

and thcorv concerningdual-receptorinvolvcnmntthat tI_e frequently correct prediction of equilibrium

,turn provides a rationale for considering the serotonin conformation with an exaggeration of barrier heightsdue to overestimation of nonbonded interactions.

iiekcl molecule by quantum mechanical methods. I-s- For the calculations in this study, it was necessary
was -, sentially, it was postulated that an obsert, ed dual to input precise three-dimensional coordinates for

alcu, action of a molecule may be explained by the each atom. This otherwise very dilYmult task was

[. In presence of hvo preferred conformers of the molecule expedited by a computer program that was obtained

i that in effuilibrium. As a corollary, it can be stated from the Indiana University Quantum Chemistry
Program Exchange. The program performs a series

Coil- that if a molecule can exist in two nearly equally of vector smnmatious with previously determined

pre- preferred cow,formations, an observed dual action planes of atoms as references. The program can be
bond- of t/tat .nwlccule can be explained by lhe inleraclion keyed to output the atom coordinates on punched

riable of these d_l]erent conformers with d£ferent receptors, cards in the fields required for the extended H/ickel

:atlon If these postulates arc assumed to be valid, it program. The bond angles and lengths used in thecoordinates program were derived from standard
,us of is readily apparent that quantum-mechanical values proposed by Pople and Gordon (20). Bond

.ms in calculations o1: the preferred conformation of the lengths were assmned not to vary in the different

, each serotonin molecule may well lead to some under- eonformatioual models. 2"0 simulate the molecule

other standing of its activity, in an in vivo environment, the author considered the
amino-alkyl group as being protonated.

k'duce
md to i CALCULATIONS RESULTS

:xcetyl- - i The calculations used in this work have been de-
l Calculations made every 45 ° for rotation of the
i scribed in detail elsewhere (14, 17). Briefly, tile
; expansion of a molecukw orbital as a linear combina- bond joining tile side chain to the ring through

a pre- tion of atomic orbitals yields 1SO° revealed an energy minimum at 0_i,g--c = 90 °
,:arinie (Fig. 1). At this angle, the C--C bond of the side

;',llshlp _I'¢ = E CiidPi chain projects directly away from tile platte of the
atoms ring system. Throughoutthis rotational pattern,

upon minimizing the total energy, a set of Hfickel the side chain is held in an all-traus conformation.
•cferrcd equations, The energy drop is not severe as the bond is rotated

' n away from the all-planar conformation depicted bl

aI con- i __.[H_i -- ESiilCii = 0 1. An energy difference of 0.1 ev. exists between
cptors. { i=j a = L2 .... n &ia_-c = 45 ° and O,i,,g-c = 90 ° (see Fig. 1). As the

" in tile i side chain rotates past the 90 ° minimum toward the

In this ! wh,.re ,1, is tile molecular orbital wave function, benzene side of the ring system, the energy rises
_¢1tim iiamiltouian operator, E tile energy, S the steeply, with a 1.5-ev. difference between 0_i_-e =

::s that _ overlap integral, and C tile orbital coei_,lcient. Tile 90 ° and 0_i,,g-c = 180 °, As has been pointed oat,1
,d con- I calculations are perforumd for tile valence electrons tile energy barriers are exaggerated in these calcula-

,re one i in s and p orbitals, using Slater orbitais as a basis lions; nevertlmless, tlle values calculated must still ,
i set. The input parameters consist of tile Slater be regarded as being considerable, based upon corn-

!.
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eh.etr,_ms Note that _he nitro..4eu atom of the _-,r..t

'_ , qtmternarygroup s K.gitvcyc argcd. Theauthor f.rl;;.' _ / r 1.,_p,e.'i,_.stycon..e...do. tt_i__.,ii.__l_)."n,e
si}_ili'

net charge of the quaternary group (htcluding the ,!,ffcr

1 DISCUSSION lt'rn._

it : v,

From these calculations it was found that sero-

t tenth exists in the single-e lergy preferred conforma- f,,r .,:

] -_ tionsim,,'ninFig. 4. Fron, theener,gyversusangle ",,,,u :,] E.... IZ54.5_- H H profiles, it is evident that the molecule lias a fair de- I,c o,

i I HO_ , / / i grcc ,.,f rigidity in this conformation. Thus, a pat- r,-c,.;,

J i Cl_s°" y I tern of hcteroatoms nlay be presented to a receptor, ;,'v,,:;tln,'
'i ! / .'is sh,,,,'n in Fig. 5. The choice of these three

• i / MIICI"] atl)llIS as bciu_ the essential ones for aetivky is ,

/. i sl)ccul;_ti''e but rcas°nable" Tile inch'si°n °f the I 'l'' r'cI'r c''l

t
j oxygen hi this category is based on the knowledge

lt'rll,ll

-1255.0 that, althoug l trypUunine will prodttce SOlrle :q'l 'r''
J _._ " / i ser,,tonin effects in the gut, its activity is fceble (2). ;llld I

] In addition, as previously noted, antagonist actions
i I Tla-:i i

45 90 135 180 sttgg'est that serotollin alld tryptatUille receptors are dlrc,'t
different (6). ,,( m,

