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SUMMA ifl�

PASTERNAK, GAvRIL W., AND SNYDER, SoLo\IoN H.: Opiate receptor binding: effects
of enzymatic treatments. Mat. Pharmacol. 10, 1M3-193 (1974).

A variety of enzymatic treatments have been examined with regard to their effect on

stereospecific [3H]naloxone binding to rat brain homogenates. Opiate receptor binding is
sensitive to very low concentrations of trypsin (EC 3.4.4.4) and chymotrypsin (EC 3.4.4.5).
Trypsin appears to decrease the number of opiate receptor binding sites, while chymotrypsin

primarily lowers their affinity for opiates. Receptor binding is drastically reduced by very
low concentrations of phospholipase A (EC 3.1.1.4), is decreased by higher concentrations

of phospholipase C (EC 3.1.4.3), and appears relatively insensitive to phospholipase D
(EC 3.1.4.4) and neuraminidase (EC 3.2.1.18). Small amounts of RXa%se (EC 2.7.7.16)

and DNase (EC 3.1.4.5) are without effect. Trypsin and chymotrypsin decrease receptor
binding in a biphasic fashion, suggesting the presence of more than one population of sites
sensitive to proteolysis. By contrast, the phospholipases degrade binding in a monophasic

fashion. Thus the opiate receptor appears to be a membrane-bound complex whose stereo-

specific binding is dependent upon the integrity of both proteins and phospholipids.

INTRODUCTION

Recent studies have directly demonstrated

specific opiate binding sites in nervous tissue
(1), and these findings have been subse-

quently confirmed (2). Binding is stereo-
specific, an important criterion described by
Goldstein et at. (3). Stereospeciflc [3H}-
naloxone binding to brain tissue is displaced
by a variety of opiates and their antagonists
at concentrations which parallel their phar-
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macological potency. [3H]Naloxone-receptor

complex formation fits models for a bi-
molecular reaction, and its dissociation
follows first-order kinetics. From studies of

the saturation of [3H]naloxone binding, one
can estimate 30 pmoles of receptor sites per
gram of rat brain (4). Of 45 monkey and

human brain regions studied, binding is

greatest in areas in which morphine im-

plantation most effectively elicits analgesia,

and binding is unaffected by specific lesions

of cholinergic, noradrenergic, and sero-

tonergic pathways (5). While the identity of

these bmding sites with the pharmacologi-

cally relevant recognition site for opiates is

supported by these data it is, conceivable

that other opiate binding sites may exist with

particular biological functions (3).
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We flO\V r(i)0tt the influence of a variety

of (llZyllI(5 Ofl 01 )iat e l( cept ( )r binding in rat

brain tissue.

MATERIALS ANI) METHOI)5

Trvpsin (195 units/ing), trypsin treated

�vith i�- (1 -tosVhlrnido-2-phen vi )ethyl (‘hioro-

nietliyl ketone (TPCK) (200 units’mg),

phosj)llOlij)ase (‘ (fri )ni ( ?o.slri(Iiu in welch ii,
1.5 units, rug), I)Nase I (230() units rug),

chvniotrvpsin (flU units “ing), neuraniiiiidase

(1.13 units rug), 1{Nase (2700 units rug),

trypsmogen, and (hvinotrvpsinogen were

acquired froni \V )rtlungt( )n Bi )ehemieal

Corp( )i�Uti( )i). PIi� )sj)h( � A (fr )ni I ipera

russelli, 5.2 units rug of protein; and bee

V�I1( )fl) 1230 units nig ) , 1)11()s1)llOlij)ase 1)

(from cabbage, 22 units ‘ing), an(I Trizma

buffer were j)urchased from Signia (‘hemical

Company, While phosj)holij)ase A (from

Ciotalus tel1lf((uS teI1lfi(U.S, 230 units “mg)

was purchased from ( ‘all )l( )cheiu. ‘‘NCS’’

tissUe sOhlