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ABSTRACT

With the adveﬂt of radioligand binding assays, central nervous
- system dopamine receptors have been well characterized in their membrane .
bou§d4 state. These receptors have been grouped into D-1 and D-2
subclasses on the basis of their relationship to the enzyme adenylate
cyclase and affinities for dopamine agonists and antagonists. The
gopamine D-2 receptor is considered relevant to the hehaviéral and
'pharmacologicalveffects of neuroleptic drugs.
The studies Presented in thig dissertation describe a Successfuyl
method of solubilization of bovine striatal membrane boupd dopamine p-2
receptor. The solubilized receptor exhibited typical Pharmacological
'characteristics~tg__tha§ of membrane bound dopamine D-2 receptor. The
rank order potency f agonists and antagonists to displace
(*H]lspiroperidol binding was the sape as those observed with the membrane
bound receptor. Analysis of the [3H]spiroperid01/agonist comﬁztition
curves and the [IH]NPA. binding revealeq the retengion of high and low
affinity states of dopamine D-2 receptor in the solubilized Preparation.
This study demonstrated for the first time, A successful affinity

chromatography metpod for the purification of dopamine p-2 receptor. Ope
cycle affinity purification resulted in g 2000-fo1d enrichment of
dopamine p-2 receptor. activity with 4 recovery of 123 _from the
membrane~bound state and 3 Specific activity of 169,600 fmol/mg proteip
(assayed witp [3H]spiroperidol). The order of potency of D-2 agonists
{N-propylnorapomorphine > N0434 >apomorphine >dopamine)} and antagonists

(spiroperidol > (+)-butaclamol >domperidone) With a purified preparation
111
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was found to be "similar to that of fhe membrane bound or solubilized
dopanine D-2 réceptor. The adsorption of receptor to the affinity matrix
was biospecific as pre-incubation of the solubilized preparation with D-2
_receptor agonists ‘or antagonists hlocked,retenéion of receptor activity.
Elution of receptor was also biospecific as dopaminergic drugs were
effective in eluting the bound receptor.

Affinity purified preprations sh&uld be useful in producing
monoc}onal antibody to dopamine D-2 receptor and also prove tog be
important in understanding the molecular events from receptor drug

binding to final response.
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1.1 General Orientation of Thesis
feneral Orientation of Thesis

Thq pas; two decades have percieved the role of dopamlne ip the
brain, from ‘being a precursor for other catecholamines, ﬁrincipdlly
noreplnephrine, to a neurotransmitter in its own right. nltérafion in
the dopam1nerq1c neurotransm:sslon has been dlrectly llnked to various
neurological and psychiatrie d1sorders. The use of dopam1nerg1c agonlsts
in the treatment of Parklnson s disease and dopamlnerglc antaqonlsts for
the treatment of schmzophrenza, Huntington's disease and Gilles 4de 13
Tourette's syndrome have now been establlshe&. In recent years, the
focus of research has been directed towards the dopamine receptors, by
which dopaminergic drugs act directly or indirectly (e.g. L-DOPA --3
dopamine). Alterations in thesge receptors have also been correlated with
various behavioural apd psychiatric disorders.

o In the last decade, with the development of radioligand binding
assay, progress has been made in the understanding and classification of
dopamine receptors. These studies have divided dopamine receptors into
distinct subtypes,, as was done for the adrenergic and cholinergic
receptors. Such studies have now‘characterized'two dopamine receptor
subtypes known as D-1 and D-2 in the central nervous system (CNS). This
classification_is, as yet, preliminary and sometimes controversial in the
literature, however, it has provided a basis for implicating dopamine D-2
receptor with various heurclogical and psychiatric disorders.

The present investigation was carried out in order to 1)

establish a method for the solubilization of dopamine-D-2 receptor from

CNS membranes, particularly from striatum; ii) design a method of



atfinxty chrolotaqraphy tor the purir1cat1on of dopam1ne-D-2 reoeptor;
iid) pharnacologicelly characterize the receptor in the solubilized ag

well as in the purified form, vis-a-vis the membrane bound form.

2.1 'Historicaliperlpective'of Neurotranolitter Receptor

Historically, a receptor was cons1dered as a physzologzcal entity
‘aocount1nq for the ability of ‘a tissue to respond to minute quantities of
drugs or endogenouo compounds. - Three strlking characteristics have led
- to the hypothesis that oells poesess specific receptors for drugs or
endogenous conpounds. a}‘ Hiqh potency: many drugenact at 10-% M or
Iower concentration, b) Chemical 7selectivity: -exemplified by marked
differences: in potencies obsereed hetween optical isomers, c) B1olog1ca1
specificiiy: ‘eg. cholinergic' receptors respond to acetylcholine,
adrenoceptors ‘respond to epinephrine or norepinephrine.

Paul Ehrlich (1913) introduced the tern receptor viewing it as a
comblnlng group of protoplasmic molecule to which the introduced group
is anchored”. Eowever. it was Langley (1905) who introduced the term
receptive substance in the context that now appears to be the most
appropriate. He proposed this term to account for the action of n1cot1ne
in causing contraction of voluntary muscle when applied to a particular
region of the muscle, and antagonism of this effect by curare. Later,
Dale (1914) dlstlngulshed tvo distinct types of receptor responses: one
sensitive to muscarine, and the other sensitive to nicotine. Both of
these receptors utilized acetylcholine, henceforth, cholinergic receptors

were divided into two classes: the nicotinic teceptor and muscarinic

receptor. In a similar fashion, Ahlquist (1948) distinguished the



-adranerglc receptors based on the order of potency for catecholamzne on
di!ferent tissues. ¥hen arranged according to their potencies, the’ group
of catecholanines divided the adrenergic receptors into two series; the
a -adrenergic receptor, and the pB-adrenergic receptor. A;though the
receptor conoeptswas mainly of theoretical significance in the past it
has evolved into a concrete reality and receptor can now be studzed as a
tangible molecular ent1ty.

Receptors for neurotransmitters are membrane bound _proteins
composed of at least two sifes; a recognition site that determines the
ligand specificity with exquisite sensitivity and ohemioal seleotivity
and an associated processing site that converts the process of
recognition into a oignal thet results in a final response. .This dual
functionality of  a neurotransmitter and. other hormone receptors,
dlstlngulshes itself from other highly functional cell surface*molecules
which serve important cellular functions by specific recognition such as
transport of nutrients or the selective "pinocytotic uptake‘ of carrier
bound cell regulators (e.q.; transferrin, or low deneity liooprotein).
Recognition molecules that nediate the uptake of ligands have been termed
receptors of the "Class II" or acceptors (Kaplan, 1981; 0'Connor and
Hollenberg, 1983)..

To describe the dual recognition-activation function of a
receptor, a number of nodels have been developed that relate receptor
occupatlon to the generatlon of a cellular signal, In early studies,
Clarke (1926, 1937) and Gaddum (1926) Pproposed an occupancy model;
according to this model the magnitude of the pharmacological effect of a

drug was directly proportional to the number of receptors occupied by the



drug, and the maximum response was ohta1ned only when all the receptors
vere occupied

This simple occupation theory . was modified b} Anensl (1954) to
incorporate the concept of intrinsic activ1ty (ability of drugs to elicit
‘a bioclogical response after _ binding to the receptor) whlch enabled the
quantitation of the response after binding of a drug to the receptor
Stephenson (1956), Furchgott (1955) and Nickerson (1956) further extended
this theory and 1ntroduced the concept of the "spare receptor". They

demonstrated that in certain tissues an €xcess number of .receptors was
present, and that the maxinum response in these tissues could be obtained
with a strong agonist at a concentration well below the concentratlon
required for the saturatlon of the total receptor population,

Paton (1961) sSuggested a naw theoryy the rate theory, to account
for the desensitization phenomenocn. According td this theory, the effect
a drug produces depehds on the kinetics of receptor occupation by the
drug rather than the number of. receptors occupied, and the response in
certain tissues may be obéerved as an "on-of " phenomenon when the tissue
is continually exposedq to the stimulant. In  other words, this
desenSItlzatlon Phenomenon éxpresses a decrease in response on continuous
exposure to a agonist or as 4 diminished response of a tissue to 3

repetitive exposure of the sanme concentration of the agonist.

regard to the immediate function of the ligand-receptor complex, both
theories consider the complex as a distinct micro-chemical entity with
Properties different from those of the uncomplexed component. These and

other theories (reviewed by Hollenberg, 1985) for the activation of
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recabtor-hY-a drug, gave a new insight into the subJect

3eceot1y, the charactorist1cs :.of " a receptor have been
eapartlontally established by ‘aelective binding 'atudies' with
radiolabelled Iiganoa. These studies have resulted in localization,
ident1ficat10n and characterization of receptors and their functional

properties. o : - '

1.3 Characterization of Receptors by Radiologand Binding Assay

Over the past two decades, with the introduction of radioactively
labelled 1ligands of high specific activity, the diréct measurement of
hormone or neurotransm1tter receptor binding hecame posszble. This
dlrect binding technique has enabled 1nvest1gators to label biologically
active compounds and quantltatlvely assay the receptor sites ¥hich are
thought to nmediate the agonist  or antagonist effects of putative
neurotransmitters'and many psychoactive drugs in the brain. Such studies
have led to the 1dent1f1catlon and establishment of receptor sites for
various hormones, neurotransmltters, peptides and drugs  in their
reSpective target tiosuos. A few examples are: insulin receptor, growth
hormone receptor, a -adrenergic. receptors, B -adrenergic teceptors,
dopamine receptors, opiate receptors and benzodiazepine receptors (review

articles, Braastrap and Neilsan, 1980; Ross and Gilman, 1980; Mishra and

.Cleghorn, 1980; Seeman, 1980; Terenius, 1980; Brown and Aurbach, 1982;

Lefkowitz, 1982).
- The fundamental principles and pethodology of heurotransmitter
receptor binding have been reviewed in many excellent monographs (Titler,

1983; Bennett andg Yamamura, 1985). Binding experiments consist of

e U ——



| exposing a Quiéihle tissue (receptor) preparation~f§_radiolaheiled ligand
(aqoniit or ‘antagonist) under appropriate buffer, optimal time and
temperature conditions, followed by . separation of the free ligand from
the bound ligand ang deterﬁination ‘of the bound radioactivity.‘ The
assunpéioﬁ made in most teceptor binding studies is that quand-recgptor
- binding is a reversible: bimolecular reaction which at eduilihrium obeys

the law of pass action and can be desqribed as follows:

(L] + [R] F%*’ [LR] ' (1)
{ JEN :

vhere (L] is the concentration of the free ligand, [Rr] the concentration
of the free'receptor, [LR] the concentration of ligand receptor complex,
k; and k: are the association apd dissociation rate constants
respectively, In order to Se considered as 3 ligand interacting with ;
receptof, the binding of a radioligand nust satisfy the following
criteria:_ i) Binding must be specific, saturable, reversible and

displaceable by drugs Xnown to act at the receptor; ij) Binding should
show high affinity i.e. 'compatible vith concentrations of the ligand
observed in the physiological situation; iii) Temporal‘parameters of the
hind%sq muét match the onset-offset of the biological response; iv)
Binding should be found only in tissues vhere the biological receptor
exists; | v} Binding should display the proper pharmacological profile
such that drugs with greater biological potency at the receptor should
have higher. affinity. Also, if the biological response to the drug is
stereospecific; the binding site wmust show this Property,. Once the

specific parameters of a binding can pe determined (with confidence) with



'appropriate- radioligand, tiaaue, and  cold  drug concentration,
lathelatical models can be applied to the data ‘to yield biochemlcal
information about the receptor. It is hefbnd the scope of this
dissertation to describe and derive various equations for the estmatzon
of kinetic parameters, as they are dealt with in several recent revzews
(Villiars and ‘Lefkowitz, 1978; Furchgott, 1978; Bennett and Yamamura,
1985). This section will largely focus on the application of those

principle; wvhich are -df}ectly relevant to the estimation of binding

parameters commonly usez in the radzollqand binding studies such as

Scatchard plot~ for the estzmation ot dlssocxation constant (ko) and
maximum binding (Bamax)}, competltion curves for deternxnxng the - ICao
values for dzfterent agon1sts and antagonists, and Etll plot for
resolving the one or more binding sites and association and dissociation
binding kinetics.
1.3.1 Sscatchard Plot

In most binding studies, the equilibrium dissociation constant
(Rp) and the maximum number of binding sites (Baax) is estimated from‘the
Scatchard plot ‘of the saturation isothern obtained by wusing the
regression equation as proposed by Scatchard (1949) for the analysis of
binding data. This mathematical model is based on the assumption’ that
ligand-receptor binding is a b§molecu1ar interaction based on the law of
mass action with kinetics similar to that of an enzyme-substrate
interaction.

The equation is: B = Baax - B (é)
F Ko

By measuring the specifically bound ligand {B) and knowipg the

concentration of the free ligand (F) in the incubation medium at
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- equilibrium, qﬁe can plot the ratio ‘of bound and free ligand (B/ff
against the aQ;unt of bound liqandi (B) and fit 2 best line ‘by linear
reqr;gsion. The equilibriun dis;ﬁciation constant (XKp) is then'estgmated
from thg plot as the negative ‘reciproéal of khe slope (-1/B)  ang the
maximum number ‘ot‘bindinq ‘siiﬁb (Bmax) is given by fhe intercept of the
line onm the abscissa (x-infercept). In thg_ case of the simple

bimolecular interaction with the ligahd_hinding to only one type of site

with a constant affinity, a straighteline will be generated from which Rp -

and Baax can be determined. However, in many instances plotting the

saturation data resuits in a nbn-linear or curved Scatchargd plot. This

vould indicate either hete:ogeneity of the receptor site i.e. bindiqg of -

a }igand‘to Ewo or more'éifés.with different affinities, or a cooperative
interaction between the Feceptor sites. If this cooperti?ity is positive
{binding to oﬁe site facilitated Sy' binding to the other site), the
Scatchard plot ig curvilinear ‘upwards. In contrast, a Scatchard plot
curvilinear downwards is indicative of possible negative cooperativity,
A non—linea? Scatchard Plot in the case of binding to two sets of
independent non-interaeting sites can be_resolved into two components by
specific computer Programs e.g. "Ligand" by Munson andg Rodbard, (1980).
1.3.2 Hill piot ’

In order to check the deviation of'receptor-liqand binding from
the claqsic mass action law, gimple d;ta are usually converted into the
Hill equation (Bill, 1913) )

log [ B 1 =4 lo&(L) - n log KO0.5 (3)

Buax-B

This equation can be employed to determine the Presence or

¥



- 1.3.3 Kinetics of Bindinq

"
I

EY : )
qbsence of cooperativity in the saturation binding data. The Hill plot

‘ can be obtained !rom saturation binding data by plottinq the - log of

‘radioligand concantration (Log [L]) against the.ratio log [B/(Baax-B)].

Where [L] is the concentration of the free ligand, B is the amount of*the

'hound«ligand .and B..; is. the maximum number of binding sites estimated ﬂg

Scatchard analys;s.- ; The slope of the resultinq 1ine is the Hiti
coefficient (n). A Hill coefficient- of less Ehan unity indicates
neqative cooperativlty or multiple sites. ‘A Hill number of unity
1nd1cates a single class of binding sites, while a Hill number of greater
than uﬁity indicates muitiple subsites. - |
The equilbrium' binding constant (Kn)‘can also be determined from
experiments where. the constants for assoc1at1on (k1) and dlssqglatlou
(kz) of ligand receptor b1nd1ng are estimated s1nce Ko is equal to the
ratio kz/k, (see equation 1), The Kp derived from such experiments
should, within the expgrimental error, bé similar to the Ro obtained from
the saturation'experigent {Scatchard plot).
| In practice, 'it is extremely difficult to measﬁre association
rate directly as high affiniéy drugs have very rapid rates of association

and usually ohly less than 10% of the ligand is bound at eihilibrium.
—_—

LA

However, dissociation rates for high affinity “drugs can be measured
directly. The procedure involves incubating the tissue preparation with
a particular concentration of the radioligand until steady state is

reached, and then either by diluting the ligand with an excess of buffer

(100-fold) or adding an excess (1000-f01d) ofl non-radioactive ligand.

Specific binging ig measured at various time intervals after dilution (or

a0
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. addition of excess qisﬁiacér) and the half life - of specifically bound

-

radioligand is .estimaped from a plot of log bound VS, time. Once the

b 'dissociation rate has been determined, the association rate can be

determined indirectly by.quation'z: Ko = kz/k1, so ky = §i£5n4~\?hé Ko

is determined independently from equilibrium experiments. | . The- second .

method used for determining association kinetics takes into bpnsideration

. , : ™%
the contribution of ligand Yeceptor dissociation to the eventual reaching
T

of & steady state. Bound ligand is assayed at various tipe intervals up

to the steady state level (Beq). Ln {Beq/ (Beq-Bt) ig Plotted versus time

vhere Bt is the'gmount of specifically bound ligand at time ¢t. The slope
of this line (Kobs} is related to the association (k1) and dissociation

il

(kz) rate constént and free‘ligand concentration (L).

LR TET | (@

This equation ig valid only when the binding reaction is performed with
D0 more than 10% initial free ligand bound at equilibrium,

1.3.4 Competition Curves

One of the important criteria-for recoqnizing_hinding site as 3
receptor is ijtg pharmacological specificity. . Thig is determined by
incubating g fixed concentratﬁon of radioligand with an increasing
concentration of unlabelled ligand. If the unlabelled drug binds to the
Same site as the radioactive drug, it will interfere with the binding of
the radioacti&e drug. This is the nmolecular basis of direct

-pharmacolpgical competitioh. A set of competigio; curves are generated,

and the concentration of unlabelled ligand displacing 50% of specifically

bound radiocligand (ICso) is determined. The binding data are usually
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pPlotted as ‘percent of spec1f1c binding remaining against log of

d1sp1acing druq concentration. As the concentratlon of radlollgand (L]

v

: utilizcd in inhibition studies increases, the difrereJce between the ICs0

values of a ligand and the binding affinity constant of unlabelled ligand
(Ki) progrcsaively widens at fixed tissue concontratlon accordlng to the

equation deacribed by Cheng and Prusoff 1973,

Ki = ICco : ) {5)
1+ iLI7Ko
where [L] = free concentration of radicactive drug in incubation

- solution;

Kn = ESUIIIDrlum dissociation constant of the radioactive drug for
blndlnc slte~ )
ICso = concentration of the unlahélled drug that inhibits 50% of the
radioactive ligand bin&inc:
Ki = apparent equilibrium association constant.
This equation applies only to the binding pﬁenomenon where labelled and
unlabelled ligands interact competitively at the cane'receptor site,

Hill coefficicnt can be calculated for the competition curves
just as they can be calculated for the saturation curves. The equation ig
as follows:

Log __ % inhibition = Hilllcoefficient x log (L) (6)
100% inhibition

In recent vyears, shailow or biphasic competition curves
describing the interaction of an agonist with the rad1olxgand antagonist
have been the subject of considerable. interest in receptor binding,
posing complexities to the receptor classification and functional

heterogeneity. These - shallow biphasic competition curves of

&
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' radiolahelléd antadonist against agonist or vice versa have been

interpretad differently by dlfferent 1nvest1gators €.g. Seeman and his
co-workerar(Seenan 1980 1982) investigating the dopamine binding sites in
the central nervous System of various spec1es have interpreted these

fzndinqs as show1ng existence of multiple receptor b1nd1ng sites for the.

dopamine neurotransnltter, e.9. D-1, D-2, D~3 and D-4. However, similar

findings by Sibley et_al., (1982) in the anterior pituitary have been

1nterpreted as suggestive of two states of dopamine receptors (i.e. hlgh

or low afflnlty state}, 1nduc1hle by agonist, but not by antagonist, and

modulated by guanine nucleotlde.;

1.4 Receptors and Signal Transduction

‘Receptors are large protein molecules composed of complex
structures for both hlndlng the transmitter and transducing the message
into the blologlcally relevant effect. Investigations into the molecular
mechanisms that translate the dfuq, neurotransmltter or_hormone receptor
interactions into biochemical responses have greatly enhanced our
understandlng of the mechanism of recéptor-coupllng in physiological
systems. The actual transmltter or hormone binding sites comprise a very
small part of the malecule. The transducer involved in the signal
Processing 1s an integral part of the receptor structure and may differ
in different systems. At least four dlfferent models of transduction
have been described in the literature and diagrammatic representation of
these models have been presented ip Figure 1a-d Areview: Hollenberg,
1982,1985) .

1. In the case of the nicotinic receptor, acetylcholine

-
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stlmulation of a cell is medlated by the activation of an ion channel
{ COnti—Toronconl and Raftery, 1982). ~ Recgptors of thig type_abe
involved in signaling of short latencies and duration of milliseconds
(Neumann and hernhardt, 1977). | ‘

2.  There are othér types of receptors that may interact‘wiph an
independent enzyme system acting as transducers i.e. adenglate cyclase
system. In thms system, the mechanism is different 'from. the manner
whereby the nicotinic receptors ,reguiate the ion.flux. The adenylate
cyclgse system is comﬁbséd of at‘ least two subunits; the GTP binding

" subunit or ¢ protein - and the catalyt;c subuglt or C protein (Ross and
Gilman, 1980). Receptors for neurotransmltters such as B—adrenergic
dopﬁmine D-1, and hormones such as glucagon that stimulate the adenylate
'cyclase interact via an oligomeric stimulatory GTP binding sub-unit (the
Gz or N sub‘unit) to modulate the activity of.the catalytic sub-unit C
(Fig. 1a). Whereas, receptors for o, adrenergic, dopamine D-2 and
hormones like angiotensin (reviewed by Helmreich ang Pfuffer, 1985) ihat
cause inhibition of cyclase activity do so via interaction with an
inhibitory GTP binding sub-unit deslqnated Ny - or Gi. Thus, two kinds of
GTP binding proteins, Gs(Ns) and G {N1), exist whose compogition has
recently been described as heterotrlmer consisting of of as, B, Y and
%, 8, Y subunits respectively (Northup et al., 1980, 1982). GTP binding
te % (mol. wt. 42,000 dalton) or a (mol. wt. 39,000 dalton) medgétes
activation or inhibition of adenylate cyclase systens respectively. Thus,
the cyclasge activity is subjected to a bidirectional control, from the
interaction of either stiﬁulatory or inhibitory sub-units. Since GTP

promotes the interagtiﬁhs of a receptor with N» or Ny sub-unit, it has an

A
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Holecular models of receptor medlated cell regulatlon
modified from Hollenherg (1985).  Panel 1 represents the
neurotransmltter or hormone mediated actlon through
stlmulatory or inhibitory adenylate cyclase. " Panel B
represents the insulin hormone actlon. Panel C describes
the possible mechanism of acetylchollne actlon, and Panel D
- for epldermal growth factor action. Rs - stimulatory
receptor protein, G - stimulating hormone or
neurotransmitter, N, .= cjclase stimulatory regulatory
protein, Ny - 1nh1b1tory regulatory proteln, C - catalytic
subunlt I - insulin, q, B, subunit of insulin receptor,

GPR - glycoprotein regulatory site of insulin receptor

‘affinity, TYR-(R) - phosphotyrosine on Putative kinase site

of the insulin receptor, A - acetylcholine receptor, o, g,
Y, § subunit of nicotine receptor forming the ion channel,
E - epidermal growth factor, P-TYR - phosphotyroslne s-8

disulfide bond that link receptbr regulator.
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observable eftect ﬁn thé liﬁand-rec?ptor affinities measured in a bihdind
_"expprinent. As will be descrzhed later in thzs section, GTP converts the
.high aftinity agonist hinding site ‘to the low affinity hindlng 31te.

3. Insulin (Fig. ib) may act, in part, via the liberation of an
i@traceilular' péptided mediator generated - by proteolysis of a mémhrané
protein (Czech, 1981). - ‘1hese mediators, in turn via -modulation of
phosphatase and/or caAMP pHosphodiestrase activify can fegulate the
activities of insﬁlin responsive épzymes.' .

4. In contrastx to the ahgyg models, ' the epidermal‘qrowth
factor-urogastroﬂe (EGF-URO) receptér is a s1nq1e chaln glycoproteln
whose activzty resides on the inner aspect of the plasma membrane. It is
suggested that the receptor possesses an intracellular catalytic tyrosine
kinase site which is responsible for the phosphorylation of the membrane
protein tyrosiﬂe residues {Cohen et_al., 1980) and this phosphorylatien
_répresents the first step in the action . of _EGF-URO effects. Thus, four
distinct membrane loéalized reaction pathways (activation ‘of ion
transport, cyclase activation, activation of membranes to liberate low
molecﬁlarr wéight chemical mediators and intringic receptor kinase
activity leading to membrane protein phospho;ylations appear to mediate
the cell activation. The mechanism by which these four pﬁthways of

signal transduction operate are explained in Figure (1 a-d).

1.5 Dopamine as a Neurotransmitter in the Central Nervous System
Dopamine has long been recognized as an intermediary compound in
the norepinephrine biosynthetic pathway. However, in the late 1950's,

dopamine was shown to occur in high concentrations in the brain and
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periﬂheral'nerVOusl System (Montagu, 1957: Caflsson et al., 1958; Bertler
and Rosengren, 19595, ihiqh suggesfeé.that dopémine night have a function
other than servihg -just .as “an ‘ihterﬁediate in the synthesis of
norepinephripe or epinephrine., In éther studies;'Car1sson (1959) observed
that L-DopPa injection reverséd'resarpinefinduced Pharmacological effects

without affectiﬁg the depleted levelg of norepinephrine. ‘This effect wag

system; ' L -

In the ‘early 1960's, three bivotal studies led to éhe conélusion
that dopamiﬁe has a separate major role in normal ang abnormal brainp
functions., Hb}nykiewicz (1966) first reported depleted ‘levels 6f
dopamine in the nigrostriatal regions of post mortum brains from patients
with Parkinson's digease. The subsequent clinical Success of therapy
using L-DOPA (dopamine's immediate precursof), underlined” the importancg
of dopamine deficiency in this disorder (Hornykiewicz, 1973) . Secondly,
Falck et _al., (1962) developed the fluorescence histochemiéal technique
which allowed visualization of dopamine in the brain, along with other
heurotransmitters like norepinephrine and serotonin. These histochemical

studies later clearly demonstr;ted that dopamine heurons were an intimate

1965). Thirdly, it was shown by Carlsson andlLingvist f1963).1hat
antipsychotic agents have ‘the ability to cause an increase in the levels
-+ of brain dopamine metaholites. Thése findinqs.have'been further supported
by the fact that antipsychotic drugs {neuroleptics) block the behavioural

effects of dopamine agonists in animals (for review see Seeman, 1980).

~

—~—— -

=
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The anatomical localization of -the aopamine peuronai system has
been documented ‘with Vthe .mapping of neurottan;mitter- pathways b§
fluorescence techniques of Dalhstrom and Fuxe (1964). Dopamine neuronal
pathways are outlined-in Table I, betails of these Pathways are reyiewad-
eisewhere_ in the literature (Lindvall aﬁd Bjarklund, 1977{ Moore and
Bloom, 1978). The nidtoétriatal pathway aécounts for about 70% of the
total brain content of dopa&ine. This pathway is the majof focus of-
dopamine‘ research. X The degeneration 'of. DA (dopamine) containing
nigrostriatal neurong ﬁave been - directly linked with the reuropathology
: of.Parkinson'Q diséase (Denny-Brown, 1962; Be;nheimer et al., 1973). The
abnormality of thig pathi;y has‘also.been implicated in other psychiatric
and behavioura} &isorders Sﬁch #s schizophrenia (Creese et _al., 1976;
Angvist et _al., 1980) and Huntiﬁgton‘slchorea {Klawan, 1973).(r

In animal‘ - studies, akinesia and  rigidity which are
characteristics of Parkinson's disease, can be produced by lesions of the
nigrostrial pathway (Ungerstedt, 1971a; Silbergold and Calne, 1981).
Lesion studies witﬁ intracerebral micro-injection_of dopanine, dopamine
agonists Or antagonists into various dopanine términal areas have
su&ge;ted that stereotyped gnawing aﬁd chewing in ratsg evoked‘ihy
amphetanmine Iand apomorphine are initiated ip the striatunm (Creese and
Iversen, 1974) by increased dopaminergic activity. ‘

o ' ﬁﬁilaterai lésion of the nigrostriatal Pathway in rats with
6-hydroxy dopamine (a selective catecholamine destroying agent) caused an

ipsilateral rotational behaviour, However when these rats were
challenged with apomorphine (DA agonist} they rot;ted in a direction

contralateral to the lesion (Ungerstadt, 1971). This directional change
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1

System

ﬁnclaus of origin

i

Site(s) of termination

Meso-telencephalic
Nigrostriatal

) Y

”ﬂasocortical

Tubero-hypophysial

Retinal

Incerto-hypothalamic

Periventricular

Olfactory bulb

Substantia nigra, pars
compacta; ventral
tegmantal area

Vantral teqmental area;
substantia nigra, pars
compacta C

Arcuate ahd periven-
tricular hypothalamic
nuclai

Interxplexiform cells of
retina_

Zona incerta, posterior
hypothalamusg

Medulla in area of -dorsal
motor vagus, nucleus
tractus solitarius,
periaqueductal and pexr-
iventricular gray

Périgldmerul&:rcells

o

Neostriatum (caidate~
putamen) ¥ globus
pallidus

Isocortex dnesial frontal, .
anterior cingulate,.
entorhinal, perirhinal)

Allocortex (olfactory bulb,
anterior olfactory nucleug
olfactory tubercle,
pirifoxm cortex, septal
area, nucleus accumbens,
amygdaloid complex)

Neuro-intermediate lobe of
pituitary, median
eminence

Inner and outer pléxiform
layers of retina

Dorsal hypothalamic area,
septum

Periventricular ang peri-
aqueductal gray, tegmaen-—
tun, tactum, thalamus,
hypothalamus

Glomeruli (mitral cells)

.

From: ' Moore and Bloom (1978).
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was interpreted as an indication of  greater post-synaptic dopaminergic
‘ actiVity of lesioned striatum and was suggested to be due to the
supersensitization of the lesionea; striatun to dopamine or its agonist.
This post-synaptic supersonsitivity in rats has been reconfirmed in many
other studies by injection ¥ith various dopaminergic -antagonists (Mishra
et al., 1978; Ungerstadt 19;}&).

These findings in animal models, and eVidence that antipsychotic
and anti—Parkinsonian drugs minimize the symptoms of these disorders by
hlocking or activating the dopaminergic systenm respectively gave a major
impetus in- the growth of dopamine neurotransmitter research leading to

the identification and characterization of dopamine receptors.

1.6 Multiple Dopamine Receptors (Pharmacological characterization)

The mammalian striatum has the highest concentration of dopamine
and been extensively used for studying the characteristics of dopemine

Teceptors in the central nérvous system (Seeman, 1980). Duaring the

Mt e 1

1970's, two major developments npade it possible to study the
pharmacology, the kinetic properties and the'-distribution of recognition
sices for dopamine; 1} The Deasurement of DA sensitive adenylate cyclage
(cAMP) levels; 2) Radioliqand binding to dopamine receptors.

1.6. 1) Dopamine sensitive adenylate cyclase.

The first biochemical evidence for ‘the existence of dopamine
receptors in mammalian braip Was derived from the identification of
dopamine sensitive adenylate cyclase (DA sensitive AC) actinity~in
different brain tissue, eg. DA sensitive AC in the bovine superior

cervical ganglion (reViewed in Greengard, 1976), a similar enzyme in the
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rat striatum (Hillef g§_gl., 1974, retina (Brown aﬁd Makmen, 1972), and
also in the cortzcal region of the prinate (Mishra et al.. 1974). This
enzyme was found to be naxilally at1lulated by dopanzne at 100 uH<
concentration with half naxinal effect at ahout 2 uH (Greengard, 1976} .
The regional distribupion of this enzyme in brain tissue also suggested
an association with the dopamine sfnapée. Highef apzynatic activiﬁy was
obsefvad in the corpus striatuh, olfactory’ tuhercla dnd nucleus accumbens
(Leysen and Laduron, 1977), the three brain regions richest in dopamine
1nnef&at10n. These findings indicated that this enzyme ﬁay be directly
ﬁlinked. vith the dopaminergic behavioural actions (Nathanson, 1977).
Furthermore, neuroleptic pﬁenothiazineS- (e.g. chlorpramazine) used for
the treafment of psfchiatric disorders .were " found to be potent
competitive inhibitors of dbpanine sensitive adenylate é}élase activity .
-(Clement-Cormier et al.,-1954* Miller et al., 1974: Iversen, 1976) In a
series of competitive inhibition experiments with phenothiazines, there
Was a correlation hetween their pharmacolegical potencies as dopamine
antagonists and their 'influences on adenylate cyclase activity
(Clement-Cormier et al., 1975). Eised on this cumulative ev1dence, it
was hypothesized that antipsychotic drugs were acting via blocking the
dopam1ne sensitive adenylate cyclasq activity, and »this enzyme was a “
receptor linked enzyme involved in the antipsychotic effects of
neuroleptics (Greengard, 1976).

| Ih studies with butyrophenone neuroleptics (which as a group are
more pétent . ‘than phenothiazine neuroleptics in blocking dopamine
receptors mediated behaviourgl actions), it was found that they were less

effective in inhibiting the adenylate cyclase ‘activity (Iversen, 1975,



Snydcf at 'nl., 1975).  Pror exanplé, the butyrophenone spiroperidol

(spiperone), one of the nmost potent neuroleptic$ (100 times mora potent

than chlorprala:ine) in blockinq brain dopamine receptors in animal

nodels of dopalinergic activity was !ound to be 10-£old less potent than.

chlorpramazine in blocking the dopanine sensitive  adenylate cyclase.

Furthermore, ergot derivatives~that have been found to stimulate brain

. ! .
dopanine receptorg in Vijg have also been found to antagonize the

dopamine sensitive adenylate cyclase in vitro, e, g. bromocryptlne,‘au

cllniqaﬁ’y useful antz—Parkf%sonlan agent and a useful drug used in the
brain dopamine receptqr stimulat1on nodel can inhibjit the cyclase
activity (Kebabian, 1%;%: Berde and Sturman, 1978). The evidence became
inconsistent with the(:fgﬂier hypothesi§ that the dopamine sensifive
adenylate cyclase. ¥as a receptor linked enzyme system in the brain
through which anti-psychotic and ianti-Pakinsoniah drugs may exert their
effects. These discrepancies‘raiséd the'bossibilixy that tpere night
exist more than one type of dopamine receptor. Thus, butyrophenones
would exhibit weak affinity for the receptors responsible for eliciting
an increase in cAMP whereas they would exhibit higher potencies at those
reéeptors responﬁible for behavioural and clinical effects. This
hypothesis of more than one type of dopamine receptor was further
supported by the binding data fbr DA agonists and antagonists to striatal
membranes. |
1.6.2 Radicligand Binding Studies

In the mid-seventies, two independept laboratories, Seemen et
al., (1975) and Burt et al., (1976) succeasfully used [®H]haloperidol and

[*Eldopamine to label dppéhine-related specific binding sites in calf
- N ~
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'=caudate nenbrane. These binding sites have heen well characterized and -

" densities - of these binding sites have been found to be rich 1n those

areas where nore dopanlnergic neurotraqsmlss1on vas locallzed .q.

striatum and' tubercle olfactorium (Fields et al., 1979; Seeman, 1980)

L . e

Brain regipns ‘where little or no dopamine has been detected, .such as the

frontal cortex or the” cerebellunm ‘displayed no signJ.ficant amount of ’

-speciric receptor binding.  According to the pharmacologlcal potency

ratio with [3H]haloperidol it -was found that dopamlne and apomorphlne

——

'(dopamzne agonist) were more potent as dleglayxng agent than

L

norepinephrlne or isoproterenol (B adrenergic agonlst),- however
“neuroleptic antaqonlsts vere found to be even more potent ln competlng
for [*H]lhaloperidol’ spec1£1c binding sites than agonzsts (Burt et et al.

1975) Ster801somers of neuroleptlcs such as (+) end;(-)-butaclamol'and
a cis- tranS*thlozanthzne inhibited [SH]haloperldol binding with different
potenc1es 1nd1cat1nq that the [¥H]haloperidol blndlng is stereospecific.

Furthermore, the Potencies of neuroleptic drugs in competing for

[3H]haloper1dol spec1f1c binding .in the calf caudate membrane homogenate

. correlated well with‘ the clinical potencies of the neuroleptics as

antipsychotic.drugs {Seeman et al., 1976: Creese et al., 1976}. Thus, it
was found that butyrophenoqes, such as spiroperidol and haloperidol, the
most potent neurolebtics; vere also‘e;treeély Potent in competing with
the binding of [?R]spiroperidol or [3H]Pale§eridoi to dopamine receptors,
but were weak as inhibitors of the adenylate cyclase (Creese et-el.,
1975). Inl other druc% specificity studies of receptors 1ate11ed by
agonists like [3H]dopamrne, [3ﬂlapomorphine {Seeman gt__g;.,i‘1976) or

{*H]ADTN (Creese and Snyder, 1978) it was found that these binding sitee



‘ 25

have'potency‘ratios similar to that of the dopamine sensitive adenylate
cyclase, ‘Also, careful exam:natlon of binding data revealed that the
compet;tlon of an [3H]agon;;; with antagonist assumed a szqmozd Hill plot
with a coeff;clent of less than unlty, an 1nd1cat10n of multiple receptor

binding sites (Beld et al., 1978 Creese, et al., 1978) Thus, binding

studies have provided further support for the exlstence of more than one -

type of dopamine receptor.-

In leslon experlments, chemical lesions by ka1n1c acid (which

selectlvely destroys 1ntr1n31c neurons of the \strlatum) resulted in

almost complete ‘loss of dopam1ne stimulated adenylate cyclase and
produced a major loss of [°H]apomorph1ne blndlnq, but elicited only 50%

decline in [°H]sp1roper1dol or [3H]haloper1dol binding (Schwarcz et al.,

+~1978; Fields et al., 1979). On the other hand, surgical ablation of the

. ceerebral cortex in the rat resulted in decreased striatal

[®Hlspiroperidol binding wlthout any change of the DA stimulated AC

(Garau et al., 1978). The cerebral cort1ca1 lesion and a kainate lesion
effects were -additiVe ‘and together almost totally depleted striatal
[3H]spiroperidol‘ binding (Schwarcz et al., 1978). Since the dopamine
sensitive AC is not reduced by cerebral ‘cortical ~ ablation, this may
further support the notion that the dopamine receptors on cort1costr1ata1
nerve endings are not linked to the adenylate cyclase. Based on these

pharmacological ang . behavioural evidence, KRebabian and Calne {1979) have

clearly distinguished dopamine receptors into two subtypes: a) dopamine

¢

receptor that activates adenylate cyclase termed D-1 receptor (in the ~--

periphery as DA, receptor). The protatype D-1 receptor is found in the

- parathyroid gland where dopamine causes a releage of parathyroid hormene
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through an igcreese in caMp ievel (Brown et et al., 1977); b) a dopamine
receptor thatidoes not'ectiiate, Jbut may inhibit adenylate cyclase termed
D=2 receptor {in periphery Dhe réceptors). Prototype D-2 receptor is
found in the anterlor pPituitary, where dopamlne medrated inkibition of
Prolactin hormone secretion is caused by a decrease, rather than an
increase, in. adenylate cyclase activity (Clement-Cormier} 1974). Both D-1
and D-2 receptors are present in the caudate nucleus'(Zahiheer and .
Holinoff, 1978; Seeman, 1980; Mishra and Cleghorn, 1980). However, this
classification has created many controver51es in the recent literature.
On the ‘basis of blndzng data, as many as 4 distinct subtypes of dopamine
receptors have been 1dent1f1ed (Seeman 1980 . 1982) depending on the1r
afflnitles for different agonists and antagonists. Similar findings have
been argued by others (Creese and Slbly, 1982) who have classified the
dopanine receptors ‘into three subtypes. Nonetheless, now the
classification scheme for DA-receptors based on binding studies is
beginninql to be brought ihto an  agreement with the originel
claesifrcation of D-1 and D-2 subclasses hased_on more conventional
pharmacological technlque?.

Thus, in more recent studies it hag been propoeed that the D-1
receptor may exist ipn two intérbhangeable states differing in their
affinities for agonists (i.e. low afflnlty and high affinity states):
Leff and Creese (1983) - have suggested that the 'p-3°© binding site
orginally proposed (Creese and Sibley, 1982) Tepresents high affinity
agonist state of the D-lpreceptor. Likewise, the D-2 receptor in the
pituitary gland may have high. and low forms (Sibley et et al., 1982) which

were originally 'thought' to be. D~2 and D-4 sites (Seeman, 1980). 1t
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should be p01nted out that Laduronw(1983) st111 argues for ‘the ex1stence '

of a single dopamzne receptor, whereas Hartaress et al. (1984) and Joyce
(1983} continue to consldgr the existence. of three types. of dopamine
receptors. Hlthout going into any details of controversy, this chapter-
“will be 11m1ted to D-1 and D-2 o1ass1f1cation.

The D-1 and D—2 dopamzne receptor ~-hypothesis is further
strengthened by recent 1dent1f1cat10n of the drugs dxscrlmlnatlng between
the two receptors. A number of compounds wh1ch are found to be potent
agonlsts of the D*Z‘ receptor have negllglble afflnlty for the D-1
receptor. For example, RU24213 and RU24926 are potent D-2 agonists, but
dlsplay no agonlst1c activity on the D- 1 receptor (Euvrad et al., 1980).
31m11ar1y, D-1 receptor agonlsts SK&F 389393 or SK&F 82526 (Hahn et et al.
1982; Brown and Davson-Hughes 1983), have falled to inhibit the release
. of prolactin, from this evidence it wee concluded that p- 1 agonists‘do
not interact with the p- 2 receptor. 1In a similar fashion, there are sone
antagonists which show higher potency in inhibiting D-1 receptor than D-2
receptor, eg. SCH 23390 has a ki of 0.66 oM for the D-1 receptor, but is
inactive at this concentration on the p-2 receptor (Iorio, et al., 1983).

This classification of dopamine receptor is summarized in Table 2.

1.7 Dopamine D-1 Receptor

As discuseed in the preceding section, dopamine D-1 receptor is
‘directly linked with the stimulation of adenylate cyclase {(Kebabian and
Calne; 1979). This receptor site hag been charecterized on the basis of
the ability of drogs to mim;c or antagonize the stimglatory effects of

dopamine on adenylate cyclase activity. Neutoleptics of the
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Two Dopamine Receptors:
: Pharmacologic

Radio iigands
[#HJThi;xanthene\
I“H]Butytophenone
[*H]Agonist

¢Agonist affinity

Selective agonist

Selective Antagonist

Function

Striatal location
Pituitary location

TABLE . 2

D-1

Ra R

+ +

+ -
nM uM

SKF38393; SKF82526
Dihydroxy nomifensine

SCH23390
Parathyroid hormone

Release
Striatum: unknown

Intrinsic neurons

4

GTP GDP
Rje———— Re

Ca** or ﬂg H

* Modified from Creese et al., 19383.

Classification,
al Characteristi
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Biochemical and
cg*

D-2

Re . Re
+ ¥
+ +
+ -

nM uM

Ru24926; Ru24213;
NO434; No437 1

(=)sulpiride; YMO09151-2
Domperidone

Inhibition of pituitary

" hormone release

DA mediated behavioural
responses and their

antagonism by neuroleptics

Intrinsic neurong
pPresent both in anterior
and Intermediate lobe of
pituitary
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-phenothiazibe family (e.g. chloropramazine, fluphenozine). are known to -

block the activity of adenylate cyclase and exhibit good correlatlon with

blocking the D-1 binding sites (Hyttal 1979). D-1 binding sites can be

[GH]piflutHixol (Hyttal 1978), These radioactive ligands exhlhlt
nanomolar aff1n1ties for -1 receptor in the striatup. and the potencies

of the dopaminergic _ antagon:sts . in - competing for[3H]f1upenth1xol

‘correlate well"with their ‘Potencies 1n 1nh1b1t1ng DA sensitive AC

(Byttal, 197s). However, it should be cautloned that these ligands could
also label D~2 receptor (Sibley ang Creese, 1983). low concentration
of an unlabelled butyrophenone should be included in the 4s3ay system to
block D-2 receptor activity, _ : .
1.7.1 Tissue Localization

Dopamine receptor of  the parathyroid g}and is considered a
prototype of p-1 receptor. Dopamine elicits the biochgmical response in
parathyroid gland ' characteristic of p-i activation (i.e. enhanced
adénylate cyclase activity, increased CAMP production and activation of
cAMP dependent Protein kinases), jollowe@ by an increése in the release
of parathyroid hormone, a physiologic response (Brown et al., 1977; Attie
et al., 1980). Response ig stimulated by dopamine, SK&F 38393 (dopamine

agonist), and blocked by beuroleptics and the ergot lergotril ang

" lisuride (Brown et al., 1980) . Dpopamine D~2 antagonist sulpiride had 3

very weak effect 'in blocking the receptor activity (Stoof énd Kebabian,
1984) . k
The D-1 receptor also occurs i he retina of Several species

(SChofderet and McDermot, 1978). The cellular localization apng
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physiolog1c 51gnificance of stimulatlng the retinal D-1 receptor is-
. unknown. However, in  Teleost fish retlna, D-1 binding sites located on
“the external horizontal cells; upon gstimulation with dopamine or D-1,
" agonist SK&F 38393, caused 5 to 7-fold 1ncrease in the adenylate cyclase
‘activity (Van Buskirk and Dow11ng, '1981). This effect was blocked by the

D~-1 speczfxc antagonist SCH 23390 conversely sulpiride a speclflc b-2-

antagonist was without any effect {Walting and Dowling, 1981).

In -the central nRervous system, D-1 receptor is foundrin those °

reglons wvhich are rich in dopamlnerglc innervation. The striatum ang
olfactory turbercle have the highest dopamine sensitive adenylate cyclase
actlvity and an increased D-1 radiolabelled ligand blndlng (Seeman, 1980} .
In the strlatum, dopamine binding sites appear to be localized on cell
bodies within the strlatal neuron and these sites can be completely
eliminated with kainic ac1d lesion (Minnerman et al. 1978)}. ‘'In the
olfactory tuherele, adenylate cyclase occurs upon the pyramidal cells and
is found to be associated with a phosphoprotein of apparent molecular
weight of 32000 daltons known as 3'5 adenosine-monophosphate regulated
phosphoprotein DARPP-32 (Wallag and Greengarq, 1984) . Although p-1
binding sites have-been localized in different regions of the central
nervous system, however, their functional importance ig not clearly
understood. - b-1 receptor in brain is described as receptor in search of
a functlon (Joyce, 1983). .
1.7.2 Effects of Guanine Nucleotides op D-1 Receotor Binding

D-1 dopamine receptor dppears to be 1linked to a guanine

nucleotide binding proteln, since GTP (or itg analogue Gpp(NH)p) alters

the affinity {converts high affinity to low affinity) of the receptor for
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agonists. {(Creese, 1982). Furthermore, etimulation of striatal dopamine

sensitive adenylate cyclase requires GTP (or :its analogue) for its
stimulatory effect ‘on do amine. . The relationship between dopamlne D-1"
receptor, the guanine nuc‘eotide bind1ng regulatory sub-unlt and the

requlred co-factors in . th stimulation of - the dopamlne sensitive

adenylate cyclase has been 1nvest'gated by several laboratorles (Chen et
1., 1980; HcSa1qan et al., 1980; /ooyce, 1983) Add1t10n of GTP, and Hg’*
to the striatal homogenates results in actlvatlon of dopanmine stlmulated

adenylate cyclase 1mmed1ate1y followed - hy the formation of the GTP hound

~dow affinity receptor complex. These GTP modulatory effects are

.111ustrated in Figure 2.

1.8 Dopamine D-2 Receptor

Dopamine D~2 receptor is functionally c1a331f1ed as the receptor
vhich does not stimulate but inhibits adenylate cyclase activity upon
agonist occupation, The consequence of D-2 receptor stimulation is shown
to cause either decrease or to have no effect on the formation of cAMP
(Creese et al., 1983, 1984). The activation of cNs dopamlne D-2 receptor
with agonists like apomorphine leads to an increase in the motor activity

and stereotyped motor behaviour (reviewed by Seeman, 1980). Butyrophenone

neuroleptics (e.q. spiroperidol, haloperidol) are the most potent

antagonists for the D- 2 receptor, substituted benzamlde derivatives {e.q.
sulpiride) exhibit moderate affinity at D-2 s%te {reviewed by Creese et
al., 1983). The rank order potency of various agonists for D-2 receptor
is exhlblted as NPA > ADTN = apomorphtne > DA and for antagonists is

spiroperidol » (+)—buﬁeelanol > domperidone » haloperidol (Reviewed by
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Seeman, 1980). ,

HRadioliqand ﬁindinqlstudies have allowed direct -cofrelatiqn of'
bindinﬁ data with the behavioural action of dopamine D-2 receptor. The
a!tinit:es of a number of structurally d1verse dopamzne antagonlsts for
[3H]hutyrophenone h1nd1nq sites agree with their potency in antagonism of
apomorphine and amphetamine 1nduce@ stereotypical behaviour -in~ rat
(Creese et al., 1978; qi&hre and’' Cleghorn, 1980) .and antzpsychotlc
activity in man (Seeman et ale, 19#6) The plasma concentratlon of drugs
measured by neuroleptlc radioreceptor assay and by other methods at
therapeutic dose level correlated well with the nancmolar affinity of .
the antlpsychotlc drugs for dopamine receptor blndlnq 31tes {Creese et
al., 1976). sSimilar correlatlon between the plasma concentratlon and the
therapeutic efflcacy for antl-Parklnsonlan effects of dopamine agonlsts
have been reported and the effects are to be mediated through the
butyrophenone labelled p-2 receptor (Titler and Seeman, 1978).
1.8.1 Tlssue Localization |

‘Dopamine D-2  receptor occurs both in the anterior and
intermediate lobes of pituitary and upon stimulation, with dopamine
agonist, inhihite3:>olaetin and MSH release, respectively (Onali et al.,
1981; Cote et al., 1932). Radioligand binding data with dopamine
antagonists angd agonists in the pPituitary gland revealed a single
dopamine receptor subtype with affinity and stereoselect1v1ty as observed
for the dopamine D-2 type (Creese et al., 1977a; Caron et _al., 1978;
Cronin angd Weiner, 1979). Characterization of receptors with
[3HJspiroperid01/agonist competition experiments revealed that dopamine

D-2 receptor exists 1n two states; the high affinity ang the low affinity

A :
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states for agonists, (Sibley et al., 1982) that are modulateq by GTP or )
Vits analogue. GTP at saiurating concentration shifts the’ agonist curves "
to‘the Aright, implying the conversion of dopgmiﬂe D-2 recepﬁor from hiqh §g‘
ié iow”atfinity' state. - Tﬁe high affinity binding ' sites have been
\\ charactgrize@ 'hy a specifié - radiolabelled agonist
[°E]N;propylnorapomdrphiné [*HINPA binding in bovine a;terior ;ituitary
membfanes {Sidbley et al., 1982). The binding was shown to be saturable
and homogenous with sinqle‘ affinity éorreépondihg to the antagopist
[3H)spiroperidol binding. The-'sgturating- concentration ‘of guanine
nucleotide.(looun)'complételf abolished the spegific‘IGH]NPA bipding to
the pituitary memhrane_prepafation (Creese gﬁ_g;., 1983).

Morecover, dopamine‘ agonists have been shown to decrease camp
levels in hotg the anteriér (Labrie et al., ‘1981; Giannattasio et al.,
1980) and the}intérmediate lobes of the pituitary (Cote et al., 1982).
The sodium ions appear to modulate the dopamine D—Z. inhibition, by
amplifying the inhibition of adenylafe cyclase enzyne activity {George et
al., 1985). ' 7hig negative coupling betwéen dopamine and adenylate '
cyclase is GTP regulated (Cote et al., 1982}, and stimulation of p-2
receptor results in the inhibitioﬂ of cAMP formation, thig nay serve as a

- mechanism by which dopamiﬁe decreases. thg synthesis and release of
_ Pituitary hormones, 1ike Prolactin from the anterior pituitary and
@ -melanophore stimulatory hormone ( a-MsH) from the intermediate lope of
Pituitary (Engalbert and Bockaert, 1982).
1.8.2 striatal Dopamine .p-2 Receptor

., «~ The very first dopamine binding studies utilizing'[hﬂldopamine

and [?H]haloperidol were perforﬁed in the mammalian striatum (Creesé et
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used in binding studies have multiplied, and in fact far exceed those for
nany other‘neurotransmittqrs. At bresent, the foilowinq [sﬁllabelled
ligands have been ‘shown  to. bind " to the dopamine D-2 receptor:

Spiroperidol,'.‘ domperidone, pimozide, sulpiride, flupenthixol,

.

':al., 1975; Seeman et al;,k1975). Since then, the number of radioligands -

| dihydroe#gocryptine, apomorphine. and N*prdbylnorapomorphine {NPA) (for .

reviews see Seeman, 1980; .Sibley and Créese, 1983; Memo et al, 1983).

There are quantitative ang qualitative differences in the binding -

properties_ofAthese structurally-diverse ligandgc However, these ligands
saéisry all or most of the criteria necehsafy to suﬁport'fhe.contentiqn
that they label dopamine D-2 receptof. 1. The redional 'dist;ibutioﬁ of
binding siteﬁ labelled with thege 1ig§nds parallel dopamine iqnervation;

- The dopamine p-2 agonists and antagonists are more potent than other

-non-dopaminergic neurotransmitters:; 3. ‘They exhibit stereospecificity

With respect.to the_dopamine selective antagonist {+) and (~)-butaclamol.
The dopamine D-erecé;tor is situated iu'ﬁost-synqptic processes in the
striatum (Seeman, 1980), Rainic acid lesiong invariably reduced the
density of the p-2 receptor (Creese et al., 1977; Mishra et al., 1978).
ﬁowever,' lesions with the G-hfdroxy dopamine (destroys Pre-synaptic
terminals) do not Cause any decrease in the receptor density (Creese et
al., 1977).

“As lg the pituitary, [aH]aéonist ligands in striatum also label
dopamine D-2 sites with high affinity under appropriate conditions. The
affinity of the agonist binding is reduced by guanine nucleotide with 3
specificity similar to that of the pituitary {Zahnisav ang Holinoff,

1978; Creese et al., 1%79). Striatal f“H]éqonist D-2 binding is enhanced
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by either préincuhatidﬁ of fhe.tissue, homogenates wifh ﬁgz*s(or gthér
divalent metal cations) or -inclﬁsioh'ot these ions in the assay systenm
(Hamblin and .Cr.:ee.se‘, 1982). o

| There is hoq'evidence that the D~-2 receﬁtpr in the striatﬁm ﬁay
also be ‘Qegqfively cbupléd'to the adenylate éyglase;: stoof and Kebabian
(1981) ﬁave demoﬁstrated.that.tﬁ; D-z.récéptor specific agonist LY 141865
could reduce the SKF‘3B393 (D*i specifi§ agonist) stimulated cAMP efflux
from rat striataI\SIicgé. This . inhibitor§ effect. was reversed by (-)
sulpiride. 1In other- "studies, iﬁclugion ofl D-1 antagonist and an
elaborate prgp#ration of rat  striatal homogenate  resulted in a
significant p-2 receptor ‘mediated inhibition of the basal adehylate
cyclase activity (Onali et al., 1984). This inhibitiﬁﬂ was dependent on
the presence of GTP. o .

" In recent studies, it wag further shown that Dp-2 recepto;s may be
directly linked to the Ni (or Gi) protein of the adenylate cyclase,
Fugita gg__gl. (1985) have demonstrated that injection of Ni specific
inhibitor 1AP {islet activating Protein) from pertussis toxin in ?at
striatum ﬁlncked the apamorphine induced sfereotyped behaviour. There
was alse a concomitant shift to the right in the affinity of apomorphine
for the [3H) spiroperidol binding site in ap IAP treated rats. In other
studies Tanaka it al., (1984) have shown that inhibition of adenylate
cyclase by docamine required several-folds more GTP than that required
for stimulation of adenylate cyclase which is consistent with the bimodel

Ni and N, regulgtion in many other systems (Cooper et al., 1982).

Furthermore, Battagdla et al. (1985) have demonstrated that forskolin

Which stimulates directly the catalytic sitg of AC, caused enhancement of



~ Figure 2:

A model " of: D-1, D-2 dopamine réceptgr fegulhtion of

. adenylatb' éYc;gse '~ (reproduced in modified frop Helmréich

and Pfeuffer, 1985) systen, Ea'and Rt repteéentiactivatiﬁg
and inhi'hit':ing receptors | 'respectijely:- .‘VG guaﬂylfl
nucleotide binding Proteins; Gs. = 5 as 42000 mol, ﬁt‘
actlvatlng suhunlt G1 and &x, 39000 mol wt. 1nh1b1tory
subunit g, Y . 35000 and sooo mpl.’ -Wt. subunits
respectively, common to both Gs and Gy Subunits. é;
catalytlc moity of adenylate cyclase! éN, non-hydrolysable
guanylyl neuclotide analogﬂes. Release of activated Gs or.
activated Gt results in  formation of _stinulated or
inhibited adenylate cyclase Ca or Ci respectively. In the
pPresence of dopamine or other agonlsts, ar B, subpnits will
be released from g, and 61 unit will activate or inhibit

the c¢yclase system depends on the type of receptor

stimulation.
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absolute inhibition of the.‘striatal adenylate cyclase enzyme activity

that was ‘induced by the dopamine D-2 receptor agonlsts. This inhlbltlon'

was concentration dependent with respect to forskolin and the aqonlst

and- the inhihitory effect uas»antagonized by splroperidol.
Based on all the above ohservatlons one may conclude that' i)

the dopamlne D—2 receptor is negat1ve1y 11nked to adenylate cyclase

- activ1ty, ii) the receptor .is directly 11nked with a Gi (or'Ni) unit of _

adenylate ‘cyclasei " The mechanism by whzch thls receptor-adenylate
cyclase coup11ng influences the response is not clearly understood’ How
GTP is 1nvolved in the conversion of -the hlqh aff1n1ty to the low '
affinlty state is also not Yet understood. However, a model illustrated
by Helmre1ch and Pfuffer (1985) has been modified'to explain the possible
modulatory effects of GTP on dopamine D-2 receptor, (Figure 2) A f1naL

mechgnlsm of receptor-effector system will only be understood when each

-

P component of the system is 1solated purified and then reconstltuted in a

. -‘

s:mulated membrane system. : . .

\

-1.9 Isolation and Purification of Dopamine D-2 Rece.tor;‘ "
= "“_“Jl“f**‘f‘“‘-**‘n“—‘ -

As discussed in the preceding eections with the advent of .
radioligand‘binding studies. conslderahle progress has been made in the
understanding and pharmacologlcal characterlzatlon of dopamine receptors
However, .at the same time, this binding technique has created
controversies atout their cla551f1catlon and the affinities of different
forms towards thelr agonist angd-- antagonlst (Seeman, 1982; Creese and
Sibley, 1982). Furthermore, this techn1que has prov1ded very little

1nqumat1on about the cascade of molecular event which beging with the
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" -1.9.1 Detergent SOIuhilization of Receptors S

t

"fornetzon ‘of the ligand receptor complex term1nat1nq to a physzological

response. In order to enhance our understand1nq ‘of molecular. mechanlsms
of druq receptor interaction and the final response, two prerequ131te
steps are esgential: first, the iaclatlon/solubllizatxon ‘of the receptor'

from its memhrane bound form into a solubilized form, ‘and second, to haye ‘

"it purified.

4

Membrane prbteins'exist in nature at the 1nterface between a -
phospholipid bilayer and the adJacent aqueous medium. It has been

thouqht that the protein assoc1ated with the memhrane can be roughly

tc1a551f1ed 1nto two categor1es the peripheral or - extr1n51c and the

integral or intrin31c. -The peripheral prcteln can easzly,he dislodged

from membrapes either by chelating agents or by a change in ionic

. strength.or pH without dissociatihg.fhe lipid matrix of the membrane.

These proteins are presumably bound by polar interactions tq‘ﬁhe other

protein or lipids in the membrane (for review Helenius and Simon, 1975).

On. the other hand, the intrinsic proteins are tightly bound to the

membrane and cgn only be solubilized by disrupting the memhrane with an
organic solvent or a detergent. These proteins have been suggested to
have an amphiphilic strueture‘(Tanford and Reynold, 197§).

The neurotransmitter receptor proteins are intrinsic membraee

bound'proteins. Solubilization of these proteins can be defined.as a

."conversion'of the complex membrane system into a8 relatively simpler

state ‘without disruption of its functional characteri?tic" (Taqford
andReynolds, 12&&). In order to achieve this, a solvent medium must be

able to simulate  the natural ‘environment of the :protein at the
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lihid/aqueouS'interface. In most instances, this goal can be met by the

use of a suitable deterqent or a comb1nat1on of detergents as‘a_

-

solub;llzing agent. , o . |
neterzents: By deflnltlon deterqents are a spec1a1 class of lipid

‘contalnlnq polar and apolar qroups, i. e they are soluble amphlphlles

(possess1nq both polar and non-polar mozetles) whlch -above a criticalsﬁ

concentratlon and temperature form .micelles (compact'aggregates with
apolar groups sequestered in the centre and polar group.facing outwards).
The solubllzzlnq effect of detergents stem from thelr anphiphilic
character whlch enables them to 1nteract w1th both hydrophlllc andi

11poph111c re01ons in an essentially dlsruptlve fashion, hut not a

denaturing one. : 2

-

The Critical Micelle Concentration {CMC) : CMC is very important ip

" detergent solubilization, and is deflned 45 the narrow concentration

range of the surfactant below which no mlcelles are detected and‘abose
which.all additional surfactant form mlcelles. Jonic snrfactants often
have hlqher CMC values th 0 those of thelr non~ionjc analogues, The CMC
of 1on1c detergents can be reduced by 1ncreas1ng the counter jon
concentratzon with sodium salt (Shackland, -1970). This ig mainly due to
the reduction ot the electrostatic repu131on between the head groups
allowing assoclatlon at a lower monomer concentration. The effect of
temperature between 0°C and 37°C on  the CMC of the ionic surfactant is

falrly small, but there ,és s1gn1f1cant lowering of the CHC of the

1975). ’ Appropriate detergents capn fully substitute for nembrane

phosphollp1ds (phospholipid simulation) apg can offer the same local



environnent to the protein as a phosph011p1d b11ayer.”‘ .

. The choice ot a detergent for the solubilizatlon of a memhrane
receptor proteln at Present is rather emplrlcal. Among the detergents
most widely used in memhrane neurotransn:tter receptor soluhllzzatlon and

‘reconstitution are sodlum cholate, deoxycholate, zw1tterlon1c detergent

-CBAPS d1q1ton1n and octyl—glucoside., These detergents have thus far

proven to ' be ‘the most effectlve in soluhillzlng .many functlonal
neurotransmltter receptor s1tes, (For rev1ew; see ._Hjelmeland -and
f_ Chrambech 1984) : Ionlc detergents (e.g. - cholic acdd)" form small
m1ce11es in " aqueous ‘media and are capable of  solubilizing large
-quantities of ; phospholipids 'hy_ forn1ng mlxed micelles with then
(Lichtenberg.gg_g;., 1583).‘~_;:;i>

1.9.2 .Solubdlization Criterie-of Specific Receptor Site

To assess that a specific receptor site has been solublllzed

certain blochemlcal and morpholog1ca1 cr1ter1a must be satisfied. These
crrterla have been put forth by Laduron and TIljen (1982) and a modified
form is 'presented in Table 3a,b. These cr1ter1a if satisfied will help
in d1fferent1at1nq the membrane hound state from the soluble state of a
receptor. Non—sed:mentatlon at 100, 000 g for 60 nin represents the nost
important criterion for solullnl:l.zatmn‘.‘ However, when a‘hlgh salt
concentratron is ~used as a solubilizing agent, the density of the mediun
becomes so high as to prevent certain membrane elements from being spun
down, In this situation, membrane-like structures may still ramaln in
the solution or above the solution and may’ 1ead to the false impression
of solubilization (Laduron and Ilien, 1982). " Along with this criterion

and others ag described in Table 3a for solubilization, it must also be

41
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2.
3.
4.

5..

6.

TABLE 3

Criteria of Solubilization of Specific Brain Receptors*

 a. Operational criteria éo assess receptor solubilization

Lack of sedimentation in low density media (100,000 ¢ for 60 min)
No retention on small pore size filters (millipore 0.22p)

Bigher retention on gel filtration than membranes ‘

Lower. sedinentation coefficient than membranes

Disappearance of lamellar membrane structure under electron |
microscopy . . .

Decrease of thermostability

L4

b.” Criteria of réceptor specificity

1.
S 2.
3.
4.
5.
6.

7.

8.

B

. Regional distribu;ion

High affinity : - -
Saturability

Reversibility
Stereospecificity

3

Drug displacement (agonists and antagonists belonging to

different chemical and pharmacological classes)

Correlation between drug affinity in solubilized and membrane
preparations .

Correlation between drug affinity in vitro and pharmacological
potency in in vivo

- —

. . 7 !
* Modified from Laduron and Ilien, 1982.
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ascertained that the soluhzlized receptor proteln sat1sf1es all the

" receptor bzndlng characterlstlcs as measured w1th in_vitro radiolabelled

binding techniques. These characteristics. are’ llsted in Table 3b. 1In

_the 36lubilized forn a particular receptor must exhibit the same

pharmaco ogzcal characterzstlces such as. aff1nity, specificity,
saturability, stereospec1£1c1ty and reverszh111ty as the membrane bound
receptor.  Furthermore, these receptors nust satisfy the regional
dlstrlhutlon in the brain and the drug displacement curves must correlate
with their pharmacologlcal and clinical doses.

1.9.3 Soluhilization of Dopamine (D—2). Receptor (R review of
llterature) e . '

In the past few years, several 1nvest1qators have reported the
soluhilizaéion of [“H]butyrophenone hind1ng sites. Inltxally, Gorrisen
and Laduron (1979) employed 1% digitonin treatment to dog striatal
membrane followed by ultracentrifugation. With this technique, they were .
able to solubilize ¢he D-2 receptor ﬁhich retained simiiar affinity and

specificity to that of the membrane bound receptor. Similar findings

have been reported in other species, as in rat {Gorrisen et al., 1980},

and human striatum (Madras et al., ' 1980). However, by this

"solubilization procedure the yield was very 1low (< 20%, Lerner. et al.,

:1981) and also has given a very high nonspecific binding. Furthermore,

it has also been reported that solubilization with digitonin has changed
some of the -pharmacological characteristics in sonme species e.g. loss of
stereoselectivity and a change in the affinity for butyrophenone
antagonists in bovine striatum (Madras et al., 1982).

In recent vyears, various laboratories have attempted to use

different detergents to solubilize dopamine p-2 receptor, e.q.
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. lysolecithin (Lerner et al., 1981), lubrol | (Hlthey et al., 1981) and a

zwitterionic detergent CHAPS (Lew and Goldsteln, 1981, 1984). ~ In these
detergent solubilzzatzon procedures, the vield and the reproducibility of
2 solubilized material still seemed to be.of concern, (Lerner et al.
1981). Clement-Cormxer and Kendrick (1980) have reported solublllzatlon'
of dopamzne receptors with 50% {w/v) RC1." Bowever, at thls point it is
not clear whether they actually have solubilized the receptors or. have

simply suapended the membrane fragnents 1nto a thlck solution (commentary

v

" by Laduron and Ilien, 1982)

In this thesis, an eff1c1ent Procedure has been developed for the

solubilization of a dopamine D-2 receptor. The new method of cholic

“acid: NaCl solublllzatlon wvas 2-3 tlmes more effectlve in solub11121ng

.dopamlne-D -2 receptor (Ramwani and Mishra, 1983) than the other methods.

This nethod was equally effective in solubilizing the striatal

‘dopamine~-p-2 receptor from different species e.g. human, rat, dog and

bovine (Ramwani anq Mishra, 1983a). Similar'findings have also been

reported from other laboratories (Hall et al., 1983 Wouter et al.,
1984). Furthernore, by this method, it has also been demonstrated that
Solubilized receptor from the hovlne striatum have retalned hlgh afflnrty
dopamine receptor binding sites, the receptor-Gi proteln complex {Kazmi

et al., 1986).

1.10 Purification of Neurotransmitter Receptors

In generel, purification of nmembrane bound pProteins involves a
cascade of steps, each with a number of inherent problems. As mentioned

earlier in this section, the first and foremost step is to solubilize
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these proteins from the membrane rith the help of detergents or other
aoents.- Once isolated, thege proteins, in many instances, lose their
- biological activzty vhich nay be due to a loss of co—fac:ars;or
associated phospholipids, without which the 901etilized proteins may not
express their biological activity. Furthermore, the memhrane'proteins
_which are not involved in the frame-work structure are generally present
in minute quantities. This is especially true with the membrane bound
neurotransmitter receptor protein.
| All the above reasons have generated the design of the SpECIflc
chromotoqaphic methods necessary for purification of the essential
components of the cell membranes. Affinity chromatography has been the
preferred ;method amonqet all othet chromatographic'techniques for the
‘purification of enzymes and nany membrane hound proteins (Lowe, 1979).
Affinity chromatography is an  extension of adsorption
chromatography, which involves a . complex set of Van der Waals,
hydrophobic; steric and electrostatic forces for binding of affinity
ligands to the proteins to be purified (Turkova, 1978). Tt exploits the
unique biological speciticity inherent in.a 1igand-protein interaction.
‘ This ligand.\could refer to a substrate, product, inhibitor, coenzyne,
allosteric effector or any other molecule that interacts specifically and
reversibly with the ‘protéin to be purified. Affinity chromatography
‘requires the covalent attachment of a ligand to an insoluble and stable
matrix, packed into a chromatographic bed. When the mixture comprieing
several proteins is applied to the column, only that protein which
displays appreciable affinFty for the ligand will be retained and the

remaining protein ﬂhich do not show the recognition will pase through
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Clearly, this technique.ccc be_applicd wherever‘a specific interaction
' occurs htheeﬁ any two hidlogical‘molecules.

-This technique 'has 3 -number of inherent advantaqés over the
classical hethods of protein pﬁrification (reviewed by Lowe, 1979).
Fifst; it iavolves a design and,ccnstruction of an adsorhent‘specifically
suitable for the Protein to he purified. Secondly, it Ppernmits a rapid
separaticn of the desired protein from inhibitors‘and contaminants.
Thirdly, in Dany instances it can lead tg a3 “single stcp" purification of
a protcin byl several_.thousand*folds. Finally,f fhis technique is
especially suitable for the isolation of 2@ protein present in minute
quantities, . g;g; neurotransmitter receptor protein. Since this

‘chromatographic pProcedure involves 3 specific selection of matrix, ligand

are available (Turkova, 1978; Trayer, 197s; Lowe, 1979), The essential
requirement of 3 successful affinity adsorbent are the‘following: a) fhe
matrix - The solid support tc. which the affinity ligand couples isg
generally 4 cross-linked polymer routinely referred a8s a gel. Almost any
macrcmoleculej synthetic or natural may form a gel in a suitabple liquiq
when cross-linked with a bifunctional reagent: This gel or insoluble
Support must possess certain characteristics: (1} it shoulg form a loose
Porous network which may permit the uniform entry and exit of a large

L N
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.macronolecula. The ease of penetratlon of the macromolecule through the

- gel determines the concentration of the ligand freely available to the ‘

fnacromolecule. 2) The gel ‘particle should he uniform, spherical and
rigid. '3) The gel matrix must be chemlcally inert, so as to minimize
" the non—specltic adsorption. 4) Finally, the gel must be phys:cally and
chemlcally stable to the ccnd;tlon enployed for covalent coupllng of the
selected 11gand and for the .adsorptlon and suhsequent elution of
complementary molecules. .
. b) The lligand' - The ligand should exhlblt specific and reversible
binding afflnlty for the proteln to be purified. It should also possess

chemically modifiable .groups vhich allow it 'to be attached to the gel

o ,___withqut—destnoying ~its—binding specificity to the protein. It is

important to ccnsider the region of the ligand that is attached.to the
' matrix. The ligand should be coupled via the group least-likely to be
involved in its specific biological interaction with the molecule to be
isolated. Finally, the linkage should be stable to the conditions likely
to be used during the chromatoqfaphic procedure including the recycling
for repeated use of the gel.

c) Spacer‘ arms - The spacer arnm beeween the matrix and ligand
facilitates the effective pindlng of the ligand to the.protein. It sets
the li&and away from the metrix S0 as to make it more accessible to the
protein to be purified’ The compounds most commonly employed as spacer
nolecules are linear aliphatic hydrocarbons with u—terminal'functional
groups providing points of attachment to the ligand (Lowe, 1979). The
length of the Spacer arm is critical. TIf it is too short, the acm is

ineffective and binding capacity becomes negligible., If it is too long,

r



non—specitic ‘eftects hecone 'pronounced ~reducing the selectitity.fof
. aeparetiona‘ Hany affinity adsorhant natrices either "actir;ted" or‘with ;
. spacer arms ares connercially aveilahle. It should be p01nted out that
'the affinity system is a specifically des:qned system for a specificf'
protein purification. It is a "trial and error" that -optimizes the final .

yvield of puritication -folds, |
1.10.1 Literature Review on Purification of Neurotransnitter Receptor3°
In order to elucidate the B molecular mechnisns ¥hereby a
neurotransnitter alters‘ the: signal transduction, it .is essential to
isolate end purifp the receptor protein. Although high affinity,
rever31h111ty and specificity of a neurotransmitter-receptor interaction
nake affinity chromatography an attractive method for purification, yet,
except for a few, not much progress has beenl reported towards the
purification of neurotransmitter receptors. The major hinerance seens to
be the minute quantities of these receptors present in a given tissue
source (Caron et et al., 1979). The greatest success in this area has been
with the purification: of a nicotinic cholinergic receptor from the
electric organ (source of Ach receptor) of various inrertebrates
(revxeued by Heidmann and Changeux, 1978). - Several 1ahorator1es have
isolated the protein suhunits of the Ach receptor and reconstituted into
an artificial lipid membrane capable of mediating sodium - flux in a
fashion similar to the membrane bound Ach receptors (Briley and Changeux,
1978)'. The other heurotransmitter which has heen purified extensively is
B—éqrenergic receptor. This . receptor has been purified to homogeneity
and its neurotransmitter binding site thas bee;) identified and

characterized (Caron et 'al., 1979; Shorr et al., 1981, 1982). This

€
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purrfied receptor has also heen reconstltuted in Irprd vesrcles and

“euhsequently heen fused with - the adenylate cyclase of Xenopus laevis '

erythrocyte (Cerione et et al,, 1983).- Recently, some progress has been"-
reported in puriflcation of other neurotransmltters e 8.g. Oy (Graham et
al., 1982}, B (Regen ot et al.,, 1982), adrenergzc receptors, and muscarinrc. ’
cholrnergzc receptor (Haqa and Haga, 1985) However, so far, there is no
single report in the 11terature on . the substantlal purlflcatlon of the
dopamine recéptor._‘ Prellmlnary f1nd1ncs on purlflcatlon of the dopamine
hxnd1ng protein have recently been reported (Moroi and Hsu, 1984)
However,' it was only a  four-fold purlflcatlon angd detazled
characterazatlon of this protein as a D-2 receptor was hot estahllshed in
the report. '

’

1.11 Aims of The Thesis:

In the past two decades maJor impetus was given to the f1e1d of
dopamine p-2 receptor research. This reohptor has been characterized and
1mp11cated in ‘warious’ neurologlcal and psychiatrie dlsorders. At the

start of this project in 1981 the memhrane bound dopamlne-D-Z-receptor

has been - -characterized frop the dlfferent regions of brain and. also from

the different Species 1nc1ud1ng post-mortem human hrain. Theh
pharmacological specificity, afflnlty and behavioural correlations of p-2
hindihg sites have alse heen established, However, molecular
characterization of the receptor ang events leadlng to the final responsel
have not Yet been understood. The logical approach to studyﬁthese _events
¥as to isolate the receptor fronm membranes. and purrfy it from the rest of

the proteins and study it in the 1solated form. Henceforth the specific
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T spec1ficity and stereoselactivxty) of the solublllzed receptor and:__

: alms tor the thes1s were.as tolloua' '

a) To establ:sh an. etficient method of soluhlllzatxon for the hov1ne

_ strlatal dopanine b-2 receptor.,_

' b)' T determzne the pharmacological characterlstlcs (affinity'

estahl;sh the D-2 receptor blndlnq characterlst1cs of . the soluh1112ed

' preparation.

c) To examine different detergent solublllzatzon procedures in var1ous.

- Species ‘and compare thelr effectlveness 1n solub11121ng strlatal dopamine

. -2 receptor.

d) To estahlxsh an aff1n1ty chromatographlc procedure for the
pur1£1cat1on of bovine striatal dopamlne ‘D=2 receptor.

a) To pharmacologlcally characterzze the purified receptor and
demonstrate its s1milar1ty to the membrane hound or solubilized dopamine

D-2 receptor.
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2.1 Haterials ‘ . '_ ';
' General Chenicals | | |
The followinc chemicals were purchased trom Sigma Chemical
Company ' {st. Louis, HO ). _ Trlzma base, K L-ascorbic acid,
DL—dithiothrietol : hevine .serum ‘albumin, bovine brain total lipid
_extract, soybeqn ¢rude 11p1d extract, 1,4, eefanedioidiglycidél éither,
- sodium borohydrlde, pélyethylene glycol (6000); hofiee gamma globulin,
and Sephadex G-50. Coomassie blue reagent kit for proteln assay wvas
purchased - from BioRad Laboratories (H1531ssauga, Canada).‘ Sepharose
“ CL-6B was obtained .from Pharmacza Chem1cals (Montreal, Cenada) Other

a

-chemicals uSed in the present study were of standard or analytical grade
and purchased fron commerezal sources. . Buffers and solutions were made
in deionlzed dlstilled water. .
Detergents: CEAPS and cholic acid were purchased "from Calbiochem
(Ladolla, California). Lysolecithin and digitonin were obtained from
Eisher {Toronto, Canada) and’siqma Chemicals respectively.
Radioligands: The radioligands used in  the present‘ study,
[*H]) spiroperidoil, [3B]haloper1dol and [*HINPA were burchased from New
England Nuclear (Boston, Hass ).
gggqg; The followeng unlabelled drugs were generous gift;5 haloperidol
(McNeil, Canada); spiroperidol‘ domperidone, ketanserin and R5260
(Janssen, Belgium); NO343 (Nelson, U.S.A.); SCH23390 (Scherlng, u.s A }y;
SK&F 38393 (Smlth Kline and French U.5.4.). N-propylnorapomorph1ne
(NPA), (+) and (-)-butaclamol vere obteined,feom Research Biochemical

Inc. (Wayland, MA) and dopamine, apomorphine, phentolamine and
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‘propranolol were from Sigma Chemicals,

'All dopanine aqonists vere d1ssolved in 50 nM Trls - 1 oM EDTA

?"
bufter conta1n1nq 0 1t ascorb1c ac1d (pH 7. 4) Tho antagon1sts ‘were

l!irst'dissolved 1n.20 nl 50% acatic acid and then workang concentratlons

\

.Were made with assay bufter (50 mM.Tris, 1imM EDTA; pH 7.4). nl;.Qruqs.

were prepared just he!ore use.

Tigsues- - Fresh bovine brains (wlthzn two hrs. of sacrifice of the

,.._._

anlmals) were ohtalned from Fearman and Company, a local slaughter. house.

-

‘.Kuman bra1ns were ohtaaned post-mortem, Wlthln 12 hrs, from 1nd1v1duals

Hlth no previous neur01001ca1 or psychiatric hlstory. Normal Wlstar rat

brains and canins brains were obta1ned from the animal quarters of our
1nstitute. The striatal tlssue was removed hy standard disseéction

techniques and stored at -7¢ec until’ further use.

2.2.1 Membrane Preparation:'- Frozen striatal tissue from different
species was thawed slowly . at 4o¢ and weighed. Tissues were cut into
small pieces and homogenized in 10 vol. of (.25M sucrose at do¢ using
teflon glass homogenizer with 20 strokes of tight fitting peatle. The
homogenate vas centrzfuged at 1000 g for 10 min. in a Sorvall RC-5
centrxfuge. The supernatant was saved and the pellet was resuspended in
10 vol. of sucrose solutlon and recentrifuged at 1000 g for 10 min. The
supernatants from both centrifugations were collected and centrifuged at
100,000 ¢ for 1 hr. in a Beckman ultracentrifuge. The resulting P2-Pg
(mitochondrial-dicrosomal)'pellet waSIWashed in' 50 mM Tris - 1 oM EDTA

buffer, pR 7.4 (30 vol.) and centrifuged at 30,000 for 20 min. The
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BINDING ASSAY WITH , ¢
[ 5} sprrorERTDOL

FIGURE 3: Flow Diagram for the Solubilization of Striatal Dopamine

D-2 Receptors. !
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final washed pellet was suspended in two vol. of the same buffer and
frozen at -70°c until further use. ’ Hemhranefpreparatiqn steps are
described diagrannatically in Fiqure 3 . The prepaeation‘ was stable'oief '

2 one month perlod at -70°c. ' ' ‘ : . L

B 2‘4;1 ‘ Binding Assaz in the Kenbrane. ‘The blndlng assay for the P2-Pa

aRembrane fraction was performed in 50 mM Trzs-lmn EDTA buffer, pH 7.4
{(assay buffer). The membrane preparatzon was dzluted 1:10 with assay
buffer to give a- fznal proteln concentratlon of 0.8 - 1 mg/mil.

[°H]sp1roper1d01 was used as a radzoligand in most of the studmes. In

- some experiments, [°H]NPA was used as a radlollqand to 1dentify the hlgh

affinity binding sites. [3B]sp1roper1dol dllutlon wvas made in assay
bu!fer. [?HINPA solution eas prepared in the .same assay huffer, except
that it also contained 0. 1% ascorbic acid and 5 mM MgClz. Ascofﬁic acid
-prevents the oxidation of NPA, and NgCl. helps to retain the high
affinity binding sites, The bindinq~ assay was performed in 12 x 75 mm
glass tubes in triplicates in 1. 0 ml vol. Non-specific binding was
determined a in parallel assay in the presence of 1 uM +)-butaclamol.
The incubation was carried out either at room tenmp (22°C) for one hr. or
at 4°c for 16 hrs. The bound ligand. was separated from the free ligand
by filtration using GF/B fllters (Hhatman) The filters were washed wWith
4 x 2.5 nl, 50 nM Tris buffer, pH 7.4%at 4°C and then counted with
aquasol in a Beckman scintillation counter. ‘The Specific binding is’
defined as the difference between counts bouagl in the presence and
absence of 1uM (+)-butaclamol. The buffer blanks under the assay
conditions gave no specific binding. The total binding in the blank was

less than 10% of that obtained with the membranes.



2.2.2 301uhilization of - Dcpunine D-2 Receptor- The Pz-Ps memb:ane

f'fraction waa soluhillqu by various deterqents. - S - =

nigitgg;p Solubilizatgon. Sqlubilizatzon thh d1g1ton1n was carried out

essentially by the ‘method of Hadras et al. (1980). The menbrane
suspension was d;luted in 0 1 N phosphate buffer, pE 7.4 and -
concentratlon adJusted to 3-4 ng protein per ml and soluhxllzed with 1 0%
dlqltohin final concentrat1on '{dlgiton1n was dissolved by warmlng
d1giton1n suspen51on in hot water) The extractlon' tlme w;th-d1g1ton1n

was - 30 min at 4°C. A clearfsupernatant was obtained hy‘centrifupation at

100,000 g for 60 min. The soluhilxzed material was used immediately for

[3H]sp1roper1dol b1nd1ng. o i o _
ngo;ecithin SOIubilizagion: "It was éar:ied out accordih§ to the method
of Withey et al. (1982). ﬁemb;ane P2-Ps - suspension was . diluted with 50
oM Tris, 1 mM EDTA buffer, pH 7. 4 to the concentration of 3-4 mg/ml

protein and mlxed with 0.2% 1ysolec1th1n. The mixture was agitated for

30 min . and centrlfuged at‘100 000 g for 1 hr. The clear supernatant was

collected and used 1mmed1ately for the binding assay.

Cholic Acid Ammonium Sulfate Solubilization: It vas carried out wiph
some modifications to the previously published Procedure fronm fhis
laboratory {Varmuza and Mishra, 1981), Briefly, striata were homogenized
in Trls~Haleate—BDTA-Hq buffer, pH 7. 4, solubilized with cholic acid and
simultaneocusly preclpltated fractionally with varying concentrations
(31-49%) of ammonium sulfate. The 49% ammonium sulfate precipitate was
collected and suspended in 0;05% egyg lysolecithin-?ris—EpTﬁ buffer pH
7.4. This solubilized preparation was either used immediately for

(3E]lspiroperidol binding or stored at =70°C for future use.

Ay
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Cholic Acid - Nacl Solubilization: ' It was carried out by mixing equal

volunes of the Pz-Pa (nitochondrial-microsomal) preparation and cholic
acid-sodium chloride mixture to ' give a- final concentration - of 0. '25% .

cholic acid - 1 ¥ sodium chloride and 5-7 mg of protein in the

‘suspension. Phenylmethylsulphonyl flouride (0.1 mH. dissolved by warming

in a boiling vater bath) as a protease inhibitor, 'and 0.5 nN
dithiothreitol were inéluded during soluhilization. ~ The suspension was
agitated for 1 hr. at 0°C and ceqtrifuged at 105,000 ¢ for 60 min. The
clear supernatant was collected and diluted 1:3 with 50 mM Tris - 1 mM
EDTA buffer for binding: studies. " This method is diagradmaticallf

outlined in Figure 3.

- .2.2.2.1 ‘Bindinq Assay tor SOIubil zed or A#finity Purified Preparation:

The solutions of [SH]ligands and drugs were Prepared in the assay buffer
(50 mM Tris 1 mN EDTR buffer pH 7.4) and added to 12 mm x 75 mm glass
tuhes in triplicate. The total binding of [3B)spiroperidol to
solubilized or affinity purified receptor was determined in 1.0 ml assay
mixture containing 1 nM [®Hlspiroperidol. Nonspecific binding was
determined 1n parallel assays in the bresence of 1 ¥ (+)-butaclanol. The
1ncubation wag carried out at 4°C for 16 hrs. At the end of incubetion,
the bound ligand was Separated from the free by a dodified polyethylene

glycol (PEG) precipitation method (Cuatrecasas, .1972). Bovine gamma

' globulin was added to each tube (0.01% final concentration) followed by

immediate precipitation with  PEG 6000 (10% final concentration). The
contents of the tube were thoroughly mixed and placed on ice for 10- -15
min. The suspension ' wag then filtered through GF/C filters (Whatman)

under a low vacuum. The filters were washed with 4 x 2.5 nl of 10% PEG
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Epoxy Activated Sepharose 163 + Haloperidol

DMF +'th12 Reaction time 20 hrs.
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FIGURE 4:° Flow Diagram of the Af finity Purification of Bovine

Striatal Dopamine D-2 Receptor



1n 0.55 M Tris hutter, pH 7. 4 at goc¢ and then coagted in Aquasol u31ng a
Becknan scintillation counter.

In ,aona axper1nents, [PHINPA was used as ‘a rad1ol1gand to
deternine the high atflnity binding sztes. [3H]NPA solutlon ¥as prepared
in aaaay buffer contain;ng 0 1% ascorb1c acid and 5 m¥ HgClz.

cw T 2203 At!initz Hatri;ﬁ?reparation

2.2.3.1 Preparation of Epoxy—lctivated Sepharose-CLGB Epoxy-activated

Sepharose CL-6B was prepared according to the method of Sandberg and‘

Porath (1974) . Routlnely, 30 gm of Sepharose CL- 6B was washed Hlth Hz0

and mixed with 30 m] of 0.6 N NacCH containing 2mg/ml sodium borohydride:

and 30 ml ‘of hlsoxlrane, 1,4 butane diol dlglycldylether and the reaction

was carried out at 25°C for 8 hrs. using a rotary flask. Under these.

condltlons, one end of the bisoxirane ig attached to the Sepharose CL- 68
‘and the other -apoxide end is avallablg for coupling to the ligand.
Normally, 10-15 micro equivalents of the epoxide grounn Were attached to
,\1 nl of wet Sepharose CL-6B gel as determlned by acid-base titration
(Sandberg ang Parth, 1974). This epoxy-actlvated Sepharose wag then
coupled to haloperidol under the conditions descrlbed below.
.- 2.2.3.2 Preparation of the Affinity Adsorbent for D-2 Receptor: In a
typical affinity adsorbent Preparation, epoxy-actlvated Sepharose (20 gm)
was socaked in delonlzed water and then washed on a 31ntered glass funnel.
The washed gel was acetone dried and equilibrated with dimethylformamide

(DMF).  The gel was then mixed with 600 mg of haloperidol (dissolved in

40 ml of DMF) and the coupling reaction was carrled out for 20 hrs. at

40°C in a rotary flagk with continuous qentle rotation. 2ZnClz (2.0 gm) |

was added to the reaction asg 3 catalyst. At the end of incubation period

< tan



60

the haloperzdol-coupled gel was. washed on a sintered glass funnel w1th 3

x 50 ml DHF excess water wzth acetate huffer, pH 4 5, and then with 50

. mM Tris buffer, pHE 7.4 contalninq 1. 0 M NacCl. This gel ‘wag finally

washed with vater and stored in 0. 01& sodium az1de. In some experiments

.[aﬂlhaloparidol was added to the teaction mixture for the estlmatlon of

haloperidol coupling to the gel . The preparation was_ stable without

leach1ng over a one-month period. | \ o

2.2.4 Affinity Chralatgggaphz: Routinely, iO el of gel ﬁas packed into
a 0.5 x 30 ¢m column and equillhrated*with 50 mM Tris ~ 1 nN ETDA buffer
containing 0 15 H NaCl, 0. 02* choelic  acid at pH 7 4 (equlllbratlng

buffer). Approx;mately 40.0 ml (3-5 pmol) of soluh11ized receptor was

' loaded at 4°C at a flow rate of 1.5-2 ml/hr, and the column was washed

with 5 vol. of equilibrating buffer at 20 ml/hr. The column wés elutgd
with SO nl of equilibrating buffer containing 500 nM spiroperidol and 0.1
ng/ml bovine brain total 1ipi& extract (Sigma) at a flow rate of 5 ml/hr.
The lipids were found ‘to stahilize- the receptor activity. The eluting
ligand was removed either by extensive dialysis or by concentrating the
eluate with Centriflo cfzs cones and then desalting it on a Sephadex G-50
column. The reéeptor acti&ity of the desalted fraction'was assayed by
the [3H]spiroperid01 bindihq. The affinity chromatography steps are
sumparized in the flow diagram (Figure 4).

2.2.5 Protein Determination: In the membrane preparation, protein was

determlned by the method of Lowry et al. (1951). In the solubilized
preparatlon, protein was deternmined by the method of Bradford (1976).
During affinity chromatography protein absPrbance of the flow-through

fraction was monitored continuously at 280 nm with LEB-Uvicord SII
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monitor eyeten.“ In addition, protein concentratlon was determlned by the
_'nicro aaqpy based on the Bradford method. The sensitivity of this method
was tound to be at ¢ 1.0 g ot hovine serum albumin. In some afflnlty
puritied fractions, protein concentration was est;mated either by the
‘.amido-black sta;ning procedure of Schaffner and Welssman (1973) or by

arino acid analyais. In: amino ac:d ana1y31s procedure the affinity
-purified fractxon was hydrolyzed in 6N HC1 for 20 hrs at 110°C in vacuo
and amino acid analysis was pérformed with 2 Beckman 6300 amino acid
analyzer. 5-2 amlno ethyi—L-cystelne was used an an internal standard.
The recovery of the amino acid was determlned by . runnlng in parallel

known concentratzon of alhum1n.

2.2. G Preparation of Phospholipid sesnension: Bovine brain total lipid

. extract or soyabean crude phosphatidyl choline was used in the present

study. Routinely, 100 mg of the lipids were suspended in 10 ml of the
equlllbratlng buffe; of the afflnlty column and then vortexed until
large particles d1sappeared. The tubes were flushed with nitrogen for 30
seconds and sonicated to clarity (approximately 30 min.) in a bath type
sonicator. The sonicated 1lipids (10' mg/ml) were then suspended in

equilibrating buffer to adjust the final lipid concentration to 0.1

" mg/ml. ‘

\
L]

2.2.7 Target Size Determination by Radiation Ifactivation: The

molecular size of dopamine D-2 receptor was estimated\Ahy target size
"analysis using radiation inactivation with some modification to the
procedure by Lo et al. (1982). Under appropriate conditions, the
molecular size determined by this method is the size requlred for the

funetional activity of a protein. It could represent the oligomeric size



of the nulti-unit suherructure (Jung, 1984). With this method,

functional size ot a protein can be determ;ned in a membrane bound form
and ‘can also be conpared wiﬂp the soluhillzed prote:n. The prznciples of
this nethod are dﬁicribed elsewhere (Pollard et al., 1951 Lo et_al.,
1982, -Jung, 1984) and are hased upon the observatlon that a relationship

exists between a dose dependent inactivation and a tunctlonal size of

., macromolecule or prote:n. The biological aotivity of a protein can be

destroyed by a.single "hit" of high energy radiation occurrinq at its
molecular size, and this concept referred to as the "one target - cne hit
theory of radiation inactivatlon" (Pollard et et al., 1951).  In the present
studies, the freshly prepared (mitochondrial—microsomal) membrane
suspension or the cholic acid: NaCl solubilized preparation were frozen
in an aduminum tray under'liquid nitrogen. The depth of the sample was 1
to 2 mm. The frozen samples were stored at -70Q°(C, transported to Buffalo
N.Y. in closed, plastlc bags on dry ice and then irradiated at -45 to
-65°C with a 0.5 mA beam of 1.5 MeV electrons produced by a Van' de Graff
generator (Jung, 1984). The control samples were  not irradiated, but
otherwdse treated identically. The radiation dose wasl measured at the

radiation temperature with the bleachinq‘ of blue cellophare. The

following enzyme nmolecular weight standards were also irradiated:

Pyruvate kinase, molecular weight, 224,000 daltons (Lo et al., 1982},

yeast alcohol.dehydrogenase, 160, 000 daltons (Lo et al.,’ 1932), and

galactose oxidase, 68,000 daltons (Kosman et_al. 1974). The assays for
standard enzymes were performed according to the established procedures
(Lo et al., 1982; Kosman et al., 1974). The samples after irradiation

were stored at -70°C until assayed.



[°HISpiperone binding assay was performed as described earlier 1n
this section. ‘Por determination of [SB]spiperone binding, the .trays were“
first waraed “to room temperature and then diluted to -a proteini
concentration of 0.8 nclnl. The inactivaticn data of the dopamine b-2
receptor as well as the standard enzymes in each experiment were computed
R as percent control (no radiation) and then theddata were pooled from 4-5
‘such experiments and plotted as percent residuel activity vs. radiatr?n
dose in Mrad. Linear least square regression analysis was used in all

the cases. The values of D37 (dose in Mrad required for 37% .

finactivation) vere computed from the slopes of such plots.



3.

RESULTS

64



s
'

. .65, .

3.1 ve_So . Y l‘_ ,. Dif!erent

In order to obtain an etfective eolubilization procedure, various
“}detergenta at  different concentrat:ons and comhinatlons werevexamined to
:solnb1lize the striatal dopaﬁine n-z receptor from four dzfterent speczes‘
_(Table 4) . Amonq a11 the detergents - %ested, ,cholic “acid:’ Nac1
combination yieided maximun eolubilization £;‘a11 the different specles'
exanined. The Tecovery of the b1nding sxtes were 45% in bov1ne, 25% in
can;ne, 26% in human and 30% in rat strietel membrane preparatlons. Thxs'
recovery vas signi!;cantly hicher than any other detergent or the1r 
conhlnations. One perceat digitonin y:elded less than 20% recovery-of
binding emtes‘ among all.- the species. ‘Chormc ecld alone yielded the
recovery of only 8-10% of the [3BJspiroperidol hindinekwhen compared with
‘the membrene. ilso, the percent e soecific bindinq of [3H]spiroperidol

with cholic ecid: NaCl pﬁpce ure  was much higher than other

solubilization methods. ~It was 85% in bovine, 62% in ' canine, 65% in

human, and 62%Ain rat striata.

3.2 The Solubilization Criteria of Dopamine Receptors
T eenasnln triterda of Dopamine Receptors

Striatal dopamine D-2 receptor solubilized with cholic acid: NaCl
. satisfied the criteria of solubility as described by Ilien and Laduron
{1982). There vas no sedimentation on centrifugation of the solubilized
preparation at 100,000 g for 4 hrs, and filtration rhrough GF/C rilters
demonstrated no loss in the binding ectivity. Sucrose denslty gradient
{15-30%) produced one major peak with - naximum [*H)spiroperidol b1nd1ng

(Figure 5), There was no sedimentatmon at the bottom of the tube on



) |  TaBLE 4
v _ Comparative Solubih.ty of Dopamine D-2 Receptors of
: 2 -Striata- from D_itrarent Species by Various Detergents
. ' . - , . % of ’\ .% of Binding )
Qs_pecies Detergent . Specific Binding -y Sztes Recovered.
SR e . ? | w
- Bovine 0.25% cCholic Acid - . 85 +.6.5 " 45 + 4.0
: + 1.0M NacCl , .
| 0.5%'Cholic Aeid 6545.0 - 15 +2.5
+ 49% Ammonium ) '
. Sulphate - .
1% Digitonin - .3p + 2.8 8 +12.0
1:5 Digitonin: 29 + 2.1 12 + 1.8
Cholic Acid ‘ . _ :
’p.zsa: Cholic Acid 25 + 2.0 .' 8 + 0.7
0.25% Lysolecithin 30 + 2.0 15 + 1{9
o ko |
Canine ~ 0.25% Cholic Acid ~ 62 + 4.5 . ' 25 + 2.0
"+ 1.0 M Nacl '
0.5% Cholic, Acid a5 + 3.5 ~ 15 + 1.8
+ 49% Ammonium C : '
- Sulphate | S
1% Digitonin " . | 35+ 3.0 11 + 1.0 ;
' Human * 0.25% Cholic Acid . | €5 + 4.2 - 26 + 2.2
+ 1.0 m NaCl® . AR Tk
‘ " E
e EA 0.5% CholicAcid - - §7 + 3.8 -—
: = ¥ 49% Ammonium . ’ o : . -
) oy e : . . , S . LY 4
' o - ) . : . Y
Rat -/ . 0.25% Cholic Acid . 62#%5.5 . 30 + 4.0
. . "+ 1.0 M NaCl . - g ) . -
ﬁ} "s lphate K
v . ~ : ' T ) ‘ : : . S
V. . Valliq‘s shown are‘the mean of tg1p11cate determ1nat1ons for 3-5 séparate
Y = experiments. oS .. : . :
. + . R -.. ) . . 5 ‘; LY e
4 " - q‘; --k 1 " M )
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ey )
Sucrose denaity gradient profile of bov:ne strzatal cholic

acid-Nacl [3H]spiroper1dol blndlng sites. The soluble

. extract was laye;ed-on 13 nl of sucrose gradient (15-30%)

butrered with 50 ‘mM Tris-BCl buf!er—pa 7.4 ‘containing 1 mM

EDTA, 100 oM NaCl, 0 05t sodlum cholate. Centrlfugatlon

- .

was carried out at 4°C in- a Beckman L50 centrifuge usxng‘

SV 40 rotor at 40,000 rpm (201,800 g) for 16 hrs.' A 250 ul
dliquot of each 1.0 ml fractlon was assayed for
[3K]sprloper1dol hlnding as described 1n methods. The

specxfzcally bound DPM are plotted on the°graph

(‘\__

2.7 . ~

67



DPM x 1072

6 8 10 12

Fraction Number

14

16 18

68



-69

density cenfrituqation,
fﬁﬁfSpiroperidoll has*iheen suggested bylinvestlgators (List and
Seeman, 1981) to label a small proportion of serotonin b1nd1nq sites 1n,'
the atrzatun. To rule out the possibility of seroton1n h1nd1ng in the
solubilized preparatlon 100 nM of ketanserln or - mianserin {potent -
serotonergic antagonists) were included in the binding assay in the first
few experiments and there was no significant effect on the

[3B]spiroperidol binding. Subsequent experlments vere carried out ip the

absence of any serotonin antagonist.

3.3 [3H] Spiro eridol Binding Characteristics of Solubilized/D-2
Receptor

The bindipg of [“H]spizoperidoi to the cholic acid: Nacl
solubilized ddpamine D-2 reéeptor vas saturable and was of high affinity.
The representative results from the bovine striata are illusfrated in
Figure 6. The saturation curve wag obtaiped by ineuhating solubilized
material with increasing concentrations (.05 M - 1 ni) ofA'
(*H]spiroperidol. .Saturation occurred at app;oiimately 0.6 nM. The
Scatchard analysis of the data indicated a straight lipe with a Kp of
0.30 n¥ and a Baax of 300 £ mol/mg prQtein. The values are inAclose
agreement with the memhf;ne preparation of bovine striata (Ko = 0.25 nM).
The Hill coefficient of these data ~indicated an apparent absence of
cooperatiye interection o; of bindipg to other receptors (Figure 7).

Table § compares the affinities (Ko values) and maximum b1nd1ng
sites (Bmax) of the D-2 recepto; in both the membrane and the solublllzed
Preparations from different spec1es. In all these species, the cholic

acid: NacCl solublllzed receptor exhibited good correlation in their

“ &

N
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| 3

Scatchard ana1y81s and saturatlon isotherm {ingset) of

[°R]apiroperidol hind1ng in bovine solubzlzzed Preparation.

" The [3H]spiroperidol binding was saturable at 0.8 nH

showznq a s1ngle class of b1nd1ng site witha Kp of 0. 30 nM
and a receptor density of 300 fmol/mg,proteln. Values
represent the ‘mean of trlpllcate determ1nat1on of an

experzment for three such experlments.
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“rigﬁra,T: The Hill ‘blot of [33]8p1r0p8r1d01 binding to the
solubilized bovine striatal  dopamine D-2 receptor. The
. plot represents the data from the saturatzon binding |
experiment shown in r1gure 6. The value of Hill

-

coefficient is 0.97¢ indicating independent binding of the

drug to the site with single affinity.
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TABLE 6

)

75

Dopaminergic Radioligand Binding. in the Bovine Striatal

[

Cholic Acid: NaCl Solubilized Preparation

Li&and . Total Binding : S‘pecif.ic Binding Percent Binding
- DPX ‘ DPX -
[*R]spiroperidol 3500 + 210 3000 + 160 b5+ 3.0
(100 nﬂ) 3 i .. ",:‘ ‘I“
[PHINPA binding - 2965 + 180 2275 + 200 T 7T % 5l
-{0.25 nN) : v e
. 25
D1 specific [3nH] ; ; 15::
Flupenthixol 455 + 50 95 + 10 20 + 2
binding (1 nM)
J

Mean values of 25 experiments.

LT

s s oy
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’

attinities with the nenhrane-houndy strzatal dopan;ne D-2 receptor. The'
uspecitic bindinq in these experiments was defined as a binding rema1n1nq
in the presence of 1 M (+)-hutac1anol. ' B .
Table 6 demonstrates the different dppaminerqic radioligand
binding in the‘bcvine_st?iatal cho{ic‘acid: NaCl solﬁbilized preparation.
Only dopamine D-2 speciric,radioliqgnds, spiroperidoi and NPA, exhibited
nﬁxinum percentage speéiffc binding ,(>75¥). The ddpamine' D-1 specific

ligands showed only zdi specitﬁc bihding.

3.4 SnaBiticitz of Dopamine D-2 Reéeﬁtor

The displacing potencies of various dopamlnerglc antagonxsts and
"agonist’ drugs against [3E]spiroper1dol (1 0 nM) binding in the
solublllzed and the membrane bound receptor azgong different species are
given in Table 7. The 1Cso0 values calculated by log prohmt analysis for
antagon1sts spiroperidol, haloperidol and. (+)-butaclamol and agonists
dopamine and apomorphine in the solublllzed Preparation are in close
agreement with the nembrane bound D-2 recep;:; among all species.

The detaile binding specifzclty of the bovine stQ}atal cholic
. acid: NaCl solubilized preparation is provided in Table 15. The order of
potency for the dopamlne antagonlsts {spiroperidol > (+)-hutac1amol >
donperidone o haloperidel) and - for the ‘aqonisfs
(NfA)N043d>apomorphine>dopamine) in  the soluﬁilizeﬁ Preparation was
similar to that ofsfhe ﬁembrane bound : receptor (Seeman, 1980). The
solubilized «r ceptor retained its. stereosel tivity for (+)- and
(=) ~butaclamol t ICso value for the form!;/$£\ 1000 fold less than

the latter. The dopamine D-1 agonist SKF 38393 and ‘antagonist/SCH 23390
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exuibitoo_-potencies inf.nicronolar aud ﬁiqh nanonolar oonoentrations
. respectivoly (ICuo value of SCH 23780 for D-1 receptor is <1 0 nN)..
ubn-dopaninorqic agents. ketanserin (serotonln ‘antagonist) phentolamine o]
antaqonist). and propranolol (8 antaoonist). shoned ICso value greater

than luM,

"

Bovane ~Striatal dopam1ne D-2 reoeptor soluhallzed with' chollc

acid: NaCl exh1b1tod the retention  of hlqh afflnlty bindlng s:tes as'

_ 'prev1ously reported in the memhrane bound dopamane D-2 receptor frdm the
hovzne anterior pituitary and striatup (Sibley et et al.,  1982; Kilpatrick
and Caron, 1983 Grlgoraadas and Seeman, 1985). These soluhlllzed hlgh
.affinity binding sxtes revealed szmxlar characterlstlcs as memhrane Bound
receptors. The high afflnity receptor sites are shown to be coupled to
the guaninpe nucleotlde regulatory protein.

To ascerta1n that the sites in the' solubilized preparation
represent the high affinity binding sites,_the‘followinq experiments
uere carried out, -

3.5.1 [E]NPA Binding

- Figure 8 represents the saturation isotherm of [BRINPA binding
which is a hlghlf( 'specific ligand for the dopam1ne D-2 hlgh afflnlty
blndang sites (Titler and Seeman, 1979) The.,soluhlllzed preparation
dlsplayed very high [3H]NPA binding when (+)- ~butaclamol (1 uM) was used
- as the d1=p1ac1ng agent ; The saturation 1sot~grm w1th dlfferent
concentrations of the - radzollgand (25‘ pM - 1000 pM) demonstrated a

_saturatlon at 0 7 nM. Ths/ Scatchard plot of the binding data gave a

X . -

78 7

3.5 Charicterisation of p-2 High Affinity ninding Sites in the -
Bovine Striatal Solubilized Pre aration
_ —~————-———————*——-_-__________]L______

4
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Scatehard analysis of [°H]NPA binding :in the solub111zed
preparations. _ The specific
eaturable (inset) end represented a sinqle homoqenous_
population of binding sites wzth a Kn of 0 28 + 0.06 nM and
. receptor density (B-.x) of 195 . + 25 fmol/mg protein.
Gpp(NR)p at 100 M concentrat1on almest completely:
aholiehed the speclflc ‘binding of [3B]NPA . as shown in
saturat:.on curve (.-'-—.'). The points are a Mean + .S E M.
of trxplicate determinatiens of a typical experlment

representlng three elmllar exper1ment

| binding of [=H]NPA was . ~,
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Effect of 100 uM Gpp(Nﬁ)p t:.m 3catch§r&_ ‘_Aanalysis of
[3B]‘spiroperidol“_ binding in tl;e cholic  acid-NaCi
solubili_zé'd preparation. The points gf_é mean 6t triplicate
determinaf:ions of a typical experiment, representing three
similar ex.periments. (@———@) represents the control

experiment without Gpp(NB)p and (————8 ) represents the
binding data with Gpp (NB) p.
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straight line with a Ko of 0.3 + .02 nH'and A Baax of 270 + 90fmol/mg

protein . Addition of 100 uM of the gGTP 2nalogue Gpp(NH)p almost

Eonplately abolished the. specific (*HINPA "binding at a1} the

concéntrations of the radioliﬁand used (i.e., from .Og oM - 1nM, Figure
8. |

GPD(NESp at 100 .M shoned no effect on the [°H]spir5peridol
binding and tﬁe vafhes of Ko (.35 + .05 nN) and Baax remained unchanged

with Gpp(NH)p (Figure 9).

