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. SR ABSTRACT
- 10N-INDUCED CHANGES IN ELECTRON -SPIN RESONANCE . \
SPECTRA OF SPIN-LABELED OPIATE RECEPTORS -

Chandramall!kg Das

This study has shown a conformational change (in the morphine
receptor site in the presence of Na* ifons by means of ESR technigues.
Morphine receptor preparation can be specifically labéied at sulfhydryl

sites by maleimide spin label. A conformational change in the opiate,

. receptor structute will be indicated by a change in the spectral par-

ameter that represents the degiee qf mobility, e.q. the rq&ational cor-
relation time. The study provid;s a biophysical proof for the hypoth-
esls that the receptor Is present in two interconvertible conformatidns;
one i;.the Yagonist conformation' or ''no sodium state'' and the other is
the “antagonist‘conformation“ or ''sodium state'', Spin -labels ;ttached
to the receptor will show different rotational correlation.times depend-
ing ‘gn the state of the receptor. It is confirmed also that a decrease
in the mobility of the spin label is not an effect of ionic strength or
of cations‘in general, but 5 unique property of sodium to stimulé&e the‘
antagonist conformational state. K% ion has no effect on the spin label
on the mérphing receptor.

L3

2 to the spin labeled morphine receptor results

Addition of Mn*
in an interfering spectrum whfleiadditidn of Mg+2 causes no sianificant
‘change in the spectrum. ' | '

The effects of morphine on receptor conformation ;énnot be
studied by means of ESR techniques using isothiocyanate spin label s}nce
it does not attach to the specific sites of the receptor preparation.
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CHAPTER I

INTRODUCTION

1.1 Definition of Problem

The present study has employed the spin label techniques to

provide direct physico-chemical evidence for the hypothesis of sodium~

induced conformational changes in the opiate receptoyx site proposed

by Snyder et al 1 pased on drug binding studies qnly.

1.2 Introduction to the Opiate Receptor Concept

Biochemical identification of opiate recepto bindingz’3’4

has permitted the characterization of many properties of the pharma- |

cologically relevant opiate tecepéor, including regional \variations in

7

the brain 5,6, occurrence in specific clones of neuroblas cultures '/,

8 9 and The

~

, localization to synaptic membranes

10,11

phylogenetic variations
influence of enz;matic treatment gsensitivity to monovalent cat-
ions 12’13, divglent cations 14, and protein mo&ifying agents 15’16;
Idehtificatién of receptor site-%or pharmacological action of .
opiates is extremely significant in elucidating how these drugs relidve
pain, elicit euphoria, gnd addiction.
Narcotic analgesics or opiate agonigts are defined as central
nervous system (CNS) depressants that releive pain without,.at the same ~ .

time inducing loss of consciousness. They are addictive and act at the .

specific sites in the CNS and are thereb& differentiatedvfrom other CNS

' depressants such as barbiturates and anaesthetics that act more generally.

I
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: Tolerance and physical.dependence are mainly associated with these, 1["‘ o
. , N i , 2
oplate drugs, that .can occur to a variety of drugs -also, such as al-

o '-‘ .ﬂd

T et

© cohol and barbiturates. The alkaloid morphine, which ig the best I SRy
- ‘ ’ a ‘ : ) . A Ed". 2. ""~
N knéwn narcotic analgesic, has the following structure: . . é"” "
. .o <
) ~ ‘ 0,

Ca g, R
LT

Y ° ' .

. OH MORPHINE . . ’

. Morphine and the relhtéd drugs that exert,,anaigesic effects

+  are gene;aliy reterred to as opiate agonist molecules.
{ .

-«

,The main points which support the view that opiate 'acgions:

- 3

must involve highly selective sites or "receptors" are as follows: :

! t

_:‘g;.'i,. )
+

* N 3 ’\,/ ’

° | ) . 1)  The Overall Similar 'Structure of Qpiate Agonist Molecules, %)
’ In spite of different novel structures characterized as having morphine- ’Setf"«’::*ﬂ:i.%-'
e - ‘ Tty bl
RN :.,é;;v«‘
| like actions, no significant analgesic-has yet been identified which r’.:;-."ff‘i._‘tﬂ, S,
- » o N
. ! . B g R0

lacks a basic centre (at physiological pH, the nitrogen, atom is pro- f"?"‘%.;

tonated, forming a cation) or aromatic features, The -OH group attach

o

to the phenyl érqup is not an abgolute necessity for the narcotic anal-

¢

-

gesic activity but contributes some activicy. T a

a

¢

l}ﬁ
'S
i\-'.

' ) e There are also many potent analgesics which do not follow

e

the simple structure activity relationship, e.g. fentanyl.
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Etorphine, the mosts potent narcotic analgesic lmowu,
has the -folloving‘ structure. Etorphine has a high degree of ’llpid

solubil;Lty 8o 1t gets into the brain very quickly resulting in an

extremely high parenteral activity. ' ( ' o
o .
G

ETORPHINE -
/ e ’
' 2) - The existence of opiate antagonist also favors the re-

3

ceptor concept. Opiate antagonists are dmﬁa closely related in stru'c-
:ture to the correspondlng opiate analgesics, vhich haxe no analgesic
or euphorlc effect thunselves but which can conpletely reverse: actions

of oplate\&nalges:lcs. Tbe example of a potent antagonist is naltre- -

xone, wbich has the. following stmcture, . e . .
. .-
¢ oA ' T . !
- . - ‘. - > ’:
- . . .
&, - = . -
. :

s
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" NALTREXONE : | L .
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s

‘ 3) The fact that small structural changes which are likely

‘ . , to alter thg physical pro;’)erties of the molecules to only minor de-

t

grees may bring about dramatic changes in potency sis also a proof for
thé existence of an opiate receptor.
1 ) 4)  The governing role of stereochemical features of the

. , . potency of narcotic agonists and antagonists also suggests that opiate

' . actions must involve highly selective sites or "receptors".

A

A N ' Receptors are specifically located on the synapyic megbran

of brain tissue, Occurrence of receptors in ileum has glso been re-

¢

ported 17. Oplate receptors are confined to nerve tiss es 2. ‘A reg-

ionanl‘st,udy of opiate receptor binding of tritiaéed oplates ;_n rat

brain has revealed the most ‘bind;.ng in the corpus striatum. ' Recep-

tor binding iz detected ‘in the cerebral cortex, the mid-brein and the
s brain stem but the binding in the corpus ;téatum exceeds that of the
T, cerebfal cortex more than fourfold. '/,Recepto'r: bindiné is very low, .

, , -
almost negligible, in the cerebellum.

i




\ ~ '
~lation procedure difficflties, the structural features of ,the receptor

Subcellular fractionation 2 of rat brain has shown the great-

est enrichment of opiate receptor binding in the '"microsomal" fraction
. ” - ’

. L) k

which is rich in membrane fragments. About half the total opiate re-

céptor activity can be recovered in the mitochondreal-synaptogomal
fraction br the Py fraction , The nuclear fraction contains the least

e
dpidte receptor binding. No opiate receptor binding can be demonstrated

- in soluble supernmatant fraction. Hence the P fraction prepared f£rom
. 3 '

ra'{: brain\by‘ the Simon‘* .and Snyder 15 groups has been regarded as the
opiate receptor since it binds opiates stereospecificallyqand the bind-
ing of opiates closely parallels the pharmacological potencies of opiktes.

»

In addition to its stereospecific binding properties in pharmacological

: concentrations, it fulfils many other criteria for drug receptors, such

as s%fprabiiity, reversibility and cell specificity. A sharp pH optimum ,‘

at 7.4-7.5 for specific binding of opiates is also found, with no bind-

ing below pH 5 and above pH 10. '
i

The isolation and molecuiar characterization of most membrane
ound opiate receptors will te no simple task. A (3H)-etorphine recep-
tér complex has been solubilized by Simgn et al. 18 from rat brain
synaptosomal fraction by\extraction with the non ionic detergent Brij 36T.
But' the receptor. loses its binding capacity as soon as the bound etor-
nhine nas been taken out. The'redqced affinity for etornhine binding

.

may point to some distortion of the binding site. Because of the isg-

“

"'molecules are not very conclusive. It has been suggested that receptor

is proteolipid in nature. Protein constituents of the receptor moiety

- e xae
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are mainly responsible for its activity because receptor molecules are

deactivated by’ proteolytic enzymes, protein modifying agents, and heat, g’

10,15 Low concentrations of.trypsin,chy-

as shown by Pasternak and Snyder
motrypain and phospholipase A reduce opiate receptor ‘binding markedly,‘
while phospholipases C and D aﬂ neuraminidase have negligible influ-
ences on the binding of agonists or ant.agonists. Small amounts of RNA-ase
and DNA-ase are without effect. Trypsin appears to decrease the number
of recento\r binding sitel without altering it?s affinity for opiates,
while chymotrypsin primari'Iy lowers their affinity for opiates with lit- -
tle effect upon the to.tal number of receptors. Trypsin and chymotrypsin
deerease receptor binding in a biphasic fashion, As the trypsin con-
centration is increased it seems to destroy receptor binding in two
phaseﬁ i.e. a very sensitive phase up to [Agfml, and a less sensitive

" phase between # and 30 4g/ml. With chymotrypsin'the degradation is also
biphasé._c, v.:ith a very sensitive phase up to 0.5 Ag/ml, and a less sensi-
tive phase between 0.5 and 250 ug/ml. The biphasic decrease in bind-

ing shown by both tr."ypsin andvchymotrypsin suggests the presence of

mér;e than one po{mlation" of sites with varying degrees.of ‘sensitivity

to '}proteoiyais. By coxitrast, the phosptx\olipaees degrade binding in'a

monophasic fashion. Thus the opiate recepl:or'appears to be a membtar/xe‘

‘

bound complex requiring the integrity of both proteinsg and bhospholipids

/ for opiate binding. Differential effects of sodium 12,13 and protein

modifying agents 15, 16 , and proteolytic enzymes‘ 11 on opiaté agonist

and antagonist binding to receptors suggest that distinct binding sites

0 1




exist for égohists and antagontsts, although they may be both on tﬁe
}

same receptor as explained by Snyder, et al.2,4,13,19

Low concentrations of proteolytic enzymes and reagents which
affect sulfhydryl groups, e.g. N-ethylmaleitnide, iodoacetamide and

phenylmercuri.c acetate reduce opiate agonist binding with neéligible

effects on antagonist binding as shown by Snyder, et-al. 15, This
strongly suggests that one or more -SH groups is associaté‘d with the

opiate receptor which is much more important for agonist than’ 'hntagoﬁ-

ist binding. Prior treatment with opiates protéqts the receptoi from

.

those sulfhydryl reagents so it is likely that this group may be at .or
| , .

near the binding site. 'On the other hand, protection may be dué to con-
formatignal change induced by c;piate binding or by allosteric inter-
actions. These reage;lts.décrease t;he apparent numbet: of agonist bind-
ing sites without altering their affinit}.r and also increase the sénsi-
tivity of agonist binding jto the inl-kibitory effects of sodium, although '
it is not possible to estab].ish_ a causal relationship bel.tween the in-

Lo
crease in sodium sensitivity and reagent actions. \ |

Low conéentration of sodium ions (2 5 mM) enhi{mcqg~ the ster-
. : | .
eospecific binding of antagonists while reducing the agonist binding to
brain homogenate, This differential effect of Nat is highly specific -

since it is elicited by Na+-and Li+ but .not by K+ ion and other mono-

o

‘\;alént cations. It is shown that this property is not a general char-

-

acteristic of cations or of high ionic strength but a propérty of so-

12

dium 12,13 | 2g per literature the increase in antagonist binding




results from an enhancement of binding affinity, i.e. due to an

acceleration in the rate of association but not from um:iasking of new
- o

binding sites. The reduction in agonist binzling in the presence of X T
sodium is due to a decreagse in binding affinity, i.e., due to an accel-

eration in the dissociation rate of agonist from binding sites, but no’

effect can be seen on the.dissociation rate of antagonists.

K3

Low physiological concentrations of Mn+2 and Mg+2 ions to
’ ' . )
some extent selectively increases the binding of agonists and reduces
: . .

! . .
the binding of antagonists 14 . The differential effects produced by Mn'"2
20T Mg"'z ions are not as i)ronounced as the effects produced by Nat ions. I
Significant ef’f.ects of )m:z are produced only in the presence of the

&

Na*t i,ori. c& ¥ ions fail to produce such an effget. -
. B . ! i

-
e -

\ From the studies of the differential actions of protein modi- = *

%'ing agents and ions, a model for the opiate receptor conformation has

b;m proposed by ‘Snyder et al, 1 o explain the pharmacological actions

of agonists and antagonists. The opiate receptor is postulate& to ex-

ist in Qn'equilibrium between two conformatiohs whigh preferentialiy

-bind agonists or antagonists as shown in Figure 1.1. It is hypo_thesized

that sodium induces a conformational chgnge in opiate binding sites so'

‘that F}le transformed site exhibits greater affinit;y for antagonist‘s‘apd
reduced affiniiy gor a;onist‘s. 'I"he hypothesis is supported by the com-
petit_ion of, agonists and antagonists for receptor-gites, The opiate

binding sites can vary as the receptor is transformed between two con-

! >
formations: one is "Na state" or "antagonist conformation'; and the
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other}is;"no Na state" ‘'or "agonist conformation”. Antagonists have

greater affinity for the tagonist-sodium form of. the ;eceptor while

agonists B;ud preferentially to the agonist-no sodium receptor state.

Pharmacological actions such as analgesia occur only when a drug binds

B

. to the agonist state of the receptor so that antagonists block the ef-
A

1

"fects of opiate analgesics by binding t0'thé antagonist coﬁformation of
the receptor. |

Accordiné to this model.the selecE}ye decrease in Zgonist T
binding éroduged by protein modifying agent; could be attributed to ef-

i

sfects on sites which are involved in the interconversion of receptor
conformations so that the sites freeze in the antagonist cogkormation.
Tﬁis explanatio; is consisfent with e;idence that the reagents act by
enhancing sensitivity of the receptor to sodium. It also accords with
»the ability of reagents that act on diff;rent cheﬁical groups to differ-
ently alter agonist and antagonist binding,. since one would expect num-
erous chémical groups~Fo bg involved in the transition between conform-
a:}onai states of the receptor. Alternatively it is cgnceivablg that
the receptor cent;inq dibtinct binding sites for agonists and antag-
onists. : , /
Isolation of opigge receptors has yet to be accomplished. No
definitive information that %elates alternations in opiate binding to
tolérance dependence state hag been obtained 20
) The model suggested fp: opiate receptor conformation -to..ex~-. - _. - S

plain opiate actions is simply hypothetical, supported by strong evidence
\

obtained, through radiocactive tracer techniques. This model has not yet -

.

R &
\ o a -



. ) 'stability at pH 2-10, high and low salt concentration
I ¢ . A

11

o - been confirmed b‘y physical techniqueq.. The present study i:herefore
utilizes a nitroxide spin labell probe and uESR spectroscopy Qs an ef'fec-'
tive: biophysical technique complementing ﬁ,rac.iioact:{,\;e tracer techniques
for the study of the narcotic analgesic receptor site. Eventually it
migﬂ,t provide further new insight lfnto the mechanism of actions of
opiates. : J; ' v N |
1.3 The S‘Ein-I:abel Methc;d. . . .

lSpin labeling is a versatile spectroscopic technique‘that,, ) ~ \
employs stable organic f,ree radicals as probes of structure of bip- ‘

. logicali}; important ﬁa‘c;;.‘omoleculea. This method was origlinated. b} ,

Christie & McComnell 21, ‘The first use of Iaclass of stable organic .

free radicals known as nitroxides was reported by Stone, et al. 22 . The

most successful compounds used as spin labels to date are the nitroxides

of general structurdl formula (I) : :
[ R\ )/Rz ' ' o g
. I : N, . .

\ - . 69

.~

Detailed accounts of the chemistry of nitroxides have been publisheci'23’24.

"

Spin labels offer some important advantages over other struc-

-

tural probes inéluding,,
. -

and tempreature from 20 - 70°C, : . ) . '

: "~ b) high sensitivity, )

.

.
THELERU T e, S T T
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Y

¢) freedom from spectral interference (most biological sys-

X . tems are mot paramagnetic), and

d) the-absence of any adverse effects of sample opacity. In

%

.+ addition, labels can be prepared that are hydrophobic, Hydrophilic, or

amphiphilic. 4

EI

Labels have been attached to macromolecular systems by co-

valent as well as by mon-covalent bonds 25 . Most spin label studies of

o 2

biological systems have uged ESR of the labels 23,26,27,28,29,30

' Pure nitroxide spin labels are available commercially in combin-

ation with different attaching groups, e.g. maleimide, iodﬂcetamide,
{

bromoacetamide, isothiocyanate. Each of these attaching groups has been
found useful in binding to different chemical groups on protein moie-

‘ cules or other biological macromolecules. .
' 1 1 . ' !

3

Electron Spin Resonance (ESR) Spectroscopy of the:

5 ]
Nitroxide Radical ;

An approximate spin' Hamiltonian,3C, describing a collection of
L ’ . (]

i

nitroxide spin labels 18 31 .

|
<

3C= |8/ S gl +8 Al +electron - electron dipole and
exchdnge terms . . .

-~

where & is the electron Bohr magneton

g is the spectroscopic spli_tr.ir.xg tensor -

i -

A is the elect:ron-t;uclur hyperfihe coupling temsor

112]

is the electron spin operator .

| Lol
o
[ ]

the nuclear spin operator

the instrumental magnetic field, respectively
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The electron - electron dipole and exchange terms are signi-

ficant only when large local concentrations of spin labels or dinitrox-

ide spin labels are used 32 . The Hamiltonian can be expressed as

v 30= /8 Sg B+S AL _—
» o o

for nitroxide .spin'labels tumbling rapidly in solution, where g, and A,

are the isotropic components of g and A.

The first‘ term in the Hamjiltonlan is the electron Zeeman term

representing the interaction of the magnetic moment of the unpaired elec-

tron's spin with the applied magnetic field. The electron may exist 1n’

one 'of the two energy states in which its magnetic moment 1s aligned ei-
ther parallel or antipar.alleli to the direct‘ion of the field. "i‘f;ansi-
tions between these two energy states can be induced by the applicatidm
of electromagnetic radiation of the appropriaté energy. At resonance

n

the relationship is:

hr=gAH |
where h is Planck's constant

\

¥ is the microwave frequency of the ESR spectrdmeter. N

H x '

Electron spin resonance can be observed when either H or 7 is
varied. For experiment convenience it is u’s.eful to keep ¥ constant
while H is charg'ed. Most commercial ESR, sp’ec'trometers operate in the
microwave frequency range of 9 X 169 Hz or (9 GHz) so that H is al;ﬁroxi-

mately 3300 gauss (G). ' \




Y hemeea . o

LA " " The second term in the Hamiltonlan repfe;ents the i#teraction
‘between the unpaired electron and the nuclear hpin,‘I - of the nitrogenf
‘in the nitroxide N«0 group. Since I is equal to 1 for’' 1§N the Zeeman
line will be split into 2I + 1 or three lines of equal intensity sep-
arated by A , the isotropic hyperfine cogpling constant, and centered
around g,, the isotropic g value. In qualitative terms, the magnetic
moment of the nitrogen nucleus can be aligned parallel, antipargllel,-
or perpendicular to éhe applied field. Since the magnetic field experi-
enced by the electron is the sum of the external field and the local

, conttibution provided by the 4N nucleus, it follows that the electron

expériences thr;e different magnetic field values, each of which gives

‘rise to an absorption line in the spectrum. For technical reasons, tﬁe

’ ‘ comnercially availabie ESR instruments display the spectrum at its first

derivative instead of the simple absorption spectrum familiar to optical

-

spectroscopists. The electron spin resonance (ESR) spectrum of the ni-

@

troxide radical when present at low concentration in a non-viscous sol-
vent consi;ts of equally spaced lines of about the same height, as‘éhown
in Figure 1.2;

* The spectrum is characterized by three parameters: ‘(1) the
hype;kine splitting (4)), i.e., the distance (G) between adjacent lines;
(2) the so-called g factor (go), i.e., the posi;i;n of ché center line
in the magnetic field; and (3) the peak to phak line width (G). From

the combinations of these three useful -spectral parameters, information

Y
+
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can be obtained about the orientation and mobility of the nitroxides rad-

P PE

dcal. The ESR spectrum of the nitroxide radical is cgusceptible to:
- ' " (a) the orientation of the radical with respect to the applied magnetic
field; '(b) the mobility of ‘the radical; and (c), the polarity of the en- o

.vifcomneu‘t Of the radical. . o

‘Effects of Molecular Qrientation of the Radical on

. S '®.. Spectra from the Spin Labe] - ' ;

| . ‘ . N - %

by

' N When a nitroxide radical is incorporated into a host crystal

“pd
[y

X e

- and the crystal axes are rotated with respect to the magnetic field,
N . - N N . , ¥ . j2d
spectra similar to tho‘se of Figure 1.3 are observed. The conventional

axis system for nitorxides is defined below. The unpaired electron is
composed of the px orbitals of/nit'rogen and ox';'gen. The observed values
for the components of the hyperfine ‘tene:)r indicate that a subst:entialg

fraction of the unpaired electron is lo¢alized on the nitrogen atom ?ﬁnd

VoL therefote suggest that the 'NO three-electronn bond has polar character,

as represented here: . . .o
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F1G1.3 Crystalior'lentauon effects on i1st derivative ESR speciraifrom
single crystals of temi_methyld, 3-cyclobutanedione doped with di-tert-

- butyl nitroxide. The g-and A-tensors depend on_the crysfal orientation

. o S
.with - respect to the ESR instrumental magnetic field.

-
(Adopfed frqm Ref. 32 ) _—
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" Because the molecular: orbital containing the unpaired electron is made
AN

up in part of' a degenerate oxygen PX orbital, the g factor for the ni-

31

troxidé moiety is expected to be anisotropi’c (Byx '#‘"gyy ¥ 8gz) - The

[

" hyperfine coupling tensor is also amisotropic and is most often medrly

axially symmetric (Aq,¥# Axy o Ayy) because of the occupation by the un-

paired electron of molecular orbital of a X symmetry 33 . Thus, the

center of the magnetic field position (g'factox/‘), where ESR’absorption
occurs, and the separations between the hyperfine lines (A, hyperf;.ne .
‘ »

?

coupling constant) will depend upon the orientation of the nitroxide
* with respect to the instrumental magnetic field (H). As shown in Fig,
1.3, the g tensor decreases while the A tensor remains approximately con-

stant and then increases as the magnetic field is aligned parallel to

"the x, y and z axis of the nitroxide crystal, respectively. Tpg largest
h’yperfine 'splitting (Azz)T is observed when the magnet:i.:: field is paral-
lel‘to the nitrogen J7 orbital (z axgis). Griffith, et al. 28,34 found

' that di-teé-{)utyl nitroxide in a single crystal of tetramethyl-1-3-
cyclobutanedione had the principal values of A,=7.6G6, Ayy =6.06, -
A,, =315 G; 8,5 2,0056, Byy = 2.0061, and g,, = 2.0027. Th,e assign-

ment of thé p‘rinCipal values was made possible by knowing the crystal

& AN

. .
structure of the host and initially assuming that nitroxide was oriented

in tﬁe;host orystal as a substitutional iimpurity. The A and'g values of

ﬁ many nitroxides are »vé.ry nearly the same. Comparison of the.g and A

data as obtained for different nitroxides, supports the folloiviné useful
o . . ‘

generalization;2’




i
¥
£
J

e R o

R L N

. e o

.

ey
AP LAk sty s mometram s e

Lo
f P AN
19 R
J )
R 326 2 Agp DAy = Apy™ 565 gy > 8YY\> Byy
“ . If the polycrystalline nitroxide is dissolved in a solution

L . of, low viscosity, such as water, th& triplet is observed as in Fig. 1.2.

The A, and g, values of the thr'ee-lin'ed spectrum are related to°the ‘

single crystal data by:

’

“ .

,ﬂ el ey

: o wlee ’ . ]
8o '3'(8xx+gyy+3zz) . /

or A, and g, values are each'of the average of the values ‘seed in Fig-

ure 1.3.

- ® N

Effects of Molecular Motion on ESR Spectra

4

Wﬁen the molecular motion of a nitroxide radical in dilute so-
lution is decreased by increasing the viscosity of the solvent, the ESR

lines broaden and the spectrum becomes dssymmetric (Figure 1.4) with a

¢

maximum separation of 2A,,. The ¢ommon terminology for these spectra are
partiiall)} immobilized, strong‘l}: immobilized, and "powder spectra" (i.e., -
8pin 1ab¢ﬁs,are rigidly bound to large proteins that mean the molecular -

motion of the spin label is completely restricted and a powler spectrum °

|
is qbtajped), - S ) ’

A parametert,. rqtatifmal correlation time 22’32’35’36"37’38’39

Lo which is inversely related to the 'ﬁumblit;g rate of the nitroxide car be

« v .
‘ .
.

-




:» = J |
. ‘ ‘
0 S T
. /
A &
’ \
. L
Lo o “ ., A A ‘Free”
v : ., ' »
B “Partially” immobilized

. - » - &.

’ : :Strongly” immobilized

“Powder” or Completely

ﬁ . immobilized
|
\
A
) \ - - FIG1,4 Spectral effects of increasing giycerot-solition viscosities,
"-— A to D, ceusing a decrease In the rotational motion of dissolved
N-(1-0xyl-2,2, 6, 6- tetramethyipiseridinol J spin level,
. Sl eihs o e s .— z
. (Adopted from Ret, 32 ) - o
' / .
\
0 ' , ( o
1
—— :
‘ . z g ;
S ESE— . i



e

gty

PR, «.w...««wumsmf-ﬁm‘:#_m‘ B
N .

L P

AT

21

!

calculated from the 8pe;:tra. The nitroxide ESR spectr;,aré very sensi-

tive to the rate of molecular rotatioﬁ coveﬂn‘g a range of corrélation

times from 1071l gec (triplet) to 107 gec (a strongly immoblimed spin

]u.abel spectrum), This sensitivity may be utilized to describe the re- £
stricted motion of a spin label when attached to a macromolecule. The

chapges in the structure of the si)in-labeled mac‘romtglecule‘, resulting ' o
in a change in the mobility of spin, will be indicated by a corresponding
change in the specttai parameter of mobility, e.g., 't'; or other rTelated
parameters. Spin labels have been used, therefore, to study the confor-

mational changes in biological macromolecules and the structure and

function of membranes 25,32,40,41,42,43 .-

Effects of Environmental Polarit:x on ESR Spectra

Due to the polar character of the N-0 bond, the hyperfime

coupling constant A and the g factor are influenced by the polarity of
enviromment of Ehe radical, In general, Ao decreases while & increases

)

as the solvent polarity is decreased, The nitroxide spin label, there-

5

L 3

fore, can be used as a probe for binding site polarity.
" “This introduction has shown that a spin label can report
changes in the enviromment at or x\gar the label's gttachmeﬁt gsite on a

macromolecule whether the change is due to conformation and/or polarity.

-A detailed description of the application of ESR spectroscopy, and ESR

instrumental techniques as applied to spin labeling, will be found in
Ref. 44 and 45.

i .
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Following is a brief outline of the kind of infmtic;ri we
’ n;:;.ght hope to obtain from an application of this technique:

1) éonformational changes in the binding sites or any kind,
of perturbation brought about by some biochemical processes can be

- detected.

»

ii) The g factor and hypeffing splitt:l.né of the spin label do
vary slightly with the polarity of the solvent. Thus we have a probe
into the hydrophobic or hydrophilic nature.of the environment aro;md the
label, A S S

11;) Biradical spin labels allpw the study of tertain inter- 13 |
molecular interactions, since the iptéractions of the two ends of the
biradical is a strong function of the conformation of the .biradical 21 .
* . iv) Spin labels can be amployed to study tixe topography of
| binding sites 43, ’ .

v) Spin labels provide a rapid method for the detection a‘nd

quaut%tation«of drugs and othér small molecules present in biological

£luids 43,46

¥

1.4 Purpose of S&udx

The main purpose of this study was to investigate the ionic

influences on the, opiate ‘receptor conformation by means of spin label-
ing techniques, The questionsl we posed can be divided into three major
categories: K .

¢ - !
" .

E IR . T
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elucidating the properties of the opiate receptor.
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L}
B

i) To show by ESR spectroscopy that the receptor \'mdergoes
« +
a conformational change induced by Na ion but not by k' fon.
11) Does the receptor undergo a conformational change oppos‘ite

in nature to the Na+‘ion effect in the presence of Mn+2 or Mg+2 ions as
™ . -~

\F

binding stﬁdies seem to suggest‘?
iii) The ESR label might reflect changes due to binding of mor-
phine. Are these changes, if any, sensiéive to the Nat ion effect but

not to the Kt ion effect?

l

1.5 Experimental Limitations

The present study has t!;e followiné limitations:

i) The maximm concentration of receptors obtained in the P2
fraction was in i:he range of approximately 10~1% but the ESRlinscmment
available was sensitive only up to a minimum limit of spin concentra-
tion around 10"%M. ESR signals will therefore be a composite of recep-
tor-specific and non-specific labels. All possible precat'xtions to avoid
non-gspecific labelling have been taken.

ii) It has bee;x assume..d that spin label binding'on the recep-
tor has no effect on the conformation of the allosteric site,

‘iii) Is‘olaﬁion and purification‘of oplate receptors has fot yet
been accomplished. Therefore & crude prel;aration of morphine receptor
was‘us;d for the study of receptor structure by means of ESR Spectros-
copy, The same preparation was used by all previous authors as well, in’

7t

-
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CHAFTER II

R MATERIALS AND METHODS

2.1 Materials ,

_ The maleimide nitroxide, 3-maleimido-2,2,5,5-tetramethyl-1-
pyrrolidinyloxyl (I), 3-(maleimidomethyl)-2,2,5, 5-tetranethyl-1-pyrroli-
dinyloxyl (II) and 13-[[2-(2-naleindoethoxy)eﬂxyl]ca:rbomoyl] -2,2,5,5-
tetramethyl-1-pyrrolidinyloxyl (III) and the isothiocyamate nitroxide,
e.g., 3-(isothiocyanato-methyl)-2,2,5, 5-tetruetkzy1-l-pymlidiny1c;qu
"(IV) were purchased from Syva Corporation, Palo Alto, California and

were used without further puruﬁcation. The structures of these spin

labels are shown in Figure 2.1. |
Morphine sulfa._teﬂ. N-ethylmaleimide, phenylmercurlc-acetate,
* ethyl isothiocyanate, dextrorpha.n' and 3H-dii.hyd:t'omm:phine were supplied

from different sources in ‘our laboratory.

2.2 Preparation of Morphine Receptor

Procedures for preparing opiate receptor were mainly based on

7 the methods used by the Snydeu:lj and Simonu groups.

‘Male albino rate (180-200g) were decapitated without anesthe-
sla and their brains were rapidly removed. The cerebellum, which con-
tains negligible opiate binding capa.cityz. was discarded and the re-

mainder of thé brain, i.e., the cerebrum (about 1.5 gms) was immediately

%
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' 3-Maleimide- 2,2,5,5 :
: tetramethyl-1- pyrrahdinyloxyl
. .
| ch. . " 3-(Maleimidomethyl)-2 2, 5,5-
CH, 3 tetramethyl-1-pyrrolidinyioxy| ,
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o _»  FIG2.1 Maleimide Spin Labels
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placed in 30 volumes ice cold 50 mm tris HC1 buffer (pH 7.4 -7.5) and ‘
homogenized with 10 - 15 stroﬂes of a motor driven homogenizer with a

teflon pestle. The homogenate was centrifuged in a refrigerated cen-

. trifuge at 1000xg for 10 minutes to remove nuclei and debris. The

supernatant (gold) was centrifuged at 20,000xg for 15 minutes, The

.pellet obtained is the fraction P, containing mostly synaptosomes
N ,

and mitochondria. This fraction contains the most opiate binding cap-

acity 2, Ehe pellet was resuspended in the original volumg of fresh ,

‘

buffer with homogenizer. The resuspension was then incubated at 37°C .
for 30 minutes and recentrifuged at 20,000xg for 12 minutes and the
pellet was resuspended in fresh standard buffer. This preincubation ¢

procedure increases the number of available receptors as it removes from

. the recbtor an endogenous morphine-like factor. This substance, as

15

characterized by Pasternak and Snyder *-, appears to be a naturally oc-

currﬂng ligand of the opilate receptor resembling that reported by Hughes
and Kosterlitz 47,48 and is‘known as enkephalin. Enkephalin is composed

of two pentapeptides, H-Tyr-Gly-Gly-Phe-Met-oH ‘and HéTry-Gly-Gly-Phe-ieu-

oH, as identified by Hughes, et al. 47

Protein content in'mg/ml of the P2 fraction prepared was de-
tefmined by Lowry's method 49 using crystalline bovine serum albumin as
standard protein. The solution was adjusted with buffer so that homoge-'

nate protein was always between 0,5 -2 mg/ml, a region in which binding is

found to be proportional to protein concentrationa. In practice, the

¢




protein concentration of the Py fraction was kept constant throughout

. the study.

2.3 Spin Label Solution - Preparation, ESR Spectrum and Stabilit

Stock solutions of three different kinds of spin label, e.g.,

(1), (I1), and (iII) of concentration 10”2M were prepared in ethanol

uéing an analytical balance ‘for weighing accurate amounts. Each of the E

three ethanolic solutions of spin labels was diluted 1:100 by tris buf-
fer (pH 7.5). - ] '

ESR spectra of each of the three solutions were run on a Var-
ian E-3 spectrometer operating at 9405 MHz or x band under identical
instrumental parameters.. A triplet representing'a freely mobile spin
rapidly tumbling in solutions was obtained for e;ch of the solutigns as
shown ir; Figure 1.2. The rotational correlation time (I) for a very ]
mobile, free nitroxide la,bel in solution was calculated as 0.01 ns 22 .»

Spin’ label solutions were kept at +2°C. The ESR spectra of
the .solutions were checked agaiiwt a freshly prepared pure spin label

solution after every couple of days. No significant chc\mge in the: ESR

spectrum was found, indicating that nitroxide spin label solutions were

stable. Spin label solutions were prepared apd stored in refrigerator

for at least &4 weeks

S T B T ' e S {
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2.4 Spin-Labeling P, Fraction with Maleimide Spin Labef®

5 ml alfquotes of a freshly prepared P; fraction of protein
concentration< 2 mg/m) were incubated for 1| hour at roo;n temperature
with lO'kH~(finél concentration) spin label solution in 50 mM tris
buffer (pH 7.5): Incubations were terminated by centrifugation at
20,000 X'g:for I5 minutes and the samples were freed completely of
free spin label by washing twice by centrifugation at the same speed
for 15 minuées. P;Ilets were then resuspended in O.S‘ml\standarh buf-
fer at pH 7.5. Two wbshings were needed'to'remove the unbound spin
labels that mléht remain; The washing liquid was also checked‘after
each wash for detecting the }regenge of any free spin label; none was
found after two washes. ‘ ' ‘,“

Maleimide sﬁin labels of different chain léngths, e.g.,

spin label I, spin label 11, and spin label 111 (Figure 2.1) were used

for this study. The use of varied chain lengths permits a label to be ;

selected which reflects optimum mobility to the radical. Variation in
chain length may also give iﬁformatioﬁ about the molecular environment
in which the label is attached. -~

In order to detett changes in structure of the labeled Py

-

N

fraction the spin lgbéi attached to the Po fraction shoulh~be neither com- -

8

pletely free nonxéomplete!y immobilized since difficulty is\éhgguntered

in determining any change in7 value for a completely freely mqg‘!e .

spectrum or a completely immobilized speé¢trum.
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3

With spin label I, the spectrum was the most 1mobile,

with spin label II the spectrum was an intermediate one; and with
’ i !
spin label III having the longest chain length between nitroxide

radical and maleimide attaching group, the spectrum was the most
mobile (see Table 3.1). So spin label II had been selected to carry

out the present investigation.
s ]
Electron spin resonance (ESR) measuréments were made on a Var-

. ian E-3 spectrometer operating approx{matgly at 9405 Miz. The solu-

tions were contained in a flat so-called "Aqueous cell" of total vol-

¢

ume about 0.4.ml, made of fused silica. All spectra were run at room

temperature and the same cell was uged throughout our investigation.

The rotational correlation time (T) which represents the

3

degree of mobility of the spin label was calculated from the speétrﬁm

of spin-labeled P, fraction according to the methods used by Stone, et

al. 22 39

and Campbell, et al. . A brief discussion on the calculation

]

of T values is given below,

o

EY

2.4.1

Lalculation of the Rotational Correlationm |

Time ¥ of the Spin Label .-
“ The electron spin resonance spectrum of the nitroxide label

14y

consists of three lines (assigned to the M =1, M=o, and M = -1,
3 .
nuclear spin quantum states, the M = 1 state corresponding to the line

at lowest field). _ .

Y
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; ) ‘ ’ The lines are of unequal width, the inequality being a
® ’ measure of ‘the aniéotr\opies of the hyperfine inf:eraction and of the
© g value. For the case of rapidly tumbling nitroxide radicals, the

trausvérse relaxation time of each line TZ(M) can be relat:ed~to the

anisotropy of the hyperfine interaction (b), the anisotropy of thel})
[ ! - €
- g factor {.f)’ the nitrogen nuclear spin quantum numberM, and the _%
¢ correlation time for isotrbpic molecular 't:umbling, by the equation 22,37
.2 2
I b4 - :
(). = Z’{[sz:u_sufjﬁ + A (rH) - 4bvrH, M)+ x (1) ¢
. . . “E:‘,:.
_where Ho is the app}ie.‘d magnetic field strength in gauss, I = 1 is the 7%
' ’ . ;:"
- nuclear spin quantum number: for 1['N-. The quantity X represents con- «;:I
- ! ! 7 ‘ ‘.
tributions from other broadening mechanisms that do not depend on M.
Putting .in M = o in equation (1), it turns out that
/ L . : X ' 2 p 2 X ‘
. o Y “ .
- | Tz(“a {[3.?(1-”)]‘%-?‘5(7 Hy) 54‘ _ ‘ (2)
Equation (1) may be rearranged in the following form, ‘
L2 '
1 =T<a1(1+ 4 2 2 ‘2 4
N ('S {1({ 1)3 + 5 (VrH)) }+x+t(su 7] .ﬁbwuour (3
N " . 1 - . '
Substituting the value of W in equation (3), the above equation maI
) “be r-earranged to give.
vy , h
) R ‘ . 2 )
, - .Tz‘_i’,._, 1- AZbVYrH, MT) +1Tb6° MiT(0) (4)
14 : ] 2 R [ 2
Ty (M)
- < . o . LY .
‘o . ' b , . ’ .
. Lo . ¢
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whictﬂ‘is an expression which involves only. the linear terms in M.
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on thé other hand . o
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involves the addition of the quadratic terms in M. The experimental

“values for Tz(o)/'l‘z(_l) are obtained from the square roots of the ratio;
¢ , .

of experimental deriyative curve peak heiéhts. The terms in equations

.

. ‘
(5 and .6) are defined below.

)
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Definicion of Tems arid Units i‘

<

V" is a measure of the anisotropy of the g value,
¢ VY - T(/Q/h. gu)_,é_ {bxx + gyy)s g’

vhere 8, is the value of g along the z axis.

A.measure of the anisotropy of the hyperfine interaction isl,

\ - ! ] .
b= 4/3 (A-B)s’jl. A 18 the hyperfine coupling constant in Hz along
] ‘ "

the z axis and B is that along the x or y axis' since axial symmetry is .

'“a's‘sumed for the nitroxide label (see introduction to the "ESR spéctros-

4

. copy of-the nitroxide radical" in section 1.3). The hyperfine coupling

tensors values and g valuos of \many nitroz:ldes are very, nearly the

-
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‘same 25 . Therefore, the A and B values useda't‘b calculate the T values'
of the spin-labeled opiate receptors, were taken from the literapure 28

\ * '

The approximate values for A and B are

JAl= 87MH2 [B] = 14MHz Co -

#

~

These values for A ahd B can change slightly ( 15\‘7) in going

. from one nitroxide radical to another nitroxide radical or by changing

the polarity of the sollven;;.
To is a measure of f:he line width, Tz-l(o), the paramagnetic

relaxation rate, is related to the peak-to-peak sepazation 9‘0 in gauss

for the central hyperfine component of the derivative curve by the "

lqtlat:fon - ‘ .
1'2(0) 7T/ 9“ 2.8 10® rad Sed" 3 .
-1 ‘o' - .
The Ty (o) value was measured from the experimental deriva-
tive curve. . - ) ;
. -\ B
‘ . I*gdependent values for C can be obtained from the linear term

(equation 5) and quadratic term (equation 6). In,moé.t cases these val-

ues are not identical 22,39 and it has been found that the linear temm

gives values of Z‘ that are quite sensitive to the applied microwave
50

_ power °* , It is therefore advisable to use the quadratic term (equa-

Ve °

tion 6) for determination of Z unless a eareful study of the micro-

wave power dependence is done.
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. The calculation of the Uelat:lon time .C may be {llus-

’ .

trated by referenée to the spectrum in Figure 2.2.- 'Experimental - values N

for the ratios T2(o)/T2(+1) in equation (6) are obtained Kom the
square roots of the ratios of experimental derivative curve peak
heights. A4, Ao, and A_q are the measured peak-to-peak amplitudes of
the low field 1ine, center line, 'and high field line, respectively “n*
is the amplitude of the peak-to‘peak noise as measured from the base

Pine. The error introduced in the meaSurements of the ratios Ao/Al and

AO/A 1 due to the presence of noise factors in. the spectrum,[ is

A+ A .
L e 2 x 2ns ¢ i‘-kﬁ x 2n, respectively. '

1 (A-1F

°

+

i

' Therefore noise corrections were done on the ratios of the amplitudes

of the center line to the low field line and the centerﬁ line to the

high field line for obtainifxg the correlation time within the limits of,

percent error from experimental spectrum.

The value of the correlation time T of the spin-labeled (II)

homogenate calculated using the parameters given below is 1.54 .ns (42.5%

;:f error) from the quadratic term (equation 6). -The value of Zfor the

i ' > . . °
free spin label II obtained similarly from the electron spin resonance

spéctrqm, is 0.03 ns.

The following values of the parameters were taken from refer-
{ . . N

[y

. ence 39,
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T gauss Is calculated to be equivalent of a line width of 2.8 MHz.

'
. vl

f
| 0

h = 1.054 x 10-27 erg.s, B= 0.927 x 10720 erg.¢"!, g, =

2.0027, gy, = 2.0089, = 2,0061, A= 87 Miz, B = 14 MHz, b = 3.06

Iyy
x 108 rad s°1, ¥r=4.22 x 104~ "g"1.

Po/Ay = 1.69 (% .02) and Ao/A_, = 3.59 (L 07) as obtained
from the ESR spectrum of the Pz fraction labeled with spin labg&\il

(Figure 2.2). The values in the bracket indicate the error calculzbggk

.. —
in the respective ratio due to the noise factors, “\“\\\v
T3V (o) = 30.45 x 106 rad/sec as measured from the spectrum .
. //"'“

of the spin labeled (I1) P, .fraction. .
Calculated rotational correlafién times for three different
spin labels, e.g., spin label I,?spln label 1], and spin label (111),

attached to the P, fractions, are shown in Table 3.]5

2.5 Specific Spin Labeling
To label the Pzifraction specifically, morphine sites were

first protected with an opiate. Non-specific -SH groups were then blocked

. with unlabeled sulfhydry! reagent, e.q., N-ethylmaleimide or pheny!

b
mercuric acetate. Morphine from specific sites was next washed out by

repeated centrifugations and incubations. The Py fraction was then.
labeled with spin label (11) under the usual procedures of labeling aSw

described in sectlion 2.4. Spectrum of the specific spin label was then

run.




! ’ ’ :

v o , The concentration, time, and reagents for blocking and pro-

t:ecgtion experiments were based on the literature 15 . 1
i) 5 ml of homogenate of protein comcentration &2 mg/ml was
incubated with morphine sulfate solution in tris buffer at a/final
concentri:ttion of 10~6M for 15 minutes. !
ii) The homogenates were then allowed to react with a sul-

fhyiiryl reagent, e.g., phenyl mercuric acetate (PMA) at a final concen-

!
_ tration of 10'4}1 for 2 minutes. Since PMA was found to be more

efficient in blocking the non-specific -SH groups than N~ethylmaleimide , |
| as e:\cplained in section 3.4.2, PMA'was used for this reaction. ( ‘
l/ ‘ \\ 111) Reaction was stopped by centrifugatibn. - |‘
. | .

iv) Pellets were resuspended in the original volume of stan-

" dard buffer, incubated at room temperature for 15 minutes followed by

| ‘ . recentrifugation. The incubation and centrifugation were repeated
twice. Since t;he binding of morphine was noncovalent, it could be re- .
moved this way, by simple washing. ’
‘ : v) Pellets with the now unprotected receptors w;are suspended
| | ’ in the same volume of fre::stmdard buffer followed»by incubation wilth
spin label (final concentra.tim; 10"‘}4) for 1 hour. Reaction was term- .
" inated by centrifugation. i
vi) Unbound spin labels were washed out by two centrifugations.

T . ‘ Washing liquids were checked for free spin labels.
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vii) Specifically 1abeied pellets or P, fractions were sus-

i pended in 0.5 ml standard trig buffer and the ESR spectrum of the’ -
specifically labeled P2 fraction was run under standard instrumental .
parameters. This means a ten-:hincrease in fipal receptor concen-
f:ration, allowing greater accuraC): in spectral determination.. The ro-
tational correlation times of tﬁe attached spin babels i;ere calculated
from the experim;.ntal derivative curves by the methods as described
in section 2.4.1. ’

Stereo specific binding of opiates to the P, fraction was
determined by radioactive trackr techniques, ‘r.he met:hm‘is\ commonly usﬁed
| in the study of opiate receptor site by the Simon and Snyder groups.
These tecimique‘s were also used to determine the specificity of label-

ing as shown in section 3.4.2.

* ‘.
% .2.5.1 Determipation of Specific Opiate

Binding

Brain homogenate was prepared as described in section 2,2,

L Protein concentration of the homogenate was determined. Assays ‘were

Y

performed at room temperature for 15 minutes with appropriate amount
' ‘ (3H)-dihydromorphine, using the following pr;)cedure.
a). An aliquot of 2 ml of homogenate was incubated with 0.1

ml of 100 nanomolar of morphi'ne for 5 minutes. *

4]

o T TR T



38 . .
. . ! \
b) Another aliquot.of 2 ml of homogenate wa} incubated
} 3
with 0,1 . ml 100 nanomolar of dextrorphan, the (+) isomer of

~ . ’

Levorphanol,

]

Both aliquots (&) and.(b) were then reacted with 0.1 ml of 1lnM
(3H)~dihydromorphine for '15 minutes i;x the dark (since dihydro;norphine e
is photosensitive). The incubation was terminated by fiitrétion “us.iné a (
iillimo filter under gentle suction (using a water asi::lrator) and
the filters were subjected to two washes with 5 ml of buffer at room.
tﬂ'emperature. The filters were rémove_d with tweezers, placed in vials
and kept: uncovered overnight to dt;y. The next day, 2 ml c;f Triton
X-100 was added to each vial, which was then shaken for 30 minutes im
a mechanical shaker. 10 ml of scintiliation cocktail (17.3 gm of
2,5;diphenyloxazoie (M®) and 167 mg of p-bis [2-(5-phenyloxazoly1 ben- .
zene (POPOE) in 1 litre of toluene).wat.s then added to each vial,v fol-
lowed by shaking for another 15 minutes. Each vial was counted in a
li&uid scintillation counter with 507% gfficiency.

Since dextrorphan binds to all non-specific sites but cannot |
bind to stereospecific opiate receptor sites, due to its wrong con-
figuration, whereas morphine binds to both the specific 'and non-specific
sites, the temm "specif'ic receptor binding" is used to mean the bind-
ing of (3H) -dih}dormrphine in the .presence of 10'7M dextrorphan (b)

minus its bindiné in the presence of 10~"M morphine. Hence




.
N o
.

x
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the specific binding is t(-a) in épm, (results are shown in Table

=

1

3.2). . 1

, Specific binding of opiates 2 oecurs rapidly at 25 -37°C and . l

can reach equilibrium by 15 minutes. The ratio of specific to non-
specific binding at this time in brain homogenate is between 2.5 and
3.0 to 1. The ratio of specific to non-specific binding should be

augmented if an of:i'ate of high specific activity is available, per-

mitting assays w(zth extremely low opiate concentration. The avail-

ability of (3H)-dihydromorphine °lwith high specific radiopctivity

has pfoviqed an important tool for studying the interaction of the

opiate drt;g and the binding sites in the receptor. The failure of

\pa‘st attempts 52,53,54 was mainly due to the use of so high a hc':oﬂcen- |
tratio‘n of opiate narcotic that the amount of non-specific bin'dlné
overshadowed that of specific binding. When an appropriate corcentra-

tion of an opiate drug is used, only specific binding is detected.

The binding constant value for (3H)-dihydtomrph1nr51 was ;:alculated

¢ + to belx 10'9}4. As a gro::p dihydromorphine, ‘morphine, levorphanol, .
“ ‘.naloxone, nalorphine and levalloxphan are about equally effective in |

competition for the binding site 2 .
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2.5.2 Specific Binding and Protein Concentration
o~ .

e
o

Homogenate protein was always between 0.5 and 2 mg/ml, a

region in which binding is proportional to protein concentration 4 .

In section 2.5.1, specific Binding was determined for a receptor
preparation of protein concentration 1 mg/ml.

In this section, protein concentration was increased to see if
the specific bipding could be increased.

Two homogenate protein concentrations were, taken, foi"example: .
7.75 mg/ml of protein and 5 mg/ml of protein, and the specific bindings
were: dgtemined for them by the methods as described in section 2.5.1

(Tabie 3.4).

2.5.3 Synaptosome Preparation and Specific Binding of
Synaptosom on and nding of
( 3}1! -Dihydromorphine 4 N ‘

The P, fraction contains both synaptosome and mitochondria.’

Synaptosomes were separated from mitochondria by the methods described

as follows:

J

1) The P, fraction after preincubation at 37°C for 30 min-
utes were suspended in 1.3 ml of 0.32M sucrose in tris HC1 (pH 7.5).
11) Homogenates were layered on gradient of 2 ml 1.2M sucrose

and 2 mL 0.8M sucrose followed by centrifugation at 100,000 g for 90

1

minutes in anultracentrifuge. ) \
/

|




i, 111) The band obtained between the two layers was called the
synaptosome fraction. Mitochondria were collected -at the bottom.
iv) Layers at the interface (i.e., the synaptosomg.s)_ were

collected and diluted with equal volumes of 0.32M sucrose in tris

1

buffer. > | R
v) Synaptosomes sdspensions were centrifuged at 28,000 rpm
for 40 minutes. , ‘
.vi) Synaptosomal pellets were suspended in tris HC1 b::ffet
(pH 7.5) and the protein content was determined. |
vii) Stereospeciﬁc binding of (%)-dihydromrphone to any-

aptosome fractions was determined by the methods as described in

-gection -2,5.1.

2.6 Determination of Concentration of Bound Spin Labels

. from Labeled P; Fractions !

The concentration of spin labels bound to the specific site

- of the Pz' fraction was determined. The bound spin concentration was

‘also determined when the P, fraction was labeled totally, i,e., wh'en

neither the specific por khe noq_-specific |sites were blocked by unlabeled
suifyhydryl reagents. ’ '

A .5 ml aliquot: of freshly pr'epa‘ta;q P, fraction of known protein
concentration was labéled with spin label (II) as described in section

2.4,

|




Another aliquot of 5 ml ‘of known protein concentration was
labeled specifically with spin label (II) as’desc_:ribed in seétion -
2.5, i
Labeled pellets‘ were then suspended in two 0.5 ml volumes
‘of standard "buff;ar. Each suspension was then adjusted to 10% NaOH.
Samples were heated to 40 - 50°C in water bath for 20 - 30 minutes an/d
kep;; overnight, This method allowed the protein structure to be ;ie-
natured, thgreby makiné ’éh”e bound 8pin free. 'ESR spectra were run
gftet neutralzl.zing the solutions with'c‘itric acid since NaOH miqht have
damaged the quartz of the thin-w'alled a/élueous cell. . b L.
Triplets bcharact:ex:ist'ic of Ul;bound spin labels were obtained
for'each of the solutions and the amplitudes of the center lines (now
pf normal amplitudes, 1. e. not brogdened) were compared ﬁth the
height of the ce“ixter line ‘of the triplel: from a pure spin lgbel solution

of known concentration under identical instrumental settings.

This method of bound spin concentration determination is an

approximate one only, since the amplitudes of the l'ines of an ESR spec~ '’

tra can vary slightly according to the exactaposit;idn of the s@le : ~ ; 1
cell in the cavity for given instrumet'ttal settings. While comparing A
the ESR spectra célls have to be withdrawn each time fr“om the cavity.

~ y
This experiment was replicated thrice. . . . ,

-1
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2.7 Ionic Influences on ESR Spectrum of Specifically Ml
Labeled P Fraction ) ' ) ‘
* Sodium chloride, potassium chlc:ride, manganese chloride, and
magnesium sulfate solutions were used for the studies of the sodium ef- ) °

fect, potassium effect, manganese effect, and magnesium effect, respec-

tivelj .

2.7.1

~

’

mg/ml were labeled specifically with maleimide spin ‘label as'descri_l‘)é'd
in section 2.5. Labeled pellets were incubated for 30 mimites at 37°C
inIO.S ml of standard. buffer contaiting 0, 5, 25, 50, 100, a;td 200 oM )
concentration of Na© forfs. The ESR spectrum was run for each of the in-

cﬁbations under identical conditions. Thé rotational éorrelation time e o
(’2’)‘ was calculated from each of the spectra and the values were com-
pared witl{ the value obtained from sample contai:n:ing no Na"',io:{s. "N )
10%3 at different concentrations(25 - 200 mM) were also added to the e o
non-sp:e’cifically labeled P, fraction and the rotational correlati?n

values were determined from the spectra after each additiom.

cifically labeled P, fractions were incubated for 30 minutes at 37°C
. . Y
A\
m—‘\'
. ! * v L]
- a .
& . ’

1

ffects of Nat Ton

Freshly prepared P, fractions of protein concentration 0.58 - ‘ >

For studies of the rev,ersibility;of the sodium effect, spe-’

-

°
1

: \ 1

+

©

a

‘e
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in 100 mM NaCl in 0.05M tris buffer (pH 7.5). ‘Samples were freed of . -

“

salt containing buffer by cbentrifugation at 20,000 g for 15 minutes.
Pellets were washed and resusperded in 0.5 ml tris buffex. An ESR

spectrum was run and C values were calculated.

2.7.2  Effects of K Ion

i

4

Specifically labeled- P fractions were incubated at 379C for
30 tilinutes in 0.5 ml of standard tris buffer contaming‘o, ;- 100, and

200 wM K ions: The ESR spectrum was run for each. of the -samples under

e
.

identical conditions. A T value was calculated from each of the spectr;a.
The experiment was replicated five times. '

2.7.3 Effects of Divalent Cations

The ions used were Mn+2 ions and Mg+2 ions. Similar experi- A

.

ments were carried out with samples containing different concentrations

of 'Mn+2 1ons, or Mg+2 ions. However, each sample contained 166 ‘mM of Na+ .

of Na' ions. One blank sample was prépared containing only 100 mM of

Nat ion but no Mn*2 ions or Mg"'z ions. For each of the sample ESR spec-

N 4
.

\
tra were run\end rotational correlation times were calculated.

; | | 6
. \ S
2.8 ESR St%ies Using Isothiocyanate Spin Label
. A nitroxide spin label containing the isothiocyanate attach-
_, ing group was used. A golution of 10-414 concentration was prepared
: N
\\
N
] v N~
1 ——
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with that spin label and the ESR spectrum was run under standard-

instrumental aettixigs. .
2.8.1 Specific Labeling .

Freshly prepared Pp fraction (prote:tn concehtratit;n 8.58
‘mg/ml) were incubated with mofphifxe sulfate solutioh of/a final con-
tgﬁtratibn of -10~ 6y in tris im‘ffern for 15 minutesi

To block the non-specific -Mi, or -OH groups, theAreaction e

mixtures were incubated with a freshly prepared 10~4y ethyl isothio-
) 1

cyanate solution for 2 minutes at room tenpreature. The reactions were

~

. ‘ terminated by centrifugation at 20,000 g for 15 minutes, The pellets

' .were resuspendeq in the original volume of buffer, incubated at room

' tenperarture‘,for 15 minutes, and recentrifuged.

‘T r

* The incubation and centrifugation were repeated tw1c3 to

. wash out’-' mqrph:lne completely, The pellets were repigspended. in the ori-

ginal volume of b&ffer, incubated with isothiocyanate spin label of

final concentration 10°#M for 1 hour at room temperature, and centrifuged.

[y

Free spin labela were washed out by two centrifugations. Labeled pellets

]

‘were then suapended in 0 5 ml of standard buffer. . The ESR spectrum was

!
) run for, each labeled ho-ogmte under standard 1nstrumenta1 settings.

Rndiooctive tracer techniquu as deocribed for maleimide spin

in uction 2.5.1 were uuﬂ to ver:lfy the lpccificity of labeling with
hothioqutu “spin label. ] ,
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2.8.2 -

. /J N
Determinations of Concentrations of Bound '’

Isothiocyanate Spin ‘Labels .
Asothiocyamate opin LAnels

i

Similar experimemts as described for the maleimide spin label

in section 2.6 were carried out to determine the bound isothiocyanate

spin concentrations in the P, fraction labeled with isothiocyanate spin

»
label by the methods as described in the ¢revious section 2.8.1. The

/
experiment was replicated twice:

2.8.3 . Effects of Morphime, Sodium and Potassium on Spectra ,

from Isothiocyanate Spin Labeled P2 Fractions

Effects of 1076M morphine, 100 mM sodium and Sp mM potassium
ions were inveatigated .aeparately in thre; different aliquots of Py
fractions labeled with isothiocyanate spin label under 1dentical condi—
tions. An ESR spectrum was run for each of the samples and z values
were calculated at different time intervals to detect any change in
wmobility due to ’additions of morphine or Na' ions or Kt ions when the
isoth:locyanate label binds to 'NHZ groups of ‘the P, fraction. Na* ionms
or K' ions were added to labeled samples containing morphine to detect ’

unsitivity of the morphine binding to a sodium or potassium effect.

-
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CHAPTER III ' B
. . RESULIS OF. STUDY -
3.1 General )

This study has coricerr}e& mainly the use of spin labeling
techniques in the study of the opiate receptor site. Numerous inves-
tigations have demonstrated the existence of receptors in the centfral
nervous system which stereospecifilcally bind opiates 5_5 . In all such
binding studies radiolabeled narcotic agonists or antagonists have i
been used. In order to study the opiate receptor site, we isolated
the P, fractions which contain a high concentration of specific re- .
ceptors, from rat brains. 'I:he stereospecific binding of (3H)-dihydro-
morphine, a potept opiate agonist, to this Pz fraction preparation
was det;armineci by the metlulods, commonly used by the Simon and Spyder
groups, as describe.d in gsection 2.5.1. Radiocactive t-ra‘cer technjques
were used to determine the lnumber of receptor; present in the ftéshly
prepared P2 fraction. Radioactive drug binding studies were also per-
formed. to verify the specifi’gity of lal;el\ing of the P, fraction with
spin iabelg (se? section 3.4.2). Since the number of receptor sites

is in the picomola; U;ﬁqge and the ESR instrument is sen'sitive up to a
%

U MR
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maximm limit of 10-9M, we have tried to ivncreas‘e.t‘:he numbers of
réceptors in the Py fraction by increasing the concentration of pro-
tein in the P, fraction (section 2.5..2) and by separating synaptosomes
frc;m the mitochondria-aynaptot;omai ’ér‘accion, the Py fraf:tion (sec~
tion 2.5.3).

) In i.abelitig the ptors with spin labels, the concerm of
specificity 'is most importfiz\ The P, fraction used is a crude prep-
aration, so many non-specific -SH groups may be present beaid.es the
.8pecific -SH groups, and therefore there may be interference that

might overshadow ‘t:he changes introduced in the specific sites. To
minimize this effect the procedures followed in specific li.aberling are
o'utlined in section 2.5. A quantitat'ivé approach was also made to !
verify the specificity c;f labeling by determining the amount of spin
labels attached to the specifit sites (see section 2.6). The effects
of ions on the opiate receptor conformation were studied by ESR tech-
migues using maleimide spin labels. On the other hand, isothiocyanate
spirln labels werz used to study the effects of mqrphine on the opfate
receptor slt't;ucture since maleimide spin labels'eliminate opiate binding.
- Results obtained from ?11 those st:ud.ies are shown ‘m this
'chapter. In general, studies of the effects of sodium and potassium

v

ions on the ESR speétra-of the opiate receptors with maleimide spin

. probes attdched to specific sites, yieldeci interesting results. '

~ -
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3.2 Spin Luheling’ of the P& Fraction

The ESR spectra of the brain homogenates labeled with mal-
eimide spin label I, spin label II and spin label III were almost
similar in shape. . | 5

The ESR spectrum of the spin labeled P, ﬁaction as shown
in Figure 3.2 is markedly' different from that of the free label (Fig-
ure 3.1) under similar conditions. The changes in the ESR spectra arise
from an increase in the ttmbling (or correlation time) time of the
label when attached to the prote;l.ns of the homogenate 22 The'values
of the correl.ati.on time T of the labeled homogenates and of the free
labels are given in Table 3.1. Analysis of the ESR si:ectrum shows that
the hyperfine coupling constant (Ay) of t:hé spin labeled homogenate
(13.9G) is the same as that of the free label (14G), suggesting that
the polarity ‘of, the. environment of the spin label is almost‘ unéhanged
on 1.::5.11(11:13~ to the brain homo, : te. This, together with the value of
the rotatiomal corre-lation time obtained for the spin labele'd (II). ho-_
mogenate (1.5 ns) which is much shorter than the tumbling time of the
mlecu.le (100 ns)-suggelts that the spin label is on the surface of the
P, fractions and has conudeuble segmental nx;gility 39, \

The value of th cortehbian time T, of the spin labelled (II)

Py fraction calculated from the qundntic term (equation (6), section

2.4.1) '18 1.54 ns (+ 2.5% cmt). The corrolation time for the free
nitroxide radiul (11) obtained similarly fro- the ESR spactra at the
same magnetic ﬂcld, is 0.035 nc (_ 12.5% emr) " The basis of the

]

calculation is ouclined 1n uction 2 4.1, ‘ A
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FIG 31 The ESR Spectrum Of Free Spin Label 11100 pM ) in Tris Butfer
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Table 3.1 ' .

Correlation times for spin-labeled P, fraction

The correlation times (T) were calculated from equation (6) as des-

cribed in section 2.4.1. Zvalues are expressed as the mean of all:

Y the determinations.

_ o - +| Percent
Sample T Values error
Free label I 0.04 ns + 6.0%
Free label II 0.03 ns +12.5% :
a Free label III 0.03 ns +16.0%
" | spin-labeled (I) 2.51 ns | + 3.0%
Py fraction
Spin-labeled (II) 1.54 ns, | .+ 2.5%
Py fraction ( !
Spipylpbeled (III) | 0.62.ns | #11.0% °
Parfraction o

Al -

P, fraction vith u‘%ﬁmﬁe spin labels (10°%4) in S0 mM tris buffer (pH
‘ e W
7.5) reacted for 1

r at room temperature, washed, and centrifuged
a \i :
\) .

two times and final y concentrated into 0.5 ml tris buffer.
: . y .
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The spectrum of freshly prepared P, .;‘.raction without the‘
label was run under the same instrumental settings. No peaks, but
ohlﬂr a base l‘ine was obtained ev;n éfFer accumulating the ESR
spectra for 25 scans indica!:ing that the P, fraction did mot con-
tain any paramagnetic center of its own. Hence the ESR peaks ob-
tained in the spectrum of the labeled P, fraction were only due

P 2

to the attached spin labels used for labeling.

Z.3 Specific Labeling .
— The spectrum obtained from the specifically labeled P,

) fraction (Figure 3.3 [a]) looks like the spectrum obtained for a
label:d P, fract;on when specificity is noz: concerned. The spectrum
for the specifically labeled Py fraction shows a much lower spin con-
centration (obtained at a higher receiver ga‘:ln) ,‘since a large pro-

. portion of th;: non-speéific-SH groups are being blocked by PMA; and

the previously protected specific sites u’.‘o-occupied by the spin

labels. Although the spin lgbels now biﬁ;i to the ;)piate sites spe-
iifica;lly, there are certainly some. residual non-specific labelsr vhich

.cannot be abolished completely. The calculated wmean totational cor-

relation time of the spin label attached to the apeci&ic sites of the

Py fractionm, ig 0.48 ns (S.D. + .1) indicating that the specifipaliy

attached spin label II-has considerable mobility.
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3.4 Radioactive Tracer Techniques in the Study
of Receptor Site

1 nanomolar (10"9M) (3H)-dihydromorph:lne was used to carry
out the following experiments. ' The ;nethoda followed ‘are described in

the section 2.5.1. ) .

3.{4.‘1 ' 'Determination of the &mberaof Available Receptors - A

A stereospecific binding experiment with c(3H) dihydromorphine o

‘was done in five se[ts. Incul;ation of the P2 fraction of protéin of
concentration 1 mg/ml, 'with (3B)-dihydomorphine of h;@ specific ac-
tivity at concentrations~around 109M results in significant b:l..nd'ing
(Table 3.‘2), much of which is stereospecific as defined by Goldstein,
e‘t al, 22 , i.e., it is prevented by morphine but not by dextrorphan,
the inactive (+)'is‘omer of levorphanOI:

As shown in Table (3.2), 540 Cpm is the specific bindi.ng'of'
,(3H)-dihydormorphine per mg of protein in the Py fracti‘on. Specific’ | \\
b‘inding represen.ts 0.084 picomoles/mg protein for the P, fraction. -

L4

Hence these P2 fraction preparations specifically bound about 0.84 x

10-13 moles/mg protein. If it is assumed that one molgkule of (3H)-di-
hJ

hydromorphine occupies one binding site, multiplication with Avogadro's

number gives a value of 5 x 1010 binding sites per mg of protein in the

Py fractiom. Y

[ —
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The concentration of specific opiate recéifaiiriiﬁﬁﬁﬂnaf~»

here (

.09 picomoles/mg protein) is quite consistent with the values

determined previously 2:%:31 yging radfoactive labels ( 0.1 picomoles/
! I

mg protein). The present findings and those reported earlier lend strong

support to che’ééiatence of specific receptors fdr opiate narcotic in

»

J 'somel membrane of the Py fraction and have a density of approximately,

{7 ' nervous tissues. The receptor sites are mainly located in the éynApto-

5 x 1010 sites per mg protein. P, fractions were prepared fresh through-
out the investigation though the specific bindings were not significantly

reduced when homogenates were maintained at -209C for 3 weekd%’

3.4.2 Verification of Specificity of Labeling

Radioactive tracer techniques were used to see whether ;pe-

cific labeling is achieved in our experiments. The whole method can
be divided into five sets, as shown in Table 3.3. The samples from the )
first set or conqrol experiment were treated exactly the same way as
deBcribed in séction 2.5.1 for determining the number of stereospecific

inding sites. The number of receptor sites were calculated as 0.72 x
LoA3 moles/mg protein; the value is. in good agreement with the value
obtained in section 3.4.l1. ' . ‘

*

Iﬁ the second set around 0.087 x 10'13 moles/mg protein con«

L)

centration has béén found to be the number of morphine sites still
‘avallable after treatﬁent*ﬁith phenyl-mercuri¢ acetate for 2 minutes

; -~
since phenyl-mercuric acetate reduces the specific binding by about 88%,

N

~- !

iy




74t can be said that one or more -SH groﬁps are located on the surface
of the opiate regeptors and are responsible for binding of qpiates.
When the P2 gracfion is treated with ethylmaléimide, another ;ulfhy-
dryl reagent, at the same concentration and for 2 minutes, the number
of morphiﬂe receptors available for binding hgs been féund to be
around 337 of control, meaning that it is‘a less efficient blocking
agent., Hence treatment with ethylmaleimide reduces specific binding

. by about 67% of the céétrolxsq it was decided to use PMA as the block-
ing agent.

In the foufth set of Qkperimenfa,the phenyl mercuric ace-
tate inhibition of a spécific binding was considerably redu;ed by
preincubﬁtion with morphine, suggesting that specific sites are pro:
tected by opiates.” Pence the protection experiment will leave all th;

morphine ;iteé avail;ble for labeling with the spin label used.

In the fifth set when the homogenate was reacted with spiﬂ
label II for 1 hour after protection experiment, the specific binding
of (3H)-DHM was found to be only 2% ofvthe control, Hence the spe-
cific binding has'been reduced by 987% of the éontrol; that means the
specific binding is alngst negligible. This proves that spin
labels can occupy about 98% of the total morphine sites present, or
more p;qcisely mostly all the specific sites have been labeled, thgugh

v

the possibilit& that the spin label II may bind to various non-specific
| ;
giteﬁ in addition to the specific sites cannot be ruled out.

‘R

N | .

i
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Table 3.3

Verification of specificity of labeling - ) ‘
b

2 ml P, fraction (protein concentration 1 éz/ml) aliquots
were taken for each set of experiment. Samples from set 2 and set 3
were reacted with PMA (10~%M) or ethylmaleimide (10-4M) for 2 minutes,
respectively. Reactions were stopped by .centrifugation. Samples. from
set 4 and set 5 were incubated with morphine (10-°M) for 15 minutes
after which they were allowed to react with PMA (10-%4M) for 2 minutes.s"
The homogenates were centrifuged at 20,000 x g for 15 minutes. The M
pellets were resuspended in the original volume of standard buffer in-
cubated at 37°C for 15 minutes and recentrifuged. The incubation and
centrifugation were repeated twice. The pellets were resuspended in
" original volume and assayed as described in section 2.5.1. Assays were
performed with 1-pM 3 H)-DHM.: Values are the means of duplicate deter-
minations. °The experiment was replicated twice. Percentage values in
the last column were determined by comparing specific binding of the -
| treated samples with the specific binding of unreacted tissue, i.e.,
control experiment. '

Specific
Set Experiment ) Binding Morphine Recep- |[Binding %
No. " | ecpm/mg (+ §.D.)| tor Concentra-
- - Protein tion
1 | Control 473 + 40 0.072 picomoles 100%
Experiment /mg protein
2 | Blocking with 55+ 10 0.0087 picomoles| ' 122
PMA for 2 min. /mg protein
3 | Blocking with 154 + 12 0.0242 picomoles| 33%
EM for 2 minutes [ - /mg protein
4 | Protection 508 + 20 0.0799 picomoles| 107%
Experiment . /mg protein
5 | Labeiing with ' 9+5 0.0014 picomoles 2%
Spin Label II . /mg protein
for 1 Ppur . . :
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 3.4.3 § c B t Concentration

. s . »
The purpose for this experiunt was to find out whether the -

/conccntration of specific sites can be :anreased vhen' the protein con- I

u

centration of\ the honogennte is increagsed. Results are shown in Table -
3.4, from which it appears that bindj.ng is not increased at all, in ) )
fact the binding has been reduced when the protein concentration is

- 2
high. The reasons causing that reduction in a number of receptors are

Ead 1

got really known. frhe ons'efplanati.on may-ke that an increase in ;;ro-

5éin masses may slt;v down the filtration t%fuel!ry clogg:h;g the fil?er ' ‘
pores during the assays with (%)-dihyd:qnorphine.' The longer the /
filt;rar:’;.(on time the more “cham:u of mi:iﬂé out bound (311) —dihydto;nor- A
phine fro;: the. specific sita'a of the recepfors,‘ thereby remiting in
reducti:\m 1:; the number of receptor sites. The result of shis experi-

ment is not consistent with the binding process, mggescing some limi- . °

/
tations 1n our assays v:lt:h (311) -dihydronorpbine.

o l
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Table 3.4

Specific bindi and protein concentration

' 2 ml aliquots of P, fraction were taken and assayed as
described in section 2;5.111;& 1 mM (3H)-DHM. Values are given as
the mean + S.D. of triplicate determinations. ”

Protein Specific Concentration of
) Concentration Binding Specific Binding Morphine
~ ' mg/ml cpm /mg Protein Receptors
7.75 1734 + 120 |- 111.8 cpm/mg 0.17 x 10-13
v ‘Protein moles/mg Protein
®
5.0 1277 + 90 .| 127.7 c¢pm/mg . 0.20 x 10713
re- ' Protein moles/mg Protein
1.0 1080 + 103 | 540.0 cpm/mg '0.84 x 10713
' . Protein’ .| moles/mg Protein
4 §
{
B 4
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g '3.4\.4 Synaptosomes and Stereospegific Binding
N of (3H)-dihydromsrphine \ 1 \
‘ 'lhé Py fractions preﬁared cor\u:ain both nﬁtochondri:it and
synaptosomes. Mitochondria are relatively inactive in binding of
(3H’) -dihydzﬁz’norphine‘ whereas the specific binding has occurred mainly

on the synaptosomal meambranes. Therefore, one might think that the

presence of mitochondria in the P, fraction may result in the reduction’ .

Y

in the number c;f specific binding sites. Synai)tosomes, freed from
mitochondria, were prepared, and the gpecific binding was determined »
to see if the presence of mit:ochondr;a 'in ;he P2 ‘fraction cc;ullgi int:gr- A
fere with the specific binding of (3H)-dihydromorphine. -

Our results for specific binding in synhptosomeg were too
| ) -

/\x low and not very reliable since a portion of the synaptosomesepassed

thrdugh the GF/F filters, the smallest xio're size -available, during £il-

tration resulting in a considerable decrease jn the number of ‘rec eptors.

“ .

on studying thoroughly the various results obtained by ~v‘a\rious workers:

for spe:cif‘icr binding it is concluded i:hat contamination of mitochondria
- with .synaptosomes in the P, fraction does not really cause any reduction

in specific binding. It might have been perhaps profitable to use iso-

lated synaptosome membranes as a means of concentrating receptor .sites,

9

The very low yield of such membranes, howevei;, made this ai)proach entirely

impractical as ‘it is expensive and time-consuming.

N
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We could, however, incréase the concentration of labeled

receptors, once the label was covalently bound to the Py fraction. o
A ten-fold increase used in our standard procedure’ (see gection 2.5)

therefore makes our data much more credible, as otherwise the con-

centrations we had_ to measure would have been at the borderline of

“

detectability on the instrument we had to use.

-

3.5 Determination of Bound Spin Concentration BT .

The methods used to determine the bound spin conc;;tgation
after specific labeling as well as after labeling for specific _plus
non-specific sit/es, are outlined in section 2.6. When the homogenate )
is treated simply with spin label as described in section 2.4, the label
will be able to bind on all.sites both specific and non-specific; t;xere-
fdre, the corncentration detemingd will be the total bound spin con-

, centrat:ulon. But if the Homogenate is spif labeled specifically as
described in section 2.5, the method of concentration determination
will indicate the amount of spin that goes on s?ecific sites onlly. Re~

s aul@s obtained for spin concentration determination ared shown on Table
o 5 3.5. In order to obtain measurable spectra, the laﬁel was freed by
treatment of the sample with NaOH. . The spectrum becomes a triplet char-

acteristic of freely mobile spin rapidly tumbling in solution as in S

.c .
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Figure 1.2. The heights of the two niddle peaks of two spectra were !
dete:inned and were compared with those obtained from a series of
ﬁure spin label solutions of known concentrations uniqr the same in-

x

a‘trunenta.l settings. ‘

) The concentrations of puxre spin label II lolntions measured
were 1 x IO\'#H. b x 10'6)1 2x 10'6)1 and 2 x 10"'M. Fron tho amplitudes

of the lines qf those spectra it has been shown that. the signal height
(SH) was directly proportional to the concentration at a perticular

. receiver gain (Rg). It has been ﬁzown that at a parr.icuhr conoentra-

tion signal height 18 directly proportional to receiver 5ain. 1t both
receiver gain and concemtration vayy then aigne.l dolght 1s jolntly a
proportional to concentrution and raceivm.{ ga.in. The proportibnality
constant (K) (see table 3.5) Had been determined from the mid-signal
heighti of different spin solutions of various concentrations When

detemmining the signal heights standard deviations due to noiae factors

introduced at different tines and due to different positions of the cell

in the cavity are taken into consideration. Standard deviation (SD)

is calculated as 1.72 for the mean peak helght of 21.26, -Since the SD

is high for low signal heights, it 1s mre useful to consider the greater

heights obtained at higher receiver gain when the proportionality cons- :
tants are determined. - v
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‘spin attached and specific amount of spin attached, respectively. This -

non-specifig’ binding too, that means there are still some non-gpecific

64,

-

, ' The mean value of proportionality constant (K) is caléhlateq
as 17.11 + 1.5 (SD), cm lit/mole. Mid-peak heights are determined from
labeled h'omogenate and' specifically l\abeled homogenate after treatment‘
with NaOH are are ex'pr\éxsed as 19.2 cm and 11.:)2 cm, respectively. The
data (Tqblé 3.5) are the means of tfip}icate determinations. Instru-
méntal\ pai:ameters except receiver gain are kept constant throughout . o
the experiment. Concentrations determined are (1.47 4 0.26) x 10-M/mg | v
of protein and (3.;5 + 6.49) x 10-’M/mg of protein for total amount of v
A . - .

experiment was replicated three times.

The number of receptors calculated from the.b'inding experiment | |

4 -

with (3H)-dihydr'omorphine“ is in the 'range of 10'10}1/_1!\3 of protein. But
the value determined for the“amounthof spgcific spin attached contra-
dicts that value,. I’I’he attached spin concentration is much highe;- than
0th9: expected specific value so it can be sai;i that the valuc‘e obtained

for specifically bound spin contains the specific binding:as Qeli as some

'sites which are not blocked by phenyl-mercuric acetate (PMA). But in

that case non-specific binding is 98% less than that obtained in the

cagse of labeling homogena;e without pretreatment with morphine ard: ﬁm,

:I.*.e., when the homogeqat:e is labeled no;x-selectively. Non-gpecific bind- .

ing cannot be cut dovn completely since the spectrum would not possibly

&,

e ~— e e A
* * e
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be detecéable by the ﬂnstruﬁentt‘ The spectrum for only the specific
sites, 1.e. in the range of 10710 will be theoretically impossible to
be detectablg by Fhﬂ; FS‘R instrument \sin;:e it 1is sensitive up to 10'J’il
(10 on ;1gna1 averag%ngi of spin concentration to the maximum ‘limit.

Major discrep;pcylin comparing the number of'opiaté receptors
by (3H)-dihydromorphine Bindiué as described by Synder, et al. and spin
label binding‘is quantitative,Specific binding of (BH)-dihydronorphinev
amounted to about 1079 - IO'IO\MIQg of protein, while spin labels.were
shown to be préseﬁt in concentrations of 1077 M/mg of protein. 'Théte
are two possible explanations for this discrepancy.

(1) The determination of dihydromorphine binding is not ac-
’curate, even though in agreemeﬁt with literature data. The fact that
the'number of binding siteg is not proﬁortional to protein colicentra-
tion (see Table 3.4) points to this possibility. Normally one would ex-
pect to be able to dete;mine number of binding sites regardless of their
conéentratioﬁs: The faire of this in the morphine receptor site dg—

n

termination casts doubt the aécuracy of the determination between
0 - 2 mg of protein as well,’;nd it could, in fact, be mucﬁ'ﬁigher.'
(2) Wé know from our own experiments as well as'thosg of Sny-
der, et &l., that it is'not possible to protect all receptor'sites with
morphine or ;ccupy all other sites with N-ethylmaleimide or phenyi-mer-

curic acetate and therefore there is considerable overlap between

l )
o

-
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"specific” and "non-specific" spin labels. It is conceivable there-

fore, that our "specific" labels are.in fact a mixed population, some’

. on, some near the receptor site that undergoes yonformational change in

the presence of NaCl. In addition, there is :;o way of deciding how

many spin labels att«lach on each opiate receptor; the number is not
necessarily one label (iaer site. It is therefore quite likely that only

a certain population of tt;e"'specific" labels are in fact- apecifié. ' There-
fore, while the total spin co:centration is 100 times higher than expected
on the basis of (%)-dihydomorphine binding, only a fraction of these
reffect the conformational transition taking place, and ;hov i!m.ol‘ﬁli-
zation. In fact, the spectral changes observed are relative small (see _
;rablé 3.8). Our change between 0.5 and 1.2n sec of T value (roéational
correlation time) is equivalent to a viscosity change between 6.6 and |
11.5 centipoise, which is gquivale:}l; to ‘anuing:rease from 50% glycerol

to 60% glycerol. A "powder spectrum” corresponds to about ll0n sec or
900 ¢entipoise or éaz. glycerol, keeping in mind, that the absolute vis~
cosity scale and T show a linear double ldgaritln‘nic correlation. This
just gerves to 111ustrate~ that our observed cl;anges move On a very nar-
row position of the rotational cc;irelation scale obsﬁ_r:vable 19 our ex-

perimental arrangement. This also shows.that an fimmobilization of a

large proportion of Spin‘labelé would result in larger observable

. change; or, that a small fraction of the attached spin labels undargoes

a restriction in motion, L . 3
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Since the spectra we observe are the aQerage of
present, it is obvious ¥hat our observed vaélues are the composite of
. . \all éopulations, those that react strongly and are iunwbilize% and
those that perhaps show no change in mobility aé 11 The truly spe-
cific labels may therefore un&efgo & much st;bnger immobilization than
indicated by theuz’yalues, but by tﬁe same\toﬁéﬁ may. be numerically the
same order of magnitude as the number of receptor sites indicated by
the (3H)-dihydromorphine binding data, The separation|of these p%pu-

lations of spin labels would be possible only b& line shape analysis, a

technique that was not possible with the instrumentation at our dis-

- ¢

posal,
The foregoing spgquation should therefore be taken as a cau-
tion in the interpretation of‘Our data, which ought to be considered

approximate oply, until further refinement. . / ‘ L

3.6 Conformational Change Introduced by Ilons

\ The change in conformation, fflintroduced by ions, can b

\

studied\in the presence of spin label by means of ESR spectroscopy.
Since th R spectrum of a Spin 1ébe1 is sensitive to the mobilit;'of ) .
the label it can provide difect evidence of a canQrmationalychanhe in
a macromolecule. The main part of this research was to'see if thege'is

-

_«' - any conformational change introduced in. the opiate receptor in the pre- \

B
- ’

sence of Nat, k¥, Ma*2 and Mg*? 1ons.

" N
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It has been assumed that Na* 'ions might affect the. confc;r-
mation of opiate receptors so that they vi.ll have different affinities
for antagonists and aga’nistsn. In two different conformations, ome
“no-Na state”and ome“Na itate’), the spix; label is -supposed to have dif=-
ferent rotational correlation times or mobﬂit@eé in the absence and in
tﬁe.presence of Na’i' ions respectively. '

Sit;ce Kt ion has no effect on the binding of agonists a;nd
_antagonists, it is expected tl;at the addition of K ion in various con-
centrations will not cause any change in the Z values.

According to the liter'atpre\ll’ the effects 6f divalent cations
are the reverse. So one might exlpect that the change in T value in the

presence of Mn*2 or Mg+2 ions would be in a direction opposite tq that

obtained in the presence of Nat fon. .

3.6.1 Effects of Na' Ions on the ESR Spectrum

Addition of Nat ions causes a marked cha.nge in the ESR spec-
trum of(specifically labeled Py fraction (Figure 3.3). The ‘e‘ffect is
most noticeable on the high field line while the center cdmponent re-
mains almos;: unchanged. In“he presence of 100 M NaCl, the cor;:ela',tion
time is -increaaed to 1.12 ns (SD + .18) from 0.48 na,(sb + 0.1) as indi-
cated in Table 3.6. This provides fiirect ew;'idence of Na;"' ion induced .
conformational chanée in the opiate receptor. Although the amplitude of

the lines of an ESR spectrum can vary according to the exact position of
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(b) With 100 mM Nacl in 50 mM Tris Buffer( pH 7.5)at Room Temperature

' | FIG 3.3 The Effect Of Na® ion OnThe ESR Spectrum Of Specitically Label
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the sample cell in the cavity £0t.given instrumental settings, the rei-‘~
ative amplfludes/of the three lines in the spectrum will remain un-
changed. For this reasbn the ratios of two lines (the center to the

low field, and the'ceAter to the high field) have been used to charac-
terize the spectrum of“/a given sample., The ratio, thé ceﬁterato the high

field is increased from a value of,l.&é (s.D. + .11) to 2.31 (8.D. %+ .3)

by the addition of 100 mM Na®'to the specifically labeled homogenate. '

The change in ratio.can;be used as a measure of the Na' ion induced
onformationalﬁchange in the opiafe'receptor (i.e.; a measure of the ) .
nction of state). :So 1.48 represents one state which is cadled "no
odium state" or "agonist-conformation" and 2;31 Qalue represents ''sod-

9

um state' or "antagonist conformation'.

b .
Hence the two states may be described as follows:
" " + " " . .
\ N? Na State +Na Na State - .
. -——
ll ' 1.48 (+ .11)  -Nat 2.31 (+ .3)
\‘ . The change in high field to center line is more significant
’ . : )

thar the change in the ratio of low field to the center, hence it is ; Y .

Y N )
more useful to consider the former ratio as a measure of the function of

f
1 . . [ ' o

.state,

x Effects of Nat ions were éyudied at five different concentra- ’

tioﬁs 0 oM, 5 mM, 25 mM, 50 mM, 100 mM and 200 mwM.  This experiment was \

1 '
t

:




- ¢
repeated ten times. The devtails' of the res{xlts are shown on Table 3.6.
Figure 3.4 shows a plot of the mean values of rotational correlation
time values () a.gainst the concentration of Nat ions, and Figur;z 3.5(a)
shows a plo;: of the extent of the conformatiopal change, i.e., .thg per-
centé.ge of maximal change in the 2-value as a function of the concentra-
tion of Nat ions, and compares this with the percentage of maximal
change obtained in (3H)-na1tre3:one binding (Fig. 3.5(b)) in the presence
of Nat ions at the same concentr:tion range as studied by Simon, et al. 1z,
The data for the plot of Figure 3.5 (b) were taken from the literature 12

| ' Addition of Nat ion causes an 1:}crease in the rotational corre-

lation tide value. The increase is a maximum for 100 - 200 mM of Nat

ions. A 200 mM concentration value is considered as the maximal concen-

tration of Na¥ ions to producg maximal amou;t of antagonist conformation, ‘

i:e., about 1007 of the states are in the antagonist state or the maximum

iul;xobility of the label is introduced. Na’ ion can exert its effect

from concentration as low as 5 mM, and tﬁe'effect increases as the con-

centration of Nat ion is increased. In the range between (25 -200) mM

the ro}:ational correlation time is almost constant, i.e., the mobility

is more or less the same within the concentration range from 25 - 200 mM )

of Nat ions. ’ . ' »

\

The results are in agreement with the literature data (as

shown in Figure 3.5) obtained from the ‘(3H)-nailérexone binfiing studies - ‘

) .
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a

_on l?1\e nature of the sodium effect, confirming tpat an 1ncrease in e

ant:agoniat binding 1n thé presenc& of sodium is due to a confomation-

\ .
’exhibit greater affinity for antagonists, .

' % al change in the opiate binding sites sg that the transfbrmed sites
¢

Py fractions were labeled with spin 1abe1 I11-and the flec-
o

tron spin resonance spectra were run, 7 values were\calculated from the

e o

spectra. Na"‘_ ions at a concentration rénge (25 - 200 mM) were ad,ded -to °
the Py fraction labelod nop‘-selei:tixr_oly. Z'_‘va’alues were det‘e'rmin‘e;d’

from the spectra af‘ter each addition¢ But no change in ¥ value has
been found, even at concentrations as higl.l as 200 mM of Nat ‘ion),' that
tieans the mobility of; the spin label ;:eni'ai_xla almost the same (1.54'ns)
it: cm;traot‘.}t(o the finding that Nat fon causes a -q‘hang:e in mobiiity of
the spin label when Pz‘ fractions are labeled specifiealiy.

» N
“Ion effects a):e generally reversible. It was shown ‘that T

effects produqed by the ?axinmm concentration of Na ions {100 mM) could,
be reversed when the Na* fons were removed from the incubation medium.

- If the Na® ions, are ranoved by centrifugation :nd washing the rota;:io;ull
\e correlation value becomes 0.85 qs. Fence the effects produced by Nat.

ions are tgversed since the 7 value decxeaaes from the value 1.12 ns
. ~

. >,

obtained by adding 100 oM Nat! 1ons to the initial value of abouc 0.55 ns,
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3.6.2 cts o Ion on ESR 8 r.rum,. - . o

. _The eff.cta of Kt ions u\z:e/investigated on four apecifically
labeled smylu with differant concmtutions oi—\ei ions added'
1) 0 mM; i1) SO mM; 111) 100 mﬁfu@d nr) 200 mM of x* ion. 'l'he
experiment was repeated five tifnea. Results are shown on Table 3.7,
Addition of I("' ion does not cause any markJ changes in the
ESR spect;rum of spin labeled hnmosenate. Relative ampli&des of- the
three lines in tha spectrum. remain almost unchangd in the presence of
different concentration of X+ ion and ‘also in the absence of Kt fons.
Ratios of the low field to cemter or the high £leld to center, that rep- '
tesent the ;\m tion of stat.e, renain more or less constant in the
(esence of. K’*’ iona._;l_hg _changes obeained are vety small an.d wl.thin
the limits of}’standard deviation, = - -
. The rotatidnal cordelatioh value obtained for the spin labeled
homogenata vithout K+ ion 13 0 53 (¢ .1) ns, almost the same valua (0. 48 +
.1), 08 a3 obtained for 'Zvitl;out ions, while studying the Nat 1on effect.

No change in the value of tha rout:l.onal cufrelqtion t:iu 19 \obtlined

for specifically hbelod ixooogenate in thc preunco B}t K"" qt ony concen- B

t:;ntion. A ylot of T \mlucs as a function of concénmtion of K" ionn

-8 uhwg, in Figure 3.6 o - | S
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Q 4

% " Hence the Nat ion up to concentration limit of 100 mM de-
P ;
A,

/

4

\ creases the mobility of spin attached to the specific sites of the
oplate receptor due to the conformational change introduced in the
specific sites; whereas K"’hion has no effect on the conformation since

o4

ghe mobility of the at‘t;ached\s'pih remains more.gr less the same.

i 3.6‘.3 Effects of Mn?2 Ton' on the ESR Spectrum
According to the literature 12 the effects of div.alen} cat-
L i?ns are_t’aot as signi.ficant as the Nat ion effect in producing “the
increase in agbt;is't binding of oplate receptor. The most. effective
. ‘concentration of Mn*? ions as studied by other workers i!s 1 mM in the
- presence’of 100 uM of Na¥.fon. ° B *
. : . * Specifically labeled samples having t;h"e following concentra-
| tions of bjn"'z ioﬁs_weré used: . .
"iJ 0.05 mM of Mn*2 in the presence of 100 mM of Nat fon;
11) 0.1 m'of Mi*2 in the presence of 100 mi Ne* fon;
- 111) 1 mM of Mi"% in the presence of 10 mM Na' fon.

¥ Y Since Nn"fz has a paramagnetic center, if interacts with the

!

‘ gane electron of the spin attached to the specific site of the homogen-

14 .
-ate. Thetefore, the spectra bbtained from the above samples are inter-
- . v . L

I © ? . \ '

. 'fering, containing six pe'alks fo; Mn‘"’2 ions and the three-lined spectrum - ¢

for the sp}u"t\n middle of the six peaks (Figure 3.7). The line inten-

. B ‘sities of the spectrum for °the spin label has been decreased due t:oK the ©+ -
v . ’ T o " . e . . . < X
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.8till be calculated from thoae‘ interfering spectra.

i

'co'mpletely and therefore tﬁe line ratios cannot be considered as.a meas-

. S, 82

effectg'of the parama‘gnetio ceater of the Mnt2 Jdon. Line ratios can
But the T value

deteimirfed will have no significance in determining conformational \

~

change since the line ratios have been influenced by the combined in-

-~ o

teracuionsj of paramagnetic center on Mn™2 and the attached spin label. )
The line ratios can no. longer be considered as a measure of the function

of sta,te of the opiate receptor. The Z'values determined in the pres-

ence of’different concentration of Mnt2 are shown in Table 3.8.

Since Mut2 fon increases agonist binding, it is \expected .that

»

rotati.oilal correlation values should decrease in the presence of M2

o

(since the effect is opposite to that of Nat ion). Since it is not

possible to determine the T value correctly under the influence of

v

paramagnetic center of Mnt2 ion, the results obtained have no signifi-
cance at all, In the presence of 0.1 oM and 0.05 oM of Mn*2 ion, the ‘

influence of paramagnetic center betomes less but it is not removed

-
L4

ure, of the confomtional change, The most effective concentration 14
of ""2 :I.n mcreasing the agonist is 1 oM and the effects are not as

aignificant belaw 1 mH of concentration. This indicates.that the con-
cencrationa below 1 mM will not help to show any effect of Mn‘"2 on the

confomtion of the opiate receptor. - o N C

Rl
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Table 3.8 . ' - S

Effects of Mat2 ions_on the ESR spectium of apin-labeleﬂ P2 fraction.

Experiméntal conditions; protein concentration = 0.58 mg/ml, total pro-
tein = 2.9 mg; spin label II on §pec1f1g sites, final volume 0.5 ml.
Additives - Mn*2 ions of following concentrations indicated in the Table
3.8 in presence of 100 mM of NaCl. T values were calculated as described
in section 2.4.1, .

Concentration Totational

of MnCly ‘correlation : Remarks .
solution added 'bi,mf (?) ns ) K "0
mM .
. " .| . i- o
0 mM {1.15 + vglues determined have no »

‘ significance on receptor's
0.05 mM . ¥.63 (* .14) | conformational change due to’
/ the interaction of paramagnetic

A aM 1.19 ¢+ .13) | center on Ma*? ion with lone
' ) ‘ electron on the spin label.
1 mM *{1.33 (+ .15) L : -]~

y
.




center on the Mn+2 ion. "

| dard deviations. ;t may be concluded that additions of Mg'?'z ions do

v el g e RS T} ST AT NS

84

‘ LN
o

|
In short, the effects of Mnt2 ions on the opiate receptor can-

not be worked out by ESR study due to the presence of a paraniagnetic

.
!

1

3.6.4 Effects of gg’+2 Ion on the ESR Sgeétrum

14

According to the literature Mg+2 ion in the presence of '

Nat ion also increases the binding of agonists and decreases the bind-
ing of antagonists, hﬁt the effects producec; :by Mg"'z ion are less sig-
nifieant than the effects produced by Mat2 in increasing ‘agonist binding
and Nat fon in increasing antagonist binding, Therefore the question
arigses whether conformational change introduced b'y‘Mg+2 ion can be de-
tected by means of ESR studies, since this method 18 not that sensi-
tive 'up to the limit of 10'10M, the concentratign of opiate receptors,
as :‘nent‘ioned Vpreivously.