0 ring-e Because serotonin has only one preferred con- ,pt,.;:i
Fig. l--..tngle of rotation of ring to side oh(tin bond vs. formation, as indicated by these Gdculations, its ,,f _hc

energy. 5 in ;m
+lOiS .\ (

parlsons of calculated with experinlenta.l values (17). "_z, _ ith
.\ furttiersearchfor the energymininmmwascon-

ductcd by varvin:4 the C--C bond of the side chil.itl _ tnoh'c'

i thr,nKll 360 °. q'ifis was done for tile 0d_-c = 90° o\ prcf,.i= /2 :1l( )lIl_"Stl j,.'_l'_

iilld tile 0ring--C 4_ ° eonforlnations. It was fe]t ,e ;'_ c x_ilh

l)rudent to consider the latter confornlation since ' _0, ' /-'_' \]--_ o_the enerKydifferencebetweenthe two wasnot so ] h i
i _rcat as to exe',udc the 45 ° confornlation ;is being -'_ - l _, ,0_

i l)art of a preferred conformation. "File C--C rota- /,o,..__6 _. ¢;dcuhpHlt'III
lion versus energy is depicted in Fig. o The mini- "

i mum elergy for this rotational model occurred for tl..%1)
I Oc-c = 18_)°, or on all-trans side chain. This
i N Virlu,t

t lllillinlUlll was found for both the 0m,_-c = 90 ° alid HI _ "_-_57 . _ _.IiC/I ,
the 0_i,,_-c = 45 ° c(mfornl;ttions, although the former I .._0a

i _[>bllllt_
conformation ha(l a substantially h)wcr energy. ,.,,0 cn,,u_:_

i ' At the energy mininmm, 0,i,,g-c = 90 °, 0c-c = Fig..'t--C¢tlculnted charge densities (¢ + rr) for sere- ahh,,u
i 1S0 °, the i_ tern troge _ distance was calculated to lenin. Mrtlcll

;i _ be 5.84 /_. The (tetetcte)N-to-O distance was cal-
_ culated to be 6.96 A, while the (lr_Irh'rr)X-to-O dis- NH_ ficaci.IIl( _ IL']?

:' tanec was 5.61 .k. The clmrge densities are dis- amin,,
CHz o.2 ..t.

"1 Oring-c .457 V ,,',)llldCOa Fig..J--Calculah'd pre- tlw_'

serolottin, the ipi

H0 ba>cd
l ' fcrrcd

• -*_s_.!/ -J rcct.pt,
c . • .[ Fig. 2--Angle of

.! ..A_ _ 9o, rotation of side HH _ chain carbon t0 A _t

"i _,v carbon bond vs. .(N) + .energy.

1 ...... \-..._ / Fig. 5--Str,,chmfl yea-

[_ lures proposed as being
-8 0 584A complementary to tlre

_"_'71 4 I serotonin receptor.
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aetivily cannot be explained by the dual-cmlfornla- 2-methyl-B-ethvl-5-dhnethvlaminoiluhde (mednlah)) ':_i:', .
- 7r) tion conccl_t ibm'ever, the ca]cul;m,d illabi]ity .f (IlI) (21). The intcr.itrogen distance in this i

f the serotonin to exist i_ more than one preferred con- molecule, estimated frolu a scale illodel, is about _'
utaor formation does trot co_npletely exclude the pos- ;5.75 ._.. This closely approximates the 5.61 A. {.

"]'he sibi!ity that the molecule could interact with two distance calculated to separate tile oxygen from
tile different receptors. There is the remote possibility tile pyrrole nitrogen of serotonin. _'

that this could occur if the molecule t)rcscnted al- Froln these calculations on the serotonin molecule, i
ternate faces to each of two approxinl.att,]y mirror- it can be concluded that there is a single preferred _
image receptor patterns. Thus, each receptor conformation and that the relative preference is _"
would have lts own set of stereospecific ruquircmeuts fairly high. Ill this preferred confornlation, the t.

yore- for all _ gonist alld ('ae]l [lice of file serotonin m(,lecule nmleeule preselltS three ]leteroatoiNs to a receptor
,r;lla- would satisfy tiles(' requirclnents. It reillaills to ill a predictable lllaaaer, heuee a complenlentary
.,acle be c(melusively (icmonstntted whether there are two pattern of forces on ti_c receptor can be deduced.
;i" (] _..-

receptors for ser.tonm. An explanation for lhe Tl_e antago _is n of LSD and other inhibitor mole-
, pat- _ accomnl()dation of serotonin to each is possible from cules can now be explained in terms of this postu-
i,wr, _. tills work. This possibiIity is consi(tercd remote Iated receptor, since eoulparable interatomic dis-
three since the quaternary N projects well above the tances are found in these antagonist molecules.

:Iy is - :
plane of the rings, hence only one side of the nlolecule This finding also tends to verify speculation on the

,i the
presents a pIanar aspect to a receptor. The aI- serotonin receptor (Fig. 5).

lcd_e tcrnate side of the molecule does not permit a close

,ome a])proach of tile quaternary N if tile other nitrogen
_._2), aim the oxygen atoms are anchored to a receptor. REFERENCES
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amino and the pyrrole nitrogen atoms to be 6.0 5=
0.2 ]_. At physiological pit, the N-methyl group

would bc protonated. Therefore, it is evideut that

d pre- - _hese two nitrogen atoms could interact with per- _ Keyphrases
on of tions of the serotonin receptor complcmel_tary to

the quaternary and pyrrole nitrogens of s, rotonin, Serotonin preferred conformation

based upon their positious in the calculazed pre- Single-energy preferred confornlation--sero-
ferred conformation. Derivatives of ]ysergic acid tonin
would also preseut these same atoms to tile serotoniu
receptor, which accounts for the promiuenee of Dual-receptor theory
antagonism in this class of compom_ds. Receptors proposed--serotonin

A second antagonist molecule from which one cau LSD antagonism serotonin
readily derive vahtes of interatomic distances is

d/ca-
being

'o lhe
,lot.
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