3.5.2  [3m] Spirqpéridol/&gonist.Conpetition and Effects of Guanine

Nucleotide-

The high affinity,hinding sites vere also characterized with the
agonists competition curves againgt [®H]l spiroperidol (0.5 nM} in the
Presence and absenée of 100 uM Gpp (NH) p. The competition curves of
[°H]spiroper1401 versus agonists ip the bovine striatal solubilized
Preparation in presence and absence of guanine nucleotide Gpp(NH)p in an
assay systenm containing 5 pM HgClz'are Yepresented in Figures 10-12,

Figure 10 illustrates the displacement of (*H)spiroperidol binding
by dopamine. Gpp(NH)p caused a significant shift. of competition curvg_
to the right with greater than 10-folqd increase in the'IC5o value. This
shift in the ICse value with the GTP analogue may indicate a conversion
of the high affinity state to the low affinity state as has been observed
in the membrape Preparations (Kilpartick and Caron, 1983; Grigoriadis apg
Seeman, 1985%). The Hill coefficient hés also Dbeen increased
significantly in  this case, Similarly, apomorphine displaced
[3H]spiroperidol binding in the nanomolar concentrations (ICa®, 78 nM)
and the guanipe nucleotides lowereq the agonist4affinity causing the ICs,

values to rise to micromolar range (Figure 11). (-)NPA was the nost
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Figure 10:
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A
Competition - curves of [3H]splroperidolldopamlne in the
solubilized pPreparation in the absence ( 0-—~.. ) and
presence (B———m@) of 100 UM guanine nucleotide Gpp(NH)p.:

The values represent the mean of 3-9 determinations.

-
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Figure 11:

- Competition curves of [°H]splroperidol/apomorphme in the

86

-

absence (0———0) and presence (g——2p) of Gpp(NH)p. The

" ICoo values analyzed hy log probit analys:.s showed a shift

of greater taa.n 10 fold from (78 nM to 1.1 uM) in t_he.
presence ot Gpp(NH)p. The values are.mean of triplicate

with 2-4 such expenlents
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Figure 12:
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Competition of specific [?H]spiroperidol binding by NPA in
theﬁ:zce (H) and presence (———8,) of 100 'R

Gpp( The ICao value of NPA increased greater than

100-fold with Gpp{NH)p (from 1.2 nN to 121 oN). Values are

mean of triplicate detarmination with 3-5 such experiments.
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TABLX 8
Inhibition of [’H}spiroperidol Binding by Dopamine D-2 Receptor
Antagonists in the Absence and Rresence of Gpp(NH)p
Ko (nX) Ko (nM)

DRUGS ~ ~Gpp(NH)p ) +Gpp(NH) p

Spiroperidol 0.45 + 0,04 0.68 + 0.08

Haloperidol 5.3 + 0.6 6.4 + 1.1

Domperidone 6.8 + 0.8 8.3 + 1.5
The displacement of (®H]lspiroperidol {0.5 nNM) binding by different
concentrafions of antagonists {10-12-10-6sm) was not affected
significantly by the addition of 100 uM  Gpp(NH)p. The 1ICs¢ values

(converted to Ko, using the Cheng and Prusoff equation) are mean + S5.E.M.

of four separate experiments, each performed in triplicate.
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potent among the agonists tested (ICso, 1.2 nM) and again, Gpp (NH) p
caused a significant fall in the ihhibitory potency (ICso, 170 nM) of the

agonist (Figure 12). v ¢

J.5.3 [?HJSQiroporidolllntaponigt Competiting andﬁst!ects of Guanine

Nucleotiae

Three  antagonists, hamely, spiroperidol, bhaloperidol and _

- domperidone were tested for their ability to displace [PHlspiroperidol

binding from the solubilized dopamine D-2 receptor in the presence and
absence of Gpp(NH)p {Table 8). Unlike agonist competition curves, the
bindinq'parameters of the antagonists displacement were best repfésented
by a single affinity state of Binding sites. Addition of the saturating
concentration (100 M) of Gpp(NH)p had 1little or no effect on the Kp
values of the antagonists with respect to the (*Hlspiroperidol binding,
3.5.4 [9°5] - GTPYs Binding

To test the possibility of the coupling of receptor with G
pProteins at the high affinity state, specific radioligand binding studies
with the GTP analogue (335]GTP vS were performed. The solubilized
Preparation exhibited high specific binding of [°35]GTPYs in the presence
of 1001 Gpp(NH)p used as the displacing agent. The Scatchard analysis
of the binding data revealed a Ko value of 90 + 12 nM and a Baex of 45 h

8 pmol/mg protein (Figure 13).

3.6 Molecular Weight Determination by Target Size Analysis

The target size of the membrane bound and the solubilized bovine
striatal dopamine D-2 receptor was determined by radiation inactivation

-y
and the results are shown in Figures 14-15, From the ina"&vation

-pattern of the Leceptor binding and the molecular‘weiqht standards, the
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—_ rigure iJ: Scatchard analysis of [35S]GTPYS hindinq in the solubilized
preparation. Binding assyas were performed .with [995)GTP S
mixed with the corresponding uﬁlaﬁelled GTP¥S~110 nN - 250
nM). The Scatchard Plot represents a"single class of
binding sites where the Ko and B;.: vere 90 + 12 nM and 45.
t+ 8 pmol/mg protein. The points are the mean + S.E.M. of

r

tvo experiments, each performed in triplicate.

-
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target size of thd membrane bound. dopamine receptor was determined to be
146 x 10, + 17 1x103 daltons and for the solubilized receptor 139 1oa_
* 16.2 x 103 daltons (Table 9). The slopes for the inactivation of the
standard enzymes were: pyruvate kidaqe, 0.116 * .0066; yeast alcoho

dehydrogenase, 0.0946 + 0. 0038 " and galactose QXidase, 0.0357 + 0.0014

(mean + s. E.M. of 4 to 5 e;periments). The slopes for the membrane bound

'and the solub1lized receptor wvere .07304 and .0769 respectively. There

was an excellent 11near correlation (5_ 0.99) hetweencthe molecular

T T - — o — T TR A———.

welghts of the standards and their slopes for the radiation inactivation.
The slopes of these plots corresponded to the following D-37 (dose in
Mrad required for 37% inactivation) values: pyruvate kinase, 3.78 +. 22;
yeast alcohol dehydrogenase, 4.62+ 0.18; and galactose oxidase 12.2 + 0.5
Nrad. The D-37 values for the memhrane‘ bound and solubilized receptor
¥ere 5.643 and 5.965 Mrag respectively.

£3B]Sp1roper1dol binding in the membrane preparation decayed

11near1y with the dose of radiation (Figure 14) indicating a single

“target size. However, in the solubilized Preparation the radiation data

for [9H]spiroperidol specific binding exhibited 25% decay at ¢ 1 Mrad and
showed 11near decay with further radlatlpn dose indicating more than one
target size. The loss of receptor activity at or below 1 Mrad may
represent a npajor complex {a hiqh~affinity complex) contributing
approximately 20-30% to the total binding activity at zero dose. Because
of the decay of high affinity h1nd1ng sites, there wag only a slightly

detectable [IH]NPA binding in the 1rrad1ated solubilized preparation even

at a dose of <1 Mrad {(Figure 15). The specific binding of [3HINPA at

0.25 Mrad was 20%. However, in the membrane preparatipn [3R]INPA linearly



-4

tigure 14:

'95

Radiation inactivation: target size enalys;s of bovine

striatal membrane bound: dopanine D-2 receptor. The
activity is expressed as % of control activ;ty present in.
samples not irradiated but othervlse treated exactly as the
irradiated samples. - The survival of speczflc .
[3H]spiroperidol is represented by (B-——4B) and of [IH]NPA
by ( X———gq ). Each point is a mean of triplicate

- determination. The data have been  pooled from '3-5

Preparations.
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Figure 15:
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Radiation inactivation data of bovine striatal cholic acid:

o~

NaCl solubilized dopamine D-2 receptor. ( K—-—-——;x }

. represents the [IH]spiroperidol binding and (B——f)

represents éhe [IHINPA ﬁinding. The activity is expressed
as ¥ of control activity present in samples not irradiated
but otherwise treated eiactly a3 the irradiated sampfgs.
Eacﬁ point is a mean of triplicate determination. The data

have been pooled from 2-4 experiments.
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Figure 16:
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' l

Representative Scafchard analysis of [?*H]lspiroperidol
. :

h@nding.in_ non-irradiated {—a) and irradiated (p—a)

"bovine striatal membrane .(Figure 16a), and cholic acid-NacCl
solubilized preparation (Figure 16b). Each point is a mean
. of triplicate  determination. Two  experiments from

different preparations were carried out. The parallel

i

"shift in the curve repfesents the reduction in the bound

valuelto about 60% of control.
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TABLE 9
Comparison of Target Size Analysis of Membrane
Bound- and Solubilized Dopamine (D-2) Receptor
Membrane Bound Solubilized (p-2)
Parameter D-2 Receptor . , Receptor

Molecular Size in -
Daltons - 146 x 108 + 17.1 x 100 139 + 103 + 16.2 x 102
Slope .07304 + 0.0089 .0769 + 0.0085
Da? Value in

Mrad 5.643 + 0.657 5.965 + 0.694

——— — - - --——-—u---—-.—-—.———.——-————.__._..

Mean value of 3-4¢ experiments,
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decayed in parallél with the [5H]spiroperidol binding indicating a lack

of multiple high affinity cpmplexea. Similar finding with fhg target f

size of }So'x 104 daltons has heen reporfpd in ihe bovine st:iatalA
lyophilized membrane preparation (Runo and Tanaka, 1983).

The .Scatch;rd analysis of the control (ndn-irradiated) ;nd;
radiation i?activated‘prepﬁrations at 5 Hrad'revealed fpat._both memhfane
bound and solubilized dopapine D-2 receptor exhibited a parallel shift in
the line with no change in the Kp value but a significant change in thé
Baax value with irrddiation (Figure 16). The Baax value for the memhrané
bourd irradiated receptor changed from:750 to 4Sb 'fmollmg protein, aqﬁ
for the solubilized receptor the Bmax changed from 580 to 360 fmol/mg

protein. A

3.7 Haloperidol Linkage to Epoxy Activated Sepharose CL-6B

The bovine striatal cholic acid: NaCl solubilized dopamine p-3
receptor has been purified by haloperidol-~linked Sépharose CL-6B gel.
The linkage of the tertiary alcoholic group of ‘haloperidol with the
epoxide arm of Sepharose was completed in 20 hrs. at 40°C. The linkage
of haloperidol to Sepha;ose is shown in Figure 17. In a typical
experiment approximately 1 ueol of haloperidol vas linked to 3 gram-of

wet Sepharose. 3 possible covalent nature of the linkage was established

by counting the (*Hlhaloperidol remained bound to the gel after thorough

washing with the reaction sdlvent dimethyl formamide; 1 M sodium
chloride, acetete buffer (pB 4.5), Tris (pE 8.0) buffer and finally with
e€xXcess water. The non-specific sites on the gel were blocked by treating

the gel with 1 M ethanolamine (pBE 8.0) for 8 hrs. The prepared gel wag

{
!
|
i

|

i

/
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stable over a period of 27 months without any significant loss of

radioactivity. |

. The reactionliine for maximum linkage. was found to be 20 hrs.
(Tahie 10). Prolo#ded incubation for 40 hr. did not show an increase in
the iin;aqe of haléperidol to the gel, whereas 'a 6 hr. reaction time

exhibited 30% of the maximun linkage.

3.8 Affinity Chromatography of the Solubilized Receptor

The cholic aciqd: NaCl  solubilized receptor ‘preparation was
purified on the haloperidol-linked Sepharose column. . Figure 18
represents fhe affigity chromatography profile of the ;olubilized
receptor through the haloperidol-iinked column. Based on the difference
between the [®8]spiroperidol sﬁecific binding activity of the stafting
material and tha; of the flow through fraction, 60-70%.;; ‘the dopamine
D-2 receptor activity was found to be adsorbed on the affinity gel. In
contrast, po significant adsorption of the [*H)spiroperidol binding
activity occﬁrred when the "solubilizeqd Teceptor preparation was passed
oveﬁ;epoxy-activated Sepharose CL-SB‘containing only spacer moiety (Table
12). |

Washi£g~of the column with 5 volumes of S0 mM Tris-1 mM EpTA 0.02%
cholic acid, 150 mM NaCl pH 7.4 (equilibrating buffer) at 4e¢ eluted most
of the applied- Protein as indicated by absorbance at 280 nm.
[°H]spiroperidollbinding activity was present in the first few fractions
after washing, which may be ‘due the elqtion of the unadsorbeq receptor
present in the void volume of the column rather thap desorption of the

N
bound receptor from the gel. *he elution with 50 ml of the same
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TABLE 10 f

-

Time Requirement for the Coupling of ° _
Baloperidol to the Eppxy Activated Sepharose CL-6B

Reaction Time Haloperidol Linkage

in Hours (DPN/g gel) (uM.haloperidol/g gel)
6 1960 0.26
20 . 3000 0.8
40 : 5600 0.75

_—_-.-——-...-_—-_—-—-._—--—-.—_—-._———-.-_—..—.-_

One gm of epoxya-ctivated Sehparose CL-6B was mixed with 300 ng of

haloperidol and 100 mg of ZnClz in DMF and the reaction was stopped at *

varying times by vashing with DNMF, .

————



Figure 18:
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. . .
Affinity chromatography of the cholic acid:  'NaCl _
solubilized preparation of bovine striatum on haloperidol-

linked Sepharose . CLEB affinity gel. Soluble preparation

,(dol?hj was passed for 16‘hours'at 4°C with a flow rate of

1.542 ml/hr. on a 0.5 x 30 cms column containing 10.0 mi of
affinity gel. The column was washed at a'flow fate of 20
ml/hr. (indicated by buffer() with 5 volumes of 50 aX Tris-
1 mM EDTA 0.2% cholic aeid; 150'53 NacC1 ﬁﬁ 7.4 at 4°C until
noé protein was observed by absorbance at 280 nXM using. LKB
2138 Unicord S. The column was.then eluied at 4°C with 50
ml of the same wash buffer conta1n1ng 500 nM spiroperidol
and 0.01% bovine brain lipid. 3 ¢ ml fractlons vere
collected at the f}ow rate of 5.0 ml/hr.  The fractions
were concentrated through amicon CF25‘centriflo <ones and
desalted on Sephadex G-50 column equilibrated with
equilibration buffer and *assayed for (*R)spiroperidol
binding. - The protein concentration was determined by the

Bio-Rad micro ass3ay as per manufacturer's instructions.



LR

-107

T l/f . ) . '

Tl¢=59$£:3m,

800
600

-107m) -

i

Spiraperidal (S

20

N v b4 T m o L Q

ot ==l QL+ rerwdpt punog 1eprindonds g ayrands

P

o
-
n
-
4
...m o
i
nm. Voo
3 T
2 Ay
* "Illlllllll
| ”,

Froclion Nembar

‘ FIGURE 18



—c

—

L R

TN 0 e ity e

-

k SRR | | 3 - 108

TABLE 11 | v
~Purification of p-2 Receptor

[*Hlspiroperdol Binding

Preparation Volume Total  Total Specific - Purification Yield
: Protein Activity Activity

—_--——————n——-—--..-—u——-.——q-—-.——-.——-u_—-.———

ml ng fnol fmol/mg Fold Percent
Crude u o ' C
Homogenate 10.0 140 11,200 80 1 100%
Solubilized 40.0 30 3,960 165 2 36
One cycel of : | .
affinity gel 10.0» 0.008 1,356 169,600 2,120 12.1(35)

——-——.--————a-———--—--—u.——..-.—q.——-.-.——————-.———.———...__—._-—.-—-._—--_....__.—-._...-._—_._—_

Typicaily, 10.0 g of hoving brain striatal tissue was homogenizéd in 0.25%
M sucrose and the mitochondrial—microsomal (Pz-P3) preparation was
solubilized with cholic acid -~ NaCl as described ip Methods. Affinity
chromatography was performed ag descfibed. The [aﬂlsﬁéioperidol binding
assay was performed and the specific binding wa§ defined as the
difference between the counts bound in the presence and absence of 1.0uM
(+)-butaclamol. Protein was estimateq by the method of Lowry et al. (23)
in membranes, and h* Bio-Rad‘micro assay (18) in solubilized and purified
prepafations. The numbers in Parentheses indjicate the percent recovery
of receptor ag compared to fhe'sqluhilized Preparation. -

*This volume represents the pooled desalted fractiong from the Sephadex
G-50 column. Receptor activity from the gel was eluted with 50 pl of 500

nM spiroperidol and concentrated to 1.0 ml through Amicon CF25 Centriflo
cones; 100 1 of thig concentrate was kept for protein estimation and the
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‘ equilidrating bﬁffer containing 500 nM -spiroperidol and 0. 01% bovine

brain 1ipid extract at 4oc-rat a flowv rate of 5.0. ml/hf. caused an
1ncrease in the [=B]sp1roper1dol b1nding act1v1ty with no -significant
increase in protein.

The data trom a typical pur1£1catlon experiment are shown in Table
11. 'Solubilization of the membrane preparatlon resulted in an apparent
two fold purification, The afflnlty chromatography on haloperidol-linked
Sepharose y1elded greater than 2000 fold purlflcatlon [®H]lspiroperidol
hlndlng assay of the pur1f1ed receptor showed a recovery of 12% and 35%
bindlnq sites. as compardd to the membrane bound and the solubilized
receptors respectively. Specific activity of the purified preparation
¥as 169,600 fmol/mg protein.

3.8.1 oOptimization\of the Condition for the Adsorption of Receptor
Activity to the Gel -

Adsorptien~of the receptor activity ‘to the gel was opt1mlzed by
incubating varying amounts of the gel with a fixed amount of the receptor
Preparation. The gel and the receptor preparations were incubated either
et.4°c or at roonm temperature as indicated in Table 12. The optimum
adsorption was - obtained when 3ml (300 fpol) of the solubilized

Preparation was 1ncubated with 1 gram of wet haloperidol-linked Sepharose

. CL-6B gel (Table 12). At room temperature, adsorption was less than at

4°C which could be due to the denaturation of receptor activity on
prolonqed incubation. When Preparations were dialyzed to remove excess
salt or detergent, there was a significant decrease in the adsorption of
receptor 'act1v1ty to the column which could have been due to an
aggregation of the receptor during dialysis. Table 13 compares the

&

adsorption of solubilized dopamine p-2 receptors to different gels. The
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TABLE 12

Optimizition of the Condition for the Adsorption of
the Receptor Activity to the Affinity Gel

Receptor Activity ‘
in the Flow through :
Gel - ., Fractions © - Bound to Gel %

- fmol/mg protein

Control 1 gm epoxy gel ‘ 305 ' 0
(no haloperidol , . ‘

coupling)

0.1 gn hal-gel* Y | 18
0.2 gm hal-gel u 228 | 25
0.5 gm hal-gel ' 193 , _ 37
1.0 gm hal-gel 119. 60
1.0 gm hal-gel + ‘ )

- undiluted 1 ml prep. 173 43

1.0 gm hal-gel + dialyzed prep. 207 30

1.0 gm hal-gel + prep.
at room temp. for .
4.hrs. 153 50

- - - - _...—_——--——-———-..——-——.-—-—....——-—_———.__.—._

Mean of 2-3 experiments, S.E;H. varied less than 10%.

Various amounts of the haloperidol-linkeqd Sepharose were incubated with
3.0 ml of 1:3 diluted solubilized preparation (or otherwise as marked)
for 6 hr. in a batch-wise procedure with gentle mixing at 4ec. The
gel-preparation mixture was-than passed through a basteur pipette colunmn.
The pass-through fractions were used for [3H]spiroperidol binding.

*hal-gel: Haloperidol-linked Sepharose CL6B - -



111

haloperidol-linked Sepharose CL-6B showed better adsorption of receptor
activity than the other gels. '
3.8.2 ldsorption Specificity
The biospecificity of the: haloperldol Sepharose CL-6B affinity gel_
\

was determined by studying the effect of different dopaminergic and

non-dopaminergié drugs on the adsorption of [3H]spiroperidol binding

activitf. In these gstudies, a number of drugs that had varying degrees

of select1v1ty for the dopamine D- 2 receptor were used. To test the

stereo select1v1ty- {-}- and (+)-butac1amol were used. The abilities of

- these druqs to inhibit the adsorptlon of [3H]sp1roper1dol act1v1ty to the

——

affinity gel are presented in Figure 19. The dopamine D-2 receptor

antagonists spiroperidol and domperidone (tested at 10 u M} were effective

"in  inhibiting >90% of the adsorption of [*H]spiroperidol bindind

activity.  Stereoselective (+)-butaclamol, at 10 U ¥ concentration,
inhibited 90% of-the activity, whereas (-)-butaclamol was ineffective at
the same concentration in blocking the adsorption of receptor, activity.
Other non-dopaminergic drugs, mianserin (serotonin S: antegonist) and
propronalol (B -adrenergic blocker}): were ineffective at the seme
concentration. Agonists N-Propylnorapomorphine (NPA) and apomorpeine
{tested at 100 M) blocked 70% of the [3H]spiroperidol binding activity.
3.8.3 Elution of Dopamine D-2 Receptor from Affinity Colump

Different eluting agents were tried to elute the affinity adsorbed
dopamine D-2 receptor from the column. Table 14 and Figure 20 show the
comparative elution with dopaminergic  and non-dopaminergic eluting
agents, Spiroperidol (500 nM) was approxlmately 4 times more effectlve

than dopamlne (2 mM) in eluting the hound receptor. Haloperidol was also

s
. bl ks
; % -
- ;
3
-
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TABLE 13

Adsorption of Receptor ictivity‘to Different Gels

Receptor 'Activity in
Gel Type Activity Loaded . Pre-wash - %Bound to
Total fmol Total fmol the Gel
Haloperidol Linked .
Epoxy Gel 460 165 64
Fluphenazine Linked :
Epoxy Gel 400 250 37
Clebopride Linked -
Affinity Gel - 450 267 42

Mean value of 2-3 experiments. One gram of each gel was incubated with

3.0 ml of 1:3 diluted solubilized preparation at 4¢C for 6 hr. with

gentle mixing in a batchwise procedure. The mixture wag passed through

pasteur pipette columns. The pass-through fractions were used for

[*Hlspiroperidol binding.
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Figure 19: Ability of doperminergic. agonists, ‘antagonists and other

agents to  iphibit - the ;dsorptfon: of [3H]spiroperidol

ene o e O Y X P

" binding activity. The height of the bar -represents the
\ s .

total activity present in 2.0 nl of the-étartiqg material
(left) or 2.0 ml of the soluble preparation containing the

indicated 'drugs which have peen passed 'throudh the

halope;idol-gel. Two. ml of the soluble receptor

preparation was incubated with' 10 . uM of antagonist drugs

, " {spiroperidol, - domperidone. (+)-butaclamol, (=)=
e .