The most effective concentration ot’ Mg+2 ions as studied by °
other wojk’ers is 0.05 mM, The results are shown in Table 3.9.. The -
change obtained in the presence of M3+2 ions, is so small that it cannot

'be considered as significant. . The changes are almost within the stan-

’ '- ‘ *

not cause any signj.ficent change in the conformation of the opiate re- -

ceptor or the chn.nge .18 too small to be detected by ESR studies. . Bence
o

the addit:lon of 0. 05 mM of Mg"'z causes a very slight decrease in the z

+

3

/
- ‘.
4 Wﬂ]
gt
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Table 3.9

'Effects
P2 fraction. o |
: - ~ ) ’ - - |
: Experimental \§onditions: protein concentration = 0.58 mg/ml total pro-
; " tein = 2.9 mg] spin label II on specific sites; final volyme = 0.5 ml.
Results of a representative experiment are given as the mean + S.D. of ‘
triplicate determinations. The experiment was replicated twice. _Spec-
tral parameters were calculated as described in section 2.4.1, To*(0) =
38.07 x i06 rad/sec.
P . \ T
I v N
Concentration| . \ . .
of Mg“"z ions Spectral Parameters
. in the pres- i N Remarks
i ence of 100 -
5 uM NaCl Aoty Afhy | T ns
' ;
! . . )
; , ‘ 0 mM 1436 (& 12)[2.38 (& .23)]1,13 (* .11) |No significant .
( : ' ) change in Z
P " L0.05 mM 1431 (* 13y} 2.0 (¥ .19)]0.89 (¢ .11) [values.
H £ -
C } ) " ' - o , .
b 0.1 135 (.1 2,36 (26101 ( .15) ’
i 4 P
- : 1 mM | 1042 (+ .05) | 2.17 ¢+ .23) | 1.06 + .i6) |
o L -
’! - . :
‘ :’ L P +
; b ., T e !
o | ” :
| ¢ | . ,
o ; < aEE A 3 =
[ 3
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. ¢yanate could perhaps be used. Isothiocyanate binds prefe;en‘tia}ly to

x_ is llboled with 1sothiocyanate spin under the usual procedure of

"-sH groups covalently and -thereby eliminate the opiate binding capacity -

run ‘'under the usual conditions. . . '

. ' § '

value that might have ane :experimehtal siénificance but 18 not very “a
. .

prominent. Additions o : 0.1 mM of Mg+2 and 1 mM of Mg+2 ion cannot ‘ v
oo Y S
be worked out very well by ESR spectroscopy, as expected, but the re-

sults obtained do not contradict the literature data obtained by bind- .

ing studies. , o . .
¢ i o ‘\“ a
3.7 Use of Isothiocyanate Spin Label ,

An ESR label might reflect changes due to the binding of

v
)

agonist or antagoniet to the receptor. For such a stuay, the malei-

2

mide spin labels cannot be used since those labeis will attach to the

&

as all the agonists react with the -5H groups om the ‘receptor since
the receptor can be deactivated by pretreatment with -SH rea;gents.
; ) .

To study the effects of drugs other labels such as isothio-

ki

-NH, groups and to some extent .to -OH grbuﬁs .

’

The same kind of triplet representing a freely mobile spin o
rapidly tumbling in solution, is obtained as .showm in Figure 3.1 when

the ,ESR spectrum for.the isothiocyanate spin label used (Figure 3.8) is

R ... ' B
3.7.1 Labeling the H¢ ' th Isochioc te Spfh (IV)’

Whep the b:;ain hoﬁosdu&te (protein concentration 0. 58 mg/ml)

1
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' speciflc labeling, the ESR spectrum obtained is identical to that shown

’

in Figure 3.2.. Line ratios are calculated and Z'value determined‘ls

around "0.75 Kf .09)ns. . : ]

Y

Results from the radioact1ve”bindingiexperihent to.verify

the specificity of ' labelung are shown in Table 3 10. It is observed

from the results that specifac labeling is not obtanned with the iso- -

~thuocyanate,spm. When th Py fractnon is treated with ethyl isothio-
N |

cyanate for 20 minutes most of the specific sites have been blockea.

But a protection experiment shows that only 9% of the total morphine

1

‘sites has been protected. Even .though the morphine sites are not pro-

tected,- the Po fraction was still incubated with isothioéyanate spin

for 1 hour to see the extent of labeling for the sake of intérest. Only’

4% of the protected sites were labeled by isothiocyanate'spin. “The
study indicates that specific labeling is not obtained with isothibcy-
anate label. Most of the specifi; sites ‘had_been blocked by ualabeled‘

ethyl isothiogyanate. The extent of blocking depends upon the time of ~

reaction with the blocking reagent. Specific labeling of only 4§ of the

total morphine sites can be neglected. It is not possible.to obtain any
significant results from the experiments due to failure of labeling Pz

fraction specifically. . oot

o
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. Determipnation of Bound Igsthiocyanate Spin Concentration .

The isothiocyanate label was freed by treatment of the sample

3.7.2

wi;h NaOH and a tiiplet characteristic of a freely mobile spin rapidly
tumbling in solution was obtained. Mid-peak heights were determined.
The proportionafity constant (K) is ‘detemined from tl:. 'si‘gnal heights
o‘f various known cc;m;entrations of pure spin label solutions. The
metl';od for cfet:emining K has been shown in section 3.5. .Reaults obi-
t,ained are shown in Table 3.11. |

The mean concentration df bound isothiocyanate has been cal-

. culated as 5.82 x 106 (+ .22) M/mg of »protein. This indicates that

when the‘ ﬁomgemte is labeled with iapthiocyhhate spin the amount of

. bound spin is about 15 times more than the.amount attached whén the spin

¢ .

label i ﬁiefm{dé: This can be explained on the basis that the prob-
ability] of having -NH, groups is more than that of -SH groups on a pro-
{ \

tein mblgcule. Secondly, the percentage of non-specific binding is .

\

-~

much more in the;_aﬁ’e of isothiocyanate spin label than that obtained

o

in maleimide spin labeled homogg,nat:a. In any cade, the concentration

determined is approximate only as mentioned earlier.
L 3]
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3.7.3 \ Eff.ects of Mo_r_ghine on the Spin Labeled Homgenate and

their Senaitivitx towards the Effecta of Na"' and K* Ions

~

- ’ t values were determined for the e;iacl;ed 1sothiocyanatDe spin |

after the addition of various :additives f\rqm the experimental spect;ra
of sp/in labeled homogenate, The m‘ean?;’ value has been caiculated as
0.75 ns when there are no additives. Adft\‘er the additipn of morphine
(2 x 10'6M), T value changes from 0.75 ns to 0.71 ns. Such a small
change is not significant and falls within the standard deviations cal-
culated ’

When 100 mM Na' ion was added to the laample, containing
added morphine, no chan'ge in‘lChe, spectnnn:was found, . The Z value changed
to 0.68 ns which is not very significant.

If 50 mM‘K"’ fon was added to the sample containing added mor-
phine the Zvalue changes from 0.71 ns to 0,70 ns, i".‘e., within the ' .
lipits of st:andard deviation. Results are shown in Table 3.12.

In summary, )there is“ no detectable change of conformation in
" the opiate receptor due to the addit:io;t of morphine, N * jon ivl}en

. [

the spin label is isothiocyanate.

A
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Table 3.12°

s

Correlation times for isothiocyanate spin labeled P2 fractionm &!151'1 various
Jdigands, '

T valueg were calculated from equation 6 as déscribed in section 2.4.1.
Additions were made as described in section 2.8.3. Data are the means
of triplicate determinations. Values in the bracket indicate the

standard deviations. J
¢ ,
Sample ’ ’ ' : ¢ ns .
Free spin label S 0.01
" . (+ .004)
. ) : : <
N e - 77
« | IV labeled.P, fraction (p.c. 0.58 mg/ml) 0.75 .
(+°.09) Coe
IV labeled P, fraction + morphine (2 x 10760 . | o711
\ ' (+ .12)
. 0 - :
IV labelgd Py fraction + morphjhe + NaCl (100 mM) | 0.68 ~ _
< (+ .15)
.\ g
A
€ . - - : )
IV labeled P, fraction + morphine + KCl (50 mM) 0.7
. i (+ .09)
. »
, 2
)
. —~——
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.'Z'value of attached iaothiocyan;te changes frg;n a value of 0.78 ns to .

decreases.from a_ value of 0.78 ns ~t:o 0.65 ns.

: be fébeled with isothiocyanate spin label.

3

Individual Effects of Na*, K* and Morphine on

3.7.4
Isothiocyanate-labelled Homogenate .
% The results of this study are shown in Table 3.13. It has '

been found that 30 mimrtes after the addition of 100 mM Nat.fon,- the ‘ N

a value of 0.77 ns. Sﬁlch a sinall change cannot be considered signifi-

cant. .

’
.

Thirty minutes after .the addition of 50 mM K+ ion, the T value
This change is also within
the limits of standard deviation and therefore it may or may not be con-

sidered as significant,

{n the tvalue from 0.78 ns to 0.73 ns which also is not
significant fo consider as a change‘in mobility. The values are -almost ,
w:j.thin the {standard deviation that can vary up to the I:Lmii: of + 0.1 ns ) .

as seen from previous éxperiniéntal determinations.

No change in the mobility or conformation has been detected

”

after the addition of Nat, Kt and morphine when the .homogenate is labeled

with isothiocyanate'spin. In conclusion, the experiment ‘with isothio-

cyanate spin is a failure as predict’ed, since thé specific sites cannot

O G U S
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Effect. f"Na+ k" and moryltne on ESR spectrum of isothiocyanate spin

hbeled P2 fraction (protein 0.55 gg/ml) -

-2.4.1.

minations.

Temperature 25°C:
with various ligands. Z° values were calculated as described in section .
Data are the means (+ gtandard deviation) of triplicate deter-

"Total protein = 2. 9 mg; f£inal voluufe = 0.5 ml.
KC1l (50 mM) or morphine (10-6M) standard buffer = 50 uM tris (pH 7.5).

3

Additives = NaCl (100 mM),

ESR spectra were taken after 30 minutes of incubation:

Addition

‘T values in ns

None

1

'0.78 (+ .09)

100 mM Na© fon

.0.77 (& .13)

50 mM. K+ ion

0.65 (+ .15)

0.73 (+ .09)

| Morphine (10~ 6M)
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,  DISCUSSION

i

4.1 Spin Labeling ' .

‘ Spin labels used for the present study are the’2,2,4)4-tétr§-
methyl pyrrolidinyL-o;yl spin lfbels carrying systematically varying
chain lengths in combination with two ‘'attaching groupsl malgimide or
isothiqcyané;e. Spin lapels in which the attaching group is maleimide
give the most valuable information regarding the conformation of opiate

rgsfptor. The mgléimide‘group,haa'been found uqefui in spin labeling
‘proteins covalently at -SH groups in the opiate receptor. The sp;n
label in which the attaching group is isothiocyanate mainly attacge; to. '
the protein moiety‘og the reéeptor at-NHZ groups and to some extent at
~0OH éroups. When the P, ftactiogs were re;cted with a maleimide spin
their ESR specfra revealed that there is definite attactment of the ;pin
labels to the'P, fractions, since the mobility of the spin label changes
from its pattern of three equally s;;ced lines of about the same heighg
(trgplet) representing a freely mobile spin rapid}y tumbling i; a solu-
tion, to a less mobile spectrum having three broadened lines of unequa}i

heights, . . . : o |

96
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. 4.1.1 Specific Labeling

In labeling the receptors the concern of specificity is most

0

* important. In the previous sectioﬂs-(2.5), a simple procedure for spin

.

labeling opiate receptor preparation épecifically.at its -SH groups

that are responsible for opiate attivity, has been shown. Protein modi-

fying agents which affect sulfhydryl groups differentially influence

the binding of agonists and antagonists 15.

and N.ethyl maleimide both strongly inhibit (3H)—dihydromorphine bind-

Phenyl mercuric acetate

ing to the receptor. PMA at oiicentration of 10~4M is more potent

than ethyl-maleimide at the s copcentration in inhibiting dihydro-
‘5 morphine binding. Similar effecta/are exerted by a wide selection of
: ‘ sulfhydryl reagents which differ markedly in their structure and chem- -
ical ?echanism of sulfhydryl inactivation, strongly suggesting the
presence of a reactive sulfhydryl group associated with the opiate re-
ceptor which is much more important for agonist than antagonist binding.
Prior treatment with opiates protects the réceptor binding from'sulfhydryl
reagents. The location of the -SH group in relation to the binding site 1;
; difficult to establish, Pratection experiments with high concentrations of
opiates suggest that this group may be at or near the binding sites. However,
._ it is possible that opiates protect receptor binding by conformational changes
-
induced by binding or allgsteric interaction. The mechanism by thch these
sulfhydryl reagents act is still not known. According to the 11terature15

‘they appear to decrease the number of agonist molecules binding, and it :

¢ e e o <&




e — = — e g e he e s e S e e S o —r T . e s

R el a3

4

R S

appears also that other residues, in addition to sulfhydryl groups,

are important for the binding of‘agonists. The time allowed for the
; l rgéction with sulfhydryl reagent after treatment with the appropriate
’ congentration of morphine, is ;ery important. Since both ethyl malei-
E . mide and phenyl mercuric acetafe bind covalently,'they might displace
f tke loosely, non'covaiently boﬁnd morphine from the specific.sites ié
: the period of reaction is longer. Hence the pé;#od of two minutes in-

‘cubation was .allowed only to decrease the number of non-specific sulf-

! . hydryl groups to a certain extent when the specific sulfhydryl groups .

were protected. Morphine could be washed off, followed 5% centrifuga- T‘f

; . tion. Specific sites were then labeled by maleimide spin, thereby in-

i s ‘hibiting strongly the (3H)-dihydromorph1ne binding, suggesting that the
specific sites were labeled by maleimide spin label. Hence the spec-
trum obtained after labeling the homogenate specifically, will contain ~ |
information oﬁ the specifi; sites in the opiate receptor. The spectrum
reveals the mobility of the bound spins on the spécific sites, Hence
-any change in the conformation of specific sites will be indicated by

changes in the spectral parameters representing mobility of the spin.

The spectrum obtained is significantly weaker than the spectrum obtained

after labeling the homogenate non-selectively. The present study shows

X a direct physical proof that sulfhydryl groups are essential for bind- *

ing of opiates. : ;.1 :

-t
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As indicated prey%eusly in section 3.7.i, the P2 fraction can-

not be labeled specifically with isothiocyanate“spin labels'whicq prefer-
entially affect'-ﬁﬁz éroups‘and to some extent—BH g@oups. Like‘malei-
mide or PMA, othylisothiocyanate at the sameé concentration strongly in-
hibits (3H)-dihydr0morphie:'binding ‘to the receptor, suggesting that ’

a

-NHz groups are elso necessary for opiate agonist binding. 'The extent
of inhibition depéhdS'upon the period of reaction with reagents. But

prior treatment with morphine ‘cannot protect the receptor %inding from

iaothiocyanate reagent, unlike sulfhydryl reagent. Since protection
does‘not occyr, the' location of -NH, groups responsible for agonist .
binding seems to remain a big question. In contrast to -SH groups, after

binding of ‘opiates to the receptor the specific“-NHZ groups are still

expcsea'to binding by isothiocyanate reagents, thereby eliminatingdihy-
. d ;

. : . @
dromorphine bindig. But the mechanism by which these;;sothiocyanate
reagents act is still not known. Sin¢e the protection experiment fails

* ]
there is no question of labeling the specific sites by isothiocyanate

‘Y ’
spin. Most of the specific sites are blocked by -unlabeled ethylisothio-

g . o . . .
cyanate covalently, the spin label (isothiocyanate) may label only 5%,
. :

;of'the total morphine sites. Such a low perceritage-of specific labeling

7'y

tan be.neglected and is considered as an experimental error. Since spe-

cific labeling is not achieved with isothioc¢yanate spin, the spectrum

obtained after the usual procedure of labeling will not indicate the




%

.
ey M AR G TR

oo . 100 :

- .

i N conformational change if introduced im the specific sites by ligands.
| “ . More précisely, the study of the opiate receptor conformation will not
2 > Q!J» be possible with the use of isothiocyanate spin label. . U

’ : “

. oo 4012 Determination of Bound Spin Concentration O

-

. The amount of spin bound to the homogenate or Py fraction is

*

determined by the me::hods described in section 2.6. Treatment with
'
‘NaOH after labeling makes the bound spin free by destroying the protein

i

(o , structure of the opiate receptor. The spectrum obtained after the

treatment of NaOH, gives a triplet characteristic of a freely mobile

spin., The amplitudes of the signals of"ti\e triplet for ‘freelyj mobile

/

o . :
. spin will dépend upon the concentration of free spin in solution. Hence’
amplitude determinations of various spectra will give an idea about the
, ‘concentration of. spin attached. This method of spin concenti'ati_on de-

.0

s termination is an approximate one since the amplitudes of the ESR'spec-

trum may vary according to t:l"ng exact position ‘of the cell in the cavistj.