: butaclamol, propranolol and'mianserin) or 100 uM of agonist
r drugs (apomorphiné and N-propylnorapomérnhine fbr 3 hours
at- 4°C and was then applied"to & column (5 x 0.2 cm)
containing 0.8 ml of gel, and equilibrated for 3 ;}. The

. column was washed with 1.5 ml of wash buffer (50 mM Tris-

HC1, 1 mM 'EDTA and 0.02% cholic acid, pH 7.4 at 4°C). The

total eluate was collected; 1.5 ml of this eluate was then
desalted by Sephadex ¢-50 column and the binding of

[*B)spiroperidol was performed as given Material and

¥4 Methods. Results shown are of a single experiment

representative of 2-3 experiments.
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less effective than spzroperldol as an elutlnq agent. Non-dopamlnerglc
drugs such as mianserin ‘and ., propranolol were _only -slightly effectlve
(<10%) in . elutinu the bound receptor; this was also the case with 1M
HGClz and 0.1¥ acet1c ac:d (Figure 20). Provxdlng 11p1d énvironment
‘1mproved the speclflc b1nd1nq of the receptor eluted with both agonists
and antagonists (Table 14). However, when 1lipid concentration was
increased to 1 4§/h1, higher non-specific, ‘and blank values were
ohteined. . Bovine brain total lipids (sigma) and | soybean crede
ﬁhosphatidylcholine (PC) were also fcompafed in elution buffer, and both
were found to be effective in maznta1n1ng the, speclflc binding. However,
soy bean lipids eluted 25% more dopamlne receptor binding act1v1ty than
bovine brain llplds. Blank values were higher (20-30% of total binding)
with the soybean 1lipids than with fhe bovine brain lipids (10-15% of
total binding). There was less than 10% specific binding ie the blanks.
On‘palance, the soybean lipid gave better results than the boviee brain
lipids (Table 14). ‘
Dopamine was rem&?ed from the eluate by either extensive dialysis
against the assay buffer or by concentrating with CF25 Amicon cones and
then desalting through G-50 column. By using [®H]dopamine as marker in

the elution buffer, it was calculated that 99.98% dopamine could be

removed by this technique. With spiroperidol elution, after extensive -

-~

- o

dialysis for 24 hrs. and 4-5. changes of the buffer, there was still
significant amount ?of spiroperidol remaining in the eluate which
interfered with the binding. However, concentration with Amicon CF25
cones and then desalting removed almost all the spiroperidol and did not

seen to interfere with the binding. The non-dopaminergic drugs were

hh“-----“/,.—.'-
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Figure 20:

e e e

The ability of dopamznergic and other agents to elute the

dopamine D-2 receptor activity adsorbed to the Sepharose—

haloper1dol gel. Routinely, in these experlments, 8 ml. of

a soluble preparatlon conta1n1nq 0.7-1.0 pmol of receptor_

-—u—.‘

activity was loaded. on each 1.5-2 ml1 of haloperldol-gel
columns at 4°C w1th a flow rate of 2 ml/hr. About '60-T70%
of the rgceptor activity was bound to the gel. After

washing th columns with wash huffer, {50 mH Trls*l mM EDTA

- .02% cholic acid - 1 aM DTT -~ 150 mH NaC1) they were

eluted with 10 nl of the same buffer containing @ifferenf

eluting‘agents.

117
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\
separated from the eluate by sim;i;rAtqchniques of concentration énd
 desalting on 6-50.

3.8.4 Binding Specigigity '
. The purified receptor exhibited a Ko of 0.15 nN and 8 Bmax of 62

ol

fmol/ml by Scatchard analysis as shown in FlgurBIZI. The Ko value
corresponded well to the value obtained for the solubilized receptor
under similar conditions.

Table 15 shows the binding specificities 6f the purified and the
solubilized receptor. The ICso values for antagoniéts obtained with the.
purified preparation were in ‘close agreement to that of the solubilized
preparation. The purified _receptor tetainéd its stereo-specificity for
(+)- and (-}-butaclamol, in that the former was 1001 times more potent
than the later. The order of potency for the agonisés in the pu;ified
Preparation was NPA>N0434)APO>dopamine, which was similar to the
solubilized receptor. However, 1t should be pointed out that agonist
ICso values for the afflnlty purified receptor were higher than those for
the solubilized receptor which may be due to an increased number of low
affinity-sites in the purified preparation. The Presence of an increased
number of low affinity sites can be supported from the observation that
Gpp(NH)p had no effect on the [;HISpiroperidollNPA competition curve
(Figure 22).

The dopamine D-1 specific agonist SK&F 38393 (Stoof and Kebabian,
£984}, serotonin receptor antagonist, ketanserin, g~adrenergic receptor
antagonist, propranolol, and a -adrerergic  receptor antagonist,
phentolamine, tested with the"solubilized as well as the purified

preparations exhibited displacement of the (®*H]spiroperidol in
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Figure 21:
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Saturatiorn 'isothern and Scatchard plot for the specific

' 'binding of laﬂ]sprioper1dol to the pooled concentratad and

desalted tractions tron the affinity column Receptor ,
binding assay was performed wuwsing the PEG method as
described in Haterxals and Methods. Values are mean of

triplicates. Saturation ¥as achieved at 0.8 oM with a Ko

. of 0.15 nX and a B..x of 62 fmol/ml.
S

-



e
o~ -~

I

60

10.9

« e ) .

-} . 6 . <
[2-0L*wdp) Buipuig appaadg”

h

[

!

. o
e e e L

2
o

0.8

0.6

0.4

0.2

E’H] Spiroperidol (nm}

FIGURE 21



122

- TABLE '15

Inkibition of [3HISpiroperidol‘Binding to

- Solubilized and Purified Bovine Dopamine Receptor

Solubilized Affinity Purified
. . Receptor Receptor
AGENTS g _ ICsonM . ICsonM

Dopa@ine Receptor Antagonists and Agonists

Spiroperidol - b.84 0.7
Haloperidol - , 7.0 24.0
(+)—Butac1amo{ ' 3.99 9.66
(=)-Butaclamol. . 5,000 2,400

- Domperidone . 18.0 ‘ 15.0
SCH 23390 (D-1 antagonist) ' 421 440

. N~Propylnorapomorphine (NPA) 1.3 33
NO434 ., , ' . 50 167
Apomorph@ne ‘ 147 500
Dopamine 5,300 30,000°
SKF 38393 }D—l agonist) _ 6,000 . 26,440
Others -
Ketanserin . 1,000 1,700
Phentolamine 15,800 10,000
Propranclol 20,000 10,000
R5260 (spirodecanone specific) 1,480 50,000

The :ICao vdlues -féoncentrétion_ of drugs, that inhibit 50% of the
[*H]lspiroperidol Hﬁﬁﬂing) _ Were obtained " by using 7 different
concentrations of dfugs (10-1° to 10-4M) and were calculated by log
probit analysis. The ICso values - are the mean of 3-9 determinations.

S.E.M. was less than 10%.

\
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T

Competztlon curve. of [W]splropendol/ﬂ?ﬁ in the purxf:l.ed‘

preparatlon, (0——e) in the presence and (l———l) absence

of Gpp(NB)pa The values represent the mean of tr1p11cates -

“of 3-9 determnatlons. Rddition of 100 1N Gpp(NH)p to the

pu_r:.hed preparatmq -showed no shift of the ‘curve.
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FIGURE 22
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miéi::;lar concentrations. R5260, a .specific ligand for\;pirbperi&ol
'‘gites did not displace t’n]spiropetidol bindinq up to a concentration of

. 10uM ahoﬁing a lack of spirodecanone sites in the purified preparation.
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The objectives of the present study were (i) to develop an

'effect1ve procedure for solubilization of dopamine p-2 receptor ‘from its

I

membrane bound~ form and (ii)}) to estahlish a sﬁitahle method for

'subsequent purzfication. At the start of the proaect " the dopanine

receptor had been exten31vely character1zed by the radlollgand binding

assays in the membrane bound form from various species. However,

soluhillzatlon of - dopamzne D-2 receptor was still at a developing stage.

‘The reported procedures (Gorrison et al., 1979; Madras et al., 1980;

Lerner et al., 1981) on solubilization were not. only inconsistent but-the
recovery was-'considerquy low(<15%). Furthermore, in most cases, the

solubilized preparation could not eatisfy the criteria of solubility

"(Ilein and 'Laduron, 1982). The widély reported detergent, digifonln

could solubilize the Teceptor from canine and human striata, but not from'
bovine striatum (Hadras et al 1982). 1In the later species, solublllzed
receptor lost the stereospecificity¥ and there was an incre;se in the Ky
value for spiroperidol binding.

It was therefore, important to establish a procedure which would

Rinimal cost. In Table 4 solublllzation from four different species,
namely bovine, canine, rat and human brain striata ig cdmpared. When
various detergents were tested, 0.25% cholic acid in combination with 1 M
NaCl yielded better solubilization ({45%) of active binding sites in
bovine striatum. Low yield (<15%) obtained with digitonin solublllzatlon

(Table 4} is in agreement with other reports-in literature (Gorrisen et
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al 1979‘ Heuznler and Labr1e. 1982}. The yield of 45% with chollc acid:
NaCl solubilization 1s hlgher han any other reported procedure,‘e.g. 10%

for lysophosphatldylchollne { eatley and Strange « 1983) and 23% for

e e TSN G

CHAPs (Kilpatrick et et al., 1984; \ev and colastein, 1984).

The hlgh Yield of 25-45% of dopamlne receptor (dependlng on
specles) solub111zat10n hy 0.25% cholic ac1d and 1M Nacl could be due to
1ts solubility below the critical icelle concentratlon (CHC) The
: . normal CMC of cholic acid is .around 2% | (Tanford and Reynold, 1976).

: Usually solubilization of 1ntr1n31c membrane protein (eg., receptors)
requ1res a detergent ‘concentration at or above the CMC of the detergent\
At ﬁgat concentration, proteln can be solubilized byt most of the
receptor. activity is lost due to denaturatlon. As mentioned ip the
introduction section, CMC of cholic aczd is salt dependent ;- Shaekland
(1970) reported that a high concentration of NaCl 1lowers the monomer
concentration in solution, by allowing more cholate to be. incorporated
into mixed, micelles which decreases their average gize, Also low
concentration of cholate may be essential to avoid further stripping of
phospholipid than mlnlmally required for removing the Protein from the
membrane. The Phospholipids are essentlal for maintaining the receptor
activitg (Hall et et al., 1983). Effective solubilization with cholic acid:

NaCl combination of dopamine p-2 receptor (Ramwani and Mishra, 1983) has

been further conflrmed by other laboratories (Hall et et al, 1983; Wouters

et al., 1984},
. L}
The dopanine receptor recovereqd from striatal membranes by

detergent-salt treatment, satisfieg the generally accepted= eriteria for

solubilization ag suggested by Laduron and Ilein, (1982), namely absence
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of a sedimentatzon after centrlfuqa 1on at 105,000 g for & hrs., bpassage

thrcugh glasa fiber fllter (0 22 pm) dhd one major peak wmth no

aedxmentation at the bottom of the tube. following sucrose den31ty

gradient (15- 30%) profile {Figure 5). Futhermore, as recommended by

Laduron and Ilien 11982) in their commentary that solubilization

'procedures he ahle to solubilize the receptor activity from d1fferent

spec:es has also been satisifed inp the present study.

TN .
The soluble p-2 receptor was stable at 4oc. There was no

significant (<10%) loss of the [*H)spiroperidol binding activity even

after storage for over 72 hrs. This stability of solubilized receptor is
an  important advantage for further purification, since ‘normal
purification procedure by afflnlty chromatography takes more than 48 hrs.

There wag mlnlmal loss of (<10%), blndlng act1v1ty in the solublllzed

binding parameters of the [3H]lspiroperidol aSSay (The Kp of

[?B)spiroperidol remained 0.3 nM.)

< . Pharmacological characterisgtics of ‘ the soluble Preparation.
indicated that [*B] spivoperidol exhibited binding to a single population

of receptor sites w1thi:>§ inity. The Ko value for the soluble

receptor cd&responded to :::ii;ngrane bound p-2 receptor, The cholic

acid: Nacl solubilized binding sites in the bovine striatum, in contrast

to the digitonin solubilization (Madras et al., 1982), retained their
&

stereoselectivity for (+)- and (-) hutaclamol and the specificity for the
dopamine agonists and antagonists . 31s0 exhibited similarity to the
nembrane bound D-2 receptor (Table 7 results). The ICso values for

non-dopaminergic agents, e.gq. ketanserin.(serotonin antagonist), GaBa,

/
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muscimol (GABA agohist)' diazapam and phentolamlne (8 adrenegric
antagonist} were in the mzcromolar concentratlon range

The pPossibility of D-1 . bzndlnq sites in the soluhlllzed
Preparation wag ruled out by perform:ng binding assay wlth D-1 specific

antagonist, [3H]f1upenth1xol -which gave a specific binding of less than

20& (Tahle 6): the displacement of [GB]splroperldol binding by the D-1 . -

spec1f1c agonist SK&F. 38393 yielded an ICso in mlcromolar range {Tahle
13). Furthermore, the D-1 speclflc antagonlst SCH 23390, gave ICso
value in high nanomolar range (ICpo of SCH 23390 for D-1 ig <1 hu)

Several 11nes of evidence for  the exlstence of hlgh afflnlty‘
dopamlne D-2 ‘receptor binding 51tes in the solubilized Preparation have
been provided- in this thesisg (Flgures 8-13). These .sites are also shown
to be associated with guanlne nucleotide binding (¢ proteinf protein

(Figure 13).

specific high afflnlty llgand) binding in the soluble preparatlon This
is the flrst direct evidence for the bresence of high affinity binding
sites in the soluble Preparation. [3H]NPA binding was satuarable with a
Ko of 0.3 oM ang wa%\_wlth an appreciable Specific blndlng {( 75%) at a~
very low concentration (Q.25 nM) of [3g]NPA {Figure 8}, Unlike
[3H]spiroperidol binding, [HINPA binding was highly sensitive to guanine
nucleotides, GPp(NH)p was capable of almost completely abolishing the
[*HINPA binding, probably by converting the high affinity state to low
affinity state (Figure 8). Tﬁese findings in the soluble Preparation
,4§re in agreément with the Teports on the membrape bound dopamine p-3

receptor (Hamblin et et al. 1984; Girgoridis and Seeman, 1985), where it

>,
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was demonstrated that guanzne nucleot1de§,adhvert hlgh affinity state to
low affinlty state. The possibility of [3H]NPA b:ndlng to dopamlne D-1
raceptor was ruled out by the fact that in. the soluh1112ed preparation
‘there was less ‘than 20% of D-1 s;tes determlned by the [3B]f1upent1h1xol
_.blnding {Table 6). FPrthermore, when [3H]NPA blndlng asSay was performed
in the presence of 1 nM D-1 speciflc antagonist SCH 23390, there was no

notlceable dlfference 1n the b1nd1ng.

The ~ presence of G. protein in the solub1llzed preparatlon was

evident wlth GTP "analogue [335]GTPys binding assay.  The - h1nd1ng was
saturahle with a Ko of 100 oM and a Bmax of 56 pmol/mg proteln. These

parameters of = [38S]GTP ys b;nd1pg in the solubilized preparation

corresponded well with the earlier report on [®H}Gpp(NH)p binding in the -

brain membrane preparation (Hamon et al., 1982). Since the binding sites
labelled by [°°§]GTPY3 wérelapproxiﬁatgly 200 times more than the D-2
receptor density, only’a small proportion of guaniné nucleotide binding
sites'aﬁpear to’interact with dopamine receptor. However, from the Kp
values of [3=s]éTPYs {Figure 13) and of (*HIGpp(NH)p (Hamon et al., 1982)
oneé can assume that the inhibitory concentration of_Gpp(NH)p would fall
in the range reqﬁired to saturate the guanine nucleotide binding sites,
suggesting the coupling of ¢ protein with the solubilized dopamine D-2
receptor. ' Direct association of the Gi prote1n with the dopamine D-Z
receptor has receLtly been provided by selectlve inhibition of 6i protein
With the pertussis toxin (catalyses ADP ribosylation of Gi subunit and
inhibits agonist stimulated GTPase activity) which decreased the poténcy
of NPA in the membrane binding assay and abolished the ability of GTP to

convert the high affinity state to the low affinity state (Cote et al.,

o
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1984; Tenaka et al., 1984).

The ohserved retentzon of receptor-G prote1n complex in the
solubllized preparation is in contrast to- the earlier reporte' on.
soluh1llzat10n of strlatal dopamine -2 receptor using. dlgltonon as the
detergent (Leff and Creese, 1982; K11patr1ck and Caron, 1983) In these
studies, investhators could flnd the hlgh afflnlty blndlng 51te only

when\?olubllmzed in the pPresence of dopam1nerglc agonlst The dlscrepent

flnding in the present study squests that the Presence of NaCl may be

helplng to retain the receptor-G proteln complex. Furthermore, in this

1nvest1gat10n, the doncentratmon of cholic acid used is 5-10 times less
than CMC of cholic acid, hence the detergent may be kaving a minimal
overall effect on the structufal components of the receptor.. Kuno gﬁ_ﬂl.
(1983) have reported a right shift in the [3H]spiroperidol/agonist
competition curves with GTP in a CHAPS-Nacl solubilized pituitary
dopaﬁine D-2 receptor preparation. However, in their studies, the ICao
values for agonists were higher than those reported in the literature
(Seeman, 1980). Furthermore, in their studies, high affinity binding
with [PB]NPA was not performed ‘and the GTP ‘effect on the shift of ICse
values was much less pronounced than in the present investigation. This
could be due to the absence of Mg** from their buffer system. Mg** is
repoffed to  induce nanomolar potency to dopaminergic agocist for
inhi@iting [3H]spirope§idol binding (DeVries and Beart, 1985). Further
support for high affinity binding sites in the solubilized preparation
can be derived from a statement by Rilpatrick gg_g;: (1984) that "NacCl
allows reassociation of the receptor with ¢ protein in the solubilized

preparation”. The presence of “high affinity binding sites in the



solubilized preparation (with receptor-G p otein complex 1ntact) is an

interastinq flndlpg and should enhance the understandlng of events from

\receptor drug interact:on to flnal ‘response.

Molecular Size by Radiation Inactivation -

Thls disaertatlon prov1des the first 1nformat10n olifhe mpiécuiaf'
size of the solubilized dOpamxne D-2 receptor as ~determined by the

radiat1on 1nact1vat10n technique. Target size analysis is the only known

| method whereby molecuiar size of the receptor or any other ‘functional

Jprotein can be determ1ned dlrectly in the membrane bound form and can

also be compared to the solubilized form. In this technlque, hlgh energy
electrons destroy the functional act1v1ty of a protein and radiation
sensitivity of a proteln is proportional to the molecular size of the
functional protezn' (Jung,.1984). The molecular 51ze of the solublllzed

receptor determined by radiation 1nact1vat10n was in close agreement with

the membrane bound receptor. The reported values of 146 x ioa + 17 x 108 -

and 139 x 103 * 16 x 10° dalténs in the nmembrane and solubilized.
preparation resﬁectively corfesponded closely to those reported earlier,

e.g. 136.9 x 10® + 5.2 x 10° daltons for rat striatal wmembrane (Nlelsen
gg?gl.,. 1984) and 123 x 10% daltons for human and dog strlatal membranes
respectively (Lilly et al., 1983). However, it should be p01nted out
that in the solubilized preparation, there was approx1mate1y 20-30% of
the portion which was a high molecular weight complex and was inactivated

below 1 Mrad dose. This portion (high molecular weight complex) could

. represent the multiples of receptor - Gi protein units and the presence

of NaCl in the solubilized Preparation may enhance the formation of these

multiple R-Ni complexes. Similar R-Ni multiple complexes have been
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reported for the ndemosime-receptor (Rodbell, _1980). These - high
'mOIecﬁlar weight complexes have also been~yre€ported in the lyophilized
irradiated hovine membrane preparation ‘%::mo and Tanaka, 1983) The
!ormation of these complexes in the CHAPS soluhllzed preparat1on has been"
reported by Kilpatriek et al (1984) . ' |

' The molecular size of p-2 receptor in the solubilized preparation
determined by target size amalysis is much lower than the reported
molecular size of 200 K daltons by the gel filtration method (Hall et
al., 1983). Thls discrepency could be due to the interference of
‘deterqent when the molecular size is determlned by gel flltratlon. In
another study, using photo-afflnlty labelllnq of dopamine D-2 receptor
with 1251IN;-NAPS followed by SDS. polyacrylamlde gel electrophoresis, the
molecular size of the dopamine receptor was reported to be 94,00% daltons
(Amlaiky and Caron, 1985) which hay represent the molecular size Qf the
.dopamlme D 2 receptor ¥ithout & protein. In the present solublized
preparation, receptor-¢i protein complex was evident. | The molecular size
for'a sub—unlt of G protein is reported to be 42,000 dalton (Narthup et
al., 1982). Taking this 1nto consideration the values reported here are
11ke1y to represent the molecular size of receptor—¢:1 subunit of G
Protein and are in agreement with the previous reports (Lilly et al.,
1983; Neilsen é: et al., 1984). ’

Scatchard analysis of [SH]sp1roper1dol blndlnq (Figure 16) in the
non-lrradlated and irradiated membrape as well as solubilized preparation
smowed 2 parallel shift in the curve with no change ip the Ko value.
These data indicate that the high energy electrons are directly

destroying the functional activity of the receptor as proposed by the
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target theory (Pollaqu 1951).

Affinity Purificatiop S S

nt:inity‘ chropatography is a highly spoci£1c techn1que Each

system ‘must have its own custom made atflnlty adsorbent.whlch reflects.

and utilizes the chemical; physical and blochemioal parameters of the

system_under study. This allows for a great deal of versatlllty in
application, but also requires spec1a1 effort in order to obtain the best
p0931b1e adsorbent |

In the past two decades, afflnlty chromatography has proven to be
a successful ‘technique for the purlflcatlon of enzymes and hormones.
However, except for 8 adrenerglc (Caron et al,, 1979, Shorr et al., 1981)

and acetylchollne_' nicotinic receptor (Heidman and .Changeux, 1978)

nourotransmitter reoéptors. In this dissertation,afor the first time, a
. -“_ =

isuccessful afflnlt? method for the purification of the - dopamlne D-2

. receptor has heen prov1ded Each step in this scheme was: specifically

2

Selectlon of the aff1n1ty adsorhent is a prerequxslte for the.

-

/‘ . T
purlflcatlon of any hormone or drug reteptor. In these studies, the

- ligand haloperldol has a funct1ona1 tertlary hydroxyl group for reaction,

hence hls-oxlrane activated ‘Sepharose was selected as the matrix. The

synthesis of bls~ox1rane or epoxy-activated Sepharose was carried out

routinely in the laboratory. Typically 10-15 uM of epoxide groups were

reacted with 1 gm of Sepharose. This reaction generates a'hydropﬁilic

Spacer arm. of 12 carbons linked to the matrix via a stable ether linkage

with an .aptive terminal oxirane group available for spontaneously

T

purification it has still a limitngggocess in the purification of other -
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coupling to the hydroxyl group of ligand (Lowe, 1979) Tﬁe spacér arm is

essent1al for setting the ligand away from the matr1x. Since the ligand,

haloperidol 1tse1f is a small molecule the spacer arm made it more

:accesslble to the receptor proteln and also avo1ded any non-speczfzc'

. 1nteract10n.

L4

\ .
9. Selection of the sultahle ligand is central to the preparation of

'1mmob1112ed ligand matrlx.- It must possess a suitable functlonal group

.capable of coupllng to a° support, must - he chemlcally stable to the

coupling process and must retaln the b1010g1ea1 activity during the

: process“ﬁt coup11ng. ngand select;on was the most difficult step in the

“whole aff1n1ty procedure of dopam1ne D-2 receptor puriflcatlon. - An

effort was. made to understand the molecular structure of dopamine
receptor ligands and the avallablllty of functional groups fdr there in
coupllnq with the gel Almost all of the dopaminergic agonists are
unstable and easily oxidizable and any modification of the'structu?t
could have caused the loss of bihding to the receptor sites. Attempts
for the linkage of'dopamiﬁergic agonists ADTN .or dopamine itself have
been reported by Morof and Hsy (1984). 1In their report it was suggestéd
that the change in thé color of the gel beads indicated the success of
the\coupling reaction. At this point, it is _hot clear whether the change
in the color was an indication of oxidation of the ligand or the true
coupling. Moreover, the extent of receptor activitg adsorbed on such gel
has not been mentioned in their study.’ Dopaminergic antag?nist,
¢clebopride which has a free amino group, . was coupled with the
commercially ::urallahlgn Afflgel 10 | (having succinimide ester _as the

reactive group}, .but the success with such linkage was very iimited and
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1t was d1ff1cu1t to quantltate the 11nkage. In addltlon, the adsorption

of receptor act1v1ty on the cleboprlde lihked gel was much less than that

on the haloper1d01 lxnked gel’ (Tahle 13) Another dopamlnerglc llgand

fluphenazlne (having a pr1mary alcohol group for coup11ng) was attempted{
to 11nk Wlth the epoxy-actlvated Sepharose. In thls reactlon also it was
ditflcult to quontitote- the couplinq of fluphena21ne to the gel

Furthermore, adsorptlon of the receptor act1v1ty to the gel was less than

30% of the total receptor act1v1ty applied Though haloperldol has a

tertlary alcohol as  the functzonally .reactive group, nonethéless it
proved to ‘be better than,other llqands tested It can be coupled po phe
gel with sufficient stablllty and affinity to act as an adsorbent. ag
mentioned jin the results (Table 10), coupling in this case was roughly
0.8 mol_por qram;gel, which'is * less than optinum Fequirement for the
affinity syspem (Lowe, 1979). However, the adsorption of the reoeptor
activity was 31gn1f1cantly hlgher ()éb%) than other-affinity adsorbent
Prepared in the laboratory (Table 12). Furthermoré, the linkage couid.

easily be quantitatively_ estimated by using [*Rlhaloperidol as the

‘market. Haloperidol was easily soluble in DMF. Sepharose CL-6B wag

also stable in this medium. 2nClz as catalyst was ap important step in
this reoctionn Without ZnClz, no haloperido] linkage wag detected in the
gel. The _stability and the copalenf nature of the reactioo was
established by Hashlng the gel repeatedly w1th DMF and excess water and .
finally with %00 mN NaCl in Trls—Hc} PH 8.0 [3H]haloper1dol was includeqd
as the nmarker -to quantitate the haloper1dol linkage to the gel.
Non-specific sites on the adsorbent were blocked by reactlng the gel with

1M ethanolam1ne PH 8.0 for over 10 brs. Such llnkaqe Wwas stable and
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there eas no sign1f1cant loss ((10&) on storage over 2 months at 4°C.
| It should also be mentloned that the haloper1d01 coupllng to
, epoxy—actlvated Sepharose CL-GB is reproduc1h1e and can be carrled out
easily. .. ‘ -_. ‘ .
In e_typicel essay: 60470$fof the receptor activity applied could
be adsorbed to the affinity columh'(rable 12). The adsorption of greater’
than 70% was not possible, wh1ch could be due to the presence of 150 mM
‘NacCl 1n the solublllzed preparatlon (NaCl is known ;o retard the _
'.adsorptlon of proteln to the column) Howevef, presence of NaCl in the
pPreparation was essentlal to malntaln the receptor act1v1ty, since on
d1a1y51s for removal of NacCl, (Table 11), percentage specific binding
was decreased to half that of und3 lyzed diluted prepartion. It should
be pointed out that this adsorption eff1c1ency is in agreement with that
of other receptors, e.g. B adrenergic receptor 70% adsorption (Caron et
al., 1979) and féladrenefgic receptors, ?3% adsorpgion (Regan et al.,
1982). 1In contrast to the adsorption of receptor activity on haloperidol
linked gel, there was ‘nc sicnificant adsorption of binding activity to
the controll_gel, i.e. epoxy activated Sepharoee without haloperidol
linkage. - |

[
The bioselective nature of the affinity. gel was examined by

blocking the receptcr sites with‘ differenf dopaminec;ic and
non-dopaminergic drugs. In these investigations, when the solubilized
receptors were blocked with- highly potent dopamine D-2 rgpep%or
antagonists, there was almost no adsorption to the affinity column

(Figure 19) whereas the receptor sites blocked with non-dopaminergic

drugs, e.g. ketansenin (serotonin receptor antagonist) and B8 adrene}hic
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hlocker propranolol could he adsorbed to the extent 51m11ar to ‘that ‘with

the control gel. rurther, ‘in these studies, stereoselect1v1ty of the D-2°

(f)-hutadlamol blocked the adsorptloﬁ of receptor act1V1ty to  the gel

: *
{Figure 19). Dopamznerglc agon1sts also inhibited- receptor adsorptlon

' with;similar dopamine D-2 potency ratio to the gel; NPA was more potent

than apomorphine in blocklng; the ad;orption of receptur activity_to the
gei. ) o ' | l

Elutlon of the adsorbed receptor act1v1tf was opt1m1zed by trial
and e?ror with different elut1ng agents (Table 14 and Figure 20). As it
1s cle;;M;rom the results, splroperldol in the presence of lipids was
more effective as the elutiﬁg agent than_othersbtested. Spiroperidol was
able to elute almost 70% of ﬁe bound receptor activity. Also, the
elution was concentratlon dependént, as 530 nM spiropeéidol {Table 14)
with lipids eluted more receptor activity than 100 nM spiroperidol with
lipids. There was no significant difference between 500 nM an;\i N

spirdperidol elution. Higher concentration of eluting agent interfered

with the binding assay, éince it became difficult to remove the ligand

' conpletely from the eluted fractions. To ensure the separation of-

elﬁtinq agent, 100,000 DPM of [3H]sp1roper1dol was added as a the marker
to the elu;ing buffer. Routlnely, 99. 98% elutlng agent (free and bound)
got removed by concentration with'Amicon cones and desalting (G-50). The
elution profile alse seemed to be quipe biospecific. Only dopaminergic
agents were able to elute the receptor activity from the colump, Among
dopaminergic agents spiroperidol was 3-4 times more effective than

dopamine in eluting the bound receptor (Figure 20 aﬁd Table 14),

1

te
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.Haloperidol was also'proportidnételg less effective thap spiroperidol ip

eluting the bound receptor. Other agents.like hianserin, propranolol, 1

M MgCl and 1 nK acetic'acid had iitile effecf on the elution of the bound
faceptor agtivity, | ' -
Maxim activit} of 'thé "eluted regeptor'éonld only be restored
when elution Was ‘performed with 1lipids. Both. soybean crude lipids
(cdntéinind 16% PC) and bovine fo;al brain lipids (chloroforﬁ-methanol
extraét) were efféctivé in resforing the receptor aétivify, However,
soybean lipids.repeatedlf restored 15-20% mbre‘activify than bovine -brain
lipids: It should be pointed out that soyﬁean lipids gave higher blank

values (20-30% of the total counts of ligand binding with no significant

Specific binding) than bovine brain lipids {15-20% of the total counts),

~ The concentration of lipid. (0.01%) and the formation of lipid vesicles

Seemed to be the most critical. In routine‘procedure, as mentioned jp
materiais.and methods,_}o ng/ml lipids (either soybean or bovine brain)
were suspended ip equilibrating buffer under nitrogen gas andlﬁéfé
sonicated ip a bath type sonicator for 30 minutes with periodic_stirfing.
If the concentration of lipid was increased beyond 0.01% it interferred
with the binding assay, - gave high blanks ang increased non—spegific
binding,

Addition of lipids to the eluted fractions and , concent;ation and
passing théough the G-50 colunn appeared to Se necessary fo: providinq
Proper configuratiop to the regions for binding. - Similar requirement of
lipid was found for inmunoglobulip I9E purified teceptor binding (Rivnay

et al., 1984). 1t is evident from these studies that some molecular

changes occur upon purification which may cause the stripping of certain
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phospholipids from the receytor protein, the absenFe of necessary lipid -
domain would make reconstitution a prerequisite for the funct10na1 D-2
Sreceptor binding. The requirement ofi\phospholipids has previously been
'alluded to in 1mprov1nq D-2 receptor binding act1v1ty in the solubilized
preparation (Wheatley and Strange, 1983- Wheatley et al., 1984).

" As shown in Fiqure 18, elution of the receptor act1v1ty wdas not
accompanied by a 31gn1ficant 1ncrease in the amount of protein, yielding
_a purification of approximately 2000 fold compared to the memhrane bound
_receptor activzty. This single cycle affinity‘chromatography vielded
specific activity of ‘greater than ‘150 pmol/mg protein. The overall
recovery was 12-15%, calculated from bovine striatal memhrane preparation’
-and 35-40% compared to solubilized preparation (Ramwani and Mishra, 1985,
198e6). The purification folds and the recovery were based on the
assumption that there was no interterecce of residual spiroperidol from
elution in the binding assay. Also, it was assumed that 100% of the
receptor activity was reconstituted with phospholipids. The true
efficecy of reconstitution could not be assessed in this study. Keeping
these above mentioned variables in consideration, it could be stated that

the present result may be an underestimation of the true spec1f1c
activity, the folds of purification and the recovery of receptor activity
from the affinity column. The actual purification fold and recovery
could be more than mentioned in the results.

In a routine assay, brotein contents in the solubilized.as well
the as. in purified preparation were deterpined by Bradford's (1976)
Coomassie blue dye method (commerically available from Bio. Rad). The

microassay, as suggested by manufacturer, was carried out for protein
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determination. The purified preparation was first concentrated to 1 p1

.and then required amount {100 ul) was taken for protein asséy. Portion

of elﬁtion'bufter vas treated the same way - as purified preparatign for
blank, i.e. it was conceptrated-anq‘then 100 ul was used for the blank.
Treatment of the blank in similar manner should avoid any interference of

the - detergent in the estimatioﬁ of protein. Furthernmore, protein

. conbentrafion was checked periodically by amido " black méthod (Schaffner

~and Weisgsman, 1973). An attempt ﬁas also made to determine the protein .

concentration by total amino acid analysis. Because of the degradation

‘of certain amino acids during analysis mainly of tfyptophan and cysteine

and alsc of threonine angd serine to a smaller extent, it became difficult
to exactly duantitate the protein’ concentration. However, arbitrary
calculation showed the concentration of protein to be 300-500'nanograms
per ml of concentrafed fractions by.amino acid analysis.

The purified receptor exhibited similar pharmacological
charactqristics as solubilized dopamine p-2 receptor. The dissociatiqn
constant (Kp) obtained from Scatchard analysis for (*H]spiroperidol was
similgr to that of the solubiiized receptor (Figure 21). Purified
receptor 'also showed similar ‘specificity as that of the solubilizeqd

receptor.  The antagonists, ngmely, spiroperidol; haloperidol,

with close agreement to the solublized breparation. The

stereoselectivity of the Feceptor was retained throughout the

solubilization ang purification Procedures. (=) -Butaclamol had ICao

values iﬁ’/micromolar range. Agonists showed similar rank order of

potency in the purified Preparation ag compared to the solubilized
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preparation (NPA>N0434)dpomorph1ne>dopam1ne ) . However, it should be

poxnted out that the ICuo values are hlgher in the purified than in the-

solubilized preparation. The reason for higher ICso values for agonlst

in the purified preparation could be followinq:

i)  The cholic "acid NaCl soluhlllzed preparat1on exhibited biphasic

antagonist/agonlst dzsplacement curves 1nd1cat1ng the presence of high
and low .affinity binding sites, - Furthermore, the high affinity sites
were associated - with GTP binding protein. It is possible that during
purification there was a .detachment of G—proteln from the receptor and
hencéforth hlqh afflnlty ‘gites either were 1lost orhconverted to low
affinity sites, which is reflected by a shift in the ICso values. This
-hypotheeis can be supported by the ‘evidence that in the purified
preparation there wae no sianticant binding (<15%) of [*HINPA at
concentrations ranging .from 0.1 nM to 1 oM. Furthermore, there was no
effect of {00;1H pr(NH)p on the displacement of (*H)spiroperidol by NPA
(Figure 22). ‘
ii) In the purified D-2 receptor, [3H] spiroperidol bindinq could only be
demonstrated when the elution was performed in the presence of lipids.
This‘may suggest a conformationel change in the receptor configuration
upon purification and addition ‘of lipids restored the ligand binding
conformation. This change may contribute to the shift in the ICso
values, also it could have led to the dissociation of G-protein from the
receptor, The lack of GTP binding protein in the purified g adrenergic
receptor preparation has been reported by Caron ety al. (1979).

The dopamine D-1 specific aqoniét SK&F 38393 (Stoof and Kebabian,

1984} showed a ICso value in high ﬁicropolar concentration (ICs0 value

RPN
. [
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for D-1 is in nanomolar) confirming the non-existence of the p- 1 hlndlng

'siteg 1n the purif1ed preparation. Furthermore, as reported in the

results section, our solubilized preparatlon had minimal Dp-1 binding
sites, since there was less then 20% spec1f1c blndlng of D~1 ligand

[*H] flupenthixol. Non-dopam1nerq1c drugs, e.g. the serotonin receptor

. antagonist (ketanserin), B - adrenergic antagonist (propranolol) and

adrenergic réceptbr-antagqnist (phentoloamine) tested in solubilized as

well as in the purified preparation showéd displacement of

[*Hlspiroperidol in the micromolar concentrafion range. In the purlfled

as well as the solublllzed preparatlon, R5200, a spec1f1c ligand for

: splrodecanone site (Gorissen et al., 1979)_disp1aced [?H]spiroperidol

) —_— - —_ . .
P - o =

only above 10 uM concentration, showing the lack of these nonspecific
bindingr sites in the preparatlon.

Recently, Hor01 and Hsu {1984) have reported the isol;tion and
partial  purification of a° dopamine binding protein {using a
dopamine-linked'affinity column} and Subsequent characterization with
Photo-affinity labelled dopamine. However, it remains to be ascertained
whether the binding protein ig linked to dopamine or serotonin, since
splroperldol has high affinity for serotonin (§-2) receptors as well.
Furthermore, the tissue source (cortex) is rich in serotonin: and

relatively deficient in dopamine receptors. The reported Kp values (4-12

. nM) for spiroperidol appeared to be higher than values in the literature

(Seeman, 1980) for the dopamine D-2 receptor. In the present study, the
Ko value of purified receptor (0.15 nM) is in close agreement with the
binding kinetics of dopamine D-2 receptor. In addition the authors'

(Moroi and Hsu, 1984) cla1m to have purlfledé the b1nd1ng protein to
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—\homogenezty is d1£f1cu1t to apprec1ate, partlcularly when there Was Just
4-£old purif1catlon after affanlty chromatography. In other studles,

Lilly et al. (1985) have partlally purified the receptor by a comb1nat10n -

of gel filtration and isoelectrlc focussxng, showing a 20~fold
pur1f1cation from the starting material. - In another study uslng lectin
affznlty chromatography (speczflc tor glycoprotezn) Lew and Goldsteln
(1984) have purified CHAPS solublllzed dopamlne D-2 receptor up to
12—fo1d. The adsorhtlon of the receptor act1v1ty to lectin suggest t
receptor is a glycoproteln., Similar flndlngs (1 e. D- 2 receptor is a
glycoprotein) have .been reported in cholic acld' NaCl solubilized
,preparation (Hall gg_g;,, 1983). ' .
The affinity chromatography procedure reported in thls thes1s has
many advantages over other methods used for pur1f1cat10n. (1) the
. haloperidol derlvatlzed support described here appears to be much 31mpler
‘to synthesize, since it involves only a two- step reaction whlch oould be
completed in two days; and {2) the purlflcatlon obtalned w1th this
procedure is s1gnif1cantly h1gher than any other procedure reported
earlier {Moroi and Hsu, 1984; Lllly et al., 1985). Simple concentration -
with Amicon’ cones and desaltlng on Sephadex G-50 have facilitated the
measurement of binding activity in the receptor enrlched preparatlon,
particularly when spiroperidol was used as an e1ut1ng agent from the
affinity column. Although receptors purified by one step affinity
procedure have not reached the homogeneity state of purified protein, it
will serve as a key tool in achieving the eventual purification to
homogeneity of the dopamine D-2 receptor. It will require ancther 10-20

fold purification to reach the homogeneity state of purification, which

€
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can heA'.achieved by comhininq afflnlty chromatogaphy w1th other-
techniques, g;g; nolecular sievinc on hlqh pressure 11qu1d chromatography
- (HPLC) or 1ect1n chromatography. Reconstitutlon of purltled D-2 receptor
with- the subunit of adenylate cyclase system should enhance the
understand1ng of the molecular events of drug-receptor 1nteractlon and
the final response. Reconstltutlon may also help in understanding the

basls of dopamlne receptor c1a981f1catlon and may resolve controver31es

.surroundinq the suhclasses of receptor.

- A
.

snnnarx and Conclusions

This thesis 'provides key procedures- for soluh111zat10n and
purification of dopamine‘D-z receptor from bovine strlatum. An efficient
.-801ub11123t10n procedure and a hlghly biospecific afflnlty chromatography
Procedure for the purification of dopamlne D-2 receptor have heen'

established in this thesis. I submit that experiments reported here tast

and support the following conc1u31ons }

i) Dopamlne D-2 receptor has been solubilized from striatal membranes
by a cholic acid - NacCl combination..

di) Recovery of the solubilized receptor by this procedure from the

four species -tested was greater than any other presently available
Procedure in the literature. |

iii) Solubilized receptor satisifed the criteria of soiuhility as
suggested in the literature.

iv) Solubilized receptor demonstrated slnllar Jpharmacological
characterlstxcs, i.e. affinity, spec1f1c1ty and stereoslectivity to that

of membrane bound receptor.
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-.evY , SOIublllzed n-z receptor exh1h1ted haqh aff1n1ty blndan gites
_assoczated with GTP hind;ng prote1n o! the adenylate cyclase system.
vi)  The presence of high affinity sites in the solubilized preparat1on
fhaaﬂ%een establlshed by a shift of [aﬁ]antaqonlst/agonzst curve to the

' riqht vith Gpp(NH}p, a GTP analogue. Solubilized receptor binding to the

dopamine D-2 h1gh afflnlty ligani, [®HINPA " was .‘ saturable and occurred
with high affinity (Ko 0.30 nM). - - .

. iii) Target size analysis by radiation inacti&iation exhibited

31m11ar1ty of molecular 31ze in both , the membrane hound and the
solublllzed dopamine D-2 receptor from bovine striatum.

viii) Aff1n1ty chromatographic technique has been established for the
purlfxcation of solubilized dopamlne D-2 receptor. Affinity gel
(haloperidol-linked epoxy-sepharose) satisfied the criterla of
adsorption and elution specificities.

ix)  Using this techrique, more than 2,000 folds enrichment of the

_dopaﬁine receptor with good recovery and specific activity (169,900

fmol/mg protein} has been achieved. —

-

x) Purified receptor exhibited similar pharmacological

characteristics as that of solubilized and membrane hound'dopamine D-2
' 9

-

receptor.
xi) Requirement of lipid seened essential for restorlng the
[*Hlspiroperidol binding. act1v1ty of the purified receptor Finally, the

receptor purified by} affinity chromatography should

producing monoclo ntibody to the dopamine receptor, also it‘should be
pivotal in understanding the molecular events from receptor drug binding

to the final response. The results described in this'thesis should open
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