The exact position cannot be maintained during comparison of the signal

heights in a spectrum of NaOH treated sample with the signal heights in

-

BN (et TR g $T e e

. T a. spectrum of a free spin label solution of known concentration " When

the homogenate is ‘8imply labeled without concern! Fo specifici.ty, the

amougxt of the spin attached is much higher than that present in the

: i homogenate when it is labeled specifically In specifically labeled o
]
E‘ ’ homogenate the amount of non-specific binding 13 réduced but it 1is not )
" Y § e possible to cut down t:he non-speciﬁc binding totally. ‘ .
(R 4

’
. -
.
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4.2 '~ Effects of Ligands on ESR Spéctrum

.

Lot ’ o {101 . - “ : ‘ [}

P
N

The total amount of spin label bound to thé receptqf’prepar-\
ation is highér than (3H)—dihydromorphine binding. This suééestsfthat
we are dealing with a high proportion of non-specific binding, or that
the spin label binds to'morg sites on the receptor thaﬁ does’ the opiat;.
nNevetheless, opiate biﬁdiﬁg is eliminated by "specifically" '
bound label, and it does inaeed.behave in a specific way, as predi;ted

by previous pharmacological investigations. That gives us the confidence -,

to consider it indicative ‘of receptor behavior, quantitative discrep-

ancies notwithstanding. S . - .

) The increase in this virtually specific binding is indeed . _ *
. ' r

fortunate, as spiﬂ concenttation in the picomolar range could not have

been detected by the instrﬁment,aonﬁr disposal.

Since the spin label is covalently linked to the P, fraction)

v

A 1t‘provides a direct probe of the conformat{onal state of the opiate

2
receptor. The changes in ESR spectrum of the label on addition -of a'li-
‘ |
e
gand result from changes in the mobility of the label, i.e., froq a con~ ..

formational ' change of the lipaprote§p/hatrix.

< S

//
4.2,1 Ion-induced Changes in ESR Spectrum ) \\\\\ ‘

) ,

The ESR spectrum from the P, fraction (protein concentration \\\;

3

0.f mg/ml) label ﬁ/ith maleimide spin label II chahges) when Na© iops at

cpncentratigp/(S-ZOO)mM are added to the sample contaiﬁed in a fiat

. . l
/ "
. ot .
- N
. s .

i
|
i
i

3
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aquous ESR cell. Effects are most pronounced at '50-200 mM of Nat ioms.
.\{‘ . ! v
A spectral parameter 'Ec, the rotational correlation time, inversely re-
lated to the tufnbling rate of the nitroxide spin label changes signif-

i:cantly due to addition of Nat ions. Definitions of  'have been ©

.

/ ¢ glven in several ppblications 35,36 | The correlatjon time can vary

between 10~11 to 1077 sec.--corresponding to very fast and very slow

[ S

tumbling, respectively. .
The Nat ion in;luced conformational change is detected by the -

maledinide - spin‘ label. Resultq obtained for Uthe ‘differgntimal effects of
{ Nat ion 12,13 ‘and protein modifying agents 15 on the binding of agnonists
and antagvogists are best explained by a hypothesis‘that Nat 'ions éroduce

a conformational change in the opiate receptor which causes an alterna-

-

. tion in opiate binding sites: The altered sites have increased affinity

) . .
‘”"‘-‘Kwr\;a\t:t:agonists and considerable decreased affinity for agonists. This
is just a hypothesis about the structure of the opiate receptor, but so

far no direct physical proof was offered for-it. Hence the present study

implies a biophysical proof for the hypothesis that two interconvertible °

conformations are indeed present in the opiate receptor; ome is the agon-

'ist conformation which is represented by a state having Z° of 0.48 ns
v ' )

that means the spin in that conformation has considerable mobility, and
\ . . '

[}

aphe ot:hez? is thé antagonist conformation in which the spin has-decreased

t

l'mobility, having a rotational correlation time of 1.12 ns. Nat ions

[y

L‘t‘
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promote the antagonist conformation, reducing the proportion of agon-
'ist conformation. At 100-200 oM of Na' ioms, the transformation to

antagonist state from agonist state is almost complete.
{

This property of Nd+ ion in increasing the 1..°b11;¢y of the

10

- ' spin or the aﬁtagonist conformation is characteristic of sodium rather

than a general effect of catioms or of high ionic s&reﬁgth since no such
3 . St
. -0 conformational change, i.e., no change in Z value, is detected in the ,

presence of Nat ioﬁ up to a concentration range of 200 mM when the P,y

.fractions are labeled with the same spin_labél non-specifically. If

this effect were due to the ionic strength butlnot to the conformational
change on the specific site, the same kind of change in an ESR spectra
qnui&‘be expected’ in the presence of Nat ion of same concentration when
the P, fraction is labeled ﬁon-specifically.
| ' It has to be emphasized that the effect of Nat ion is not a
general effect of ca'ﬁbns since Kt ion in the concentration range (100-
: 200 mM) has no “Effect on the mggility of the label attachedxgo the re-

) ceptor site. fhis result is in accord with the results obtained previ-
eusly fromr radioactive binding studie312’13. Our studies confirm the
conformation of oﬁiate'receptor prév}ously proposed L o explain’ the
mechanism of aétion of opiate dgoni;ts)and antagonists in receptor func-

s ti&p. | . ‘ 5 ’

The ;ffectb of Mnt? jons on the conformation of opiate recep-
tor cannot be studied by ESR techniques due to the presence of a para-
magneticfcenter on the Mn +2: ion itself. Addition of Hn ions to the

.

{ - ,a .
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spin-labeled P, fraction. results in a diminution of the ESR signal and D
gives an 1nt:e;'fering spectrum due to the interactions of the lone elec-
tron on the spin label apd the paramagnetic center on thg Mnt2 ion. .
Line ratios which‘ dete;:mine the mobility of the 3p1:p; calculated fronr
th;se interfering specf:ra, will have no bearing ox; the confarma‘tional
change if introduced by Mn*2 ions. "

[

Addition of other divalent cations, e.g., Mg"'z causes no

change in the speétrum of the Py fraction specifically lgbeled with
maleimide spin label. This ‘tndicat;s that Mg+2 ijon does not cause any
confomati‘onal‘ change in the opiate‘receptor ‘site in contrast to the
findings 14 that d‘ivalent: cations selectively increase, the agonist bind-
ing. The nature of the change introduced in the opiate receptor, i:hét‘
results in high af@inity for agonist bind%ng, by reducing receptor sen-
sitivity to Nat ion, 'igs unclear. It might also be possible that the“
postulate in fa}vor of the;agonist conformation due to the ‘addition of
Mg'H' ion,‘ ism correct, but the cha'nge introduced is not as signigicant
as the éhange produced by Nat ions, th_ereforle, the change in con;ot-ma-
tion is not detected by the ESR techniques. This explqgat;ion seemé Tea-
sonable since the technique is sensitive only ;p tova maximum limit of
o
10'7H210“9M on signal averaging) concentration but the specific site con- '

centration has been found to be around 1079 to 10~10m concentration, this

means that a large number of non-specific sites may'oversfmdow' the effects
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produced by the specific sites only. It has to be stated also that
changes due to Mg'*:" are congiderably less pronounced than the Ng"‘ ef-
fects in the binding experiments of the Snyder groups 14 , another pos-

!ible reason for their undetectability by ESR.

4.2.2 Morphine Induced Changes in ESR Spectrum

+

The mechanism bf action of agonist and antagonist with a re-
ceptor is .not known., Conformatioenal studies of receptors might give
insight into their actioms. Binding of oplates to the recept;or may ir'1-
duce a confomtijggal change in the site of action, resulting in a
series of chemical and bielogical reactions which cause a;malgeéia and
perhaps reveal the nature of teceﬁtor coupling to adenyl cyclase. How-
ever, no .morphine induced changes are oi:served with the Py fraction spin
labeled by maleimide spin label. This may be due to the fact that ‘mor-
phine cannlcot bind to recéptor, since the maleimide sp’in labels bind co-
valently to\t?he sulfhydryl groups thereby eliminating opiate activity.
Hence isothiocyanate spin label which reacts with amine and/or'al‘cohol
groups 32 {s used for this purpose. No morphine induced and even no

<

Nat induced changes are, obsérved with the P, fraction spin labeled by

isothiocyanate label. The only explanation which can be given is the

) P

inability of the isothjocyanate spin to label the Ps fraction specifically.

The ESR spectra from the P, fraction spin labeled with malei-

mide spin labels before and after the use of a blocking réagent:, e.g.,

'

- e e e . - . ./..‘
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"PMA or ethylmaleimide, indicates that the label probably attaches to

. i <
_the receptor at sulfhydryl sites. The amount of bound spin after the

use of a blocking agent which affeects sulfhydryl groups, has been dras-

tically reduced. The first biophysical evidence in support of the view

Il

th;t sulfhydryl groups are important components for opiate actions and
for differentiating th; interactions of opiate agonists and antagonists
with the opiate receptor, is obtained from ;ur b;esént study as-th; spe-
cific binding i; iﬁhibited completely.after)labeling’the Py fractioﬁP

with maleimide spin label. Specific sulfhydryl groups may be located on

4

the surface of the receptor since the attached spin labels have consid-

erable mobility. This work also indicates that -ﬁﬂz groups may be re-
. ' ¢ .

sponsible for opiate activity as ethyl-isothiocyanate (unlabeled) can

eliminate specific binding. The impossibility of protecting the binding
& "

sites by preincubating with a saturating concentration of morphine before
treatment with ethyl-isothiocyanate might suggest that "specific -NH,""

sites are different from "specific ~-SH" sites. The location of specific

-NHi, groupg on the opiate receptor cannot be elucidated because of the

failure of the expériment of labeling the P7 fraction specifically with

T.

isothiocyanate spin label. N

3




CHAPTER'S -

} SUMMARY AND CONCLUSIONS

.

5\1 T Geperal

The spin labeling technique has been introduced to investi-

v
\ t

gate the structure of the opiate receptor. Spin labels used for this

purpése have two types of attaching groups, maleimide and isothiocyan-v
\ X

ate, \@. Py fraction has been prepared from rat brain. Specific bind-

ing of 3H-dihydromorphine has been demonstrated. Techniques for label-

ing the P, fraction specifically with maleimide spin label has been
t Y .

developed in a series of experiments. A study has been carried out to

it

investigate the effects of some important:. ligands on the spectrum from

a specifically labeled P; fraction. Ligands studied are Nat ion, xt ion,

Mnt? ion, Mg+2 ion and morphine. Of those Ne* ion provides the most in-

téresting results that are in agreement with the hypothesis of a con-

formational change in the specific site in.the presence of Na+ ion.,

A . .
The results of the study of the effects of the ligands are tabulated and

.

plotted in graphs ‘e.nd their effects are discussed in detail in section

3.6. | \ . ‘ ‘

Use of spin labeling technique in this field enabled us to
s!:udy the opiate recei;\tor conformation in understanding the mechanism
of actions of opiates.\'\ -

4
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5.2 Contribution of this Study

The specific contributions ;f this-study are!

i) Techniques are develqped for labeling the Py fraction
with spin label.

ii) The Py fraction can be gpecifically spin labeled at Pul—

fhydryl sites. The first physical approach has been made to the postu-

jation that sulfhydryl groups are located on the specific sites and are

responsible for binding of opiates.

i) The electron spin reson;nce spectrum.indlcates that the
bound spin label has con;iderable mobility whlch.ig greater than that of
}the‘whole macromolecule. This together with measurements of the hyper-
fine coupliﬁg constant suggesté that spin-labeled SH is on phe surface

of the receptor. Hence it indicates also that specific -5H groups on

the q?ceptor hight be located on the surface of the specific sites. But:

this study is not enough to give such definite comments about the loca-
tioﬁ of sﬁecific -SH groups. Further investigation is necessary in this
area.

iv) The amount of spin bound has been determined by a method
using NaOH to disrupt the protein structure of the receptor thereby mak-

ing the bound spin free.




' ’ v) The conformational change induced by Nat ion is de- /’
tected by the spin label. The previously postulated conformational

. ' ' . cﬁange in the presence of Nat ion can be confirmed by a study of the

spin-labeled spéctrum in presence of Nat ion.-

For ti1e first—time it has been pr(;;red by ‘biophysical tech-
niqﬁes that the receptor un'.dergoes a Son;formational change in the - "
e presence of Nat ion so that the transf.ormed site has highe; affinity
forlbinding of opiate antagonist than agonist bindipg.
vi). Kt ion at the same concentration has almost no efiiact on
| ' the spin label. Thét means that K* ion cannot cause conformational
change in opiate receptor site. This result is in agreement with the
result obtained from previous binding studies in the }ite}.‘ature 12, .
vii) Addition of Mn*2 jon to the spin-labeled, P, fraction pro-

duces an interfering s;;ggt_r_gm_iu,e_to the interaction of the lone elec-
tron on the spin label and the paramagnetice centex‘of l“dn'*'z ion., Hence
the leffects oof Mnt2 on_opiate receptor conformation cannot be :';t'udied by
means of this technique. .

-

e viii) Addiltion of Mg'?'z ion causes no significant change in the
spectrum. The-results obtained is inconsistent with the results deduced
from‘the binding studies. This experi‘ment: fails due to, inadequate_ sen-
sitivity of the teck;niéut;s. .

ix) .No significant conformational change has been detected by

the isothiocyanate spin label in the presence of Nat, K* and morphine .o
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due to inability of the spin isothiocyanate to label the P, frac- r

tion specifically,

5.3 Suggestion for Future Study ) : " ' ’ ,
An understanding of the conformation of the opiate recep- .

tor site by the applicgtion of a biophysical technique should shed

light on the reason for the difference in pharmacological action be-

tween 'drugs which differ only slightly in structure. The uniqueness

of sodium ion raisea the possibility that alterations in sodium bind-

ing or transiort may play a role in the mode of action of‘opiateé.

Various possibilities may arise involving the design of the c&)rma-

tion of the narcotic receptor site for explaining the mechanism of

action of opiates. This field is so big that it caﬁnot‘be covered in j
a single study. The present study confirms some of the sﬁeculations |
about the conformation of the opiate receptér but a further study is - "

Q

necessary.

L]

it r

< Suggestions for improving future studies are outlined as - J

follows: ; . ’ -

N . 1) "In the present study, the specific labeling obtained con-‘

! ' tains both specific sites aé well as non-specific sites. Hence an effort

; . —
should be made to cut down the amount of non-specific labeling as much

as possible so that a measurable signal is still obtained. That may be

-
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possible by using a more modern ESR spectrometer and using spin con-

IS

' centrations in the nanomolar range., . " .
| ii) Blockihg the.receptor\with opiates of higher affinity
(etorphine, "super-fentanyl") might improve the extent of specific la-
beling.
iii) Conformational changes on drug binding could be investigated
by spin-labeled oplates. Some investigations along this line are in pro-
gress in our laboratory.

4

‘' 1iv) -Present study as well as previous studies by other work-
.~ ers uses a crude preparation of receptor to invest%gate the narcotic
receptor site. The isolation of opiate receptor has to be accomplished
_for further improved studies, ' ]
v) Preseﬁt,gtud; with isothiocyanate spin label is not very"

e comprehensive. Hence further study is necessary ip this field.

!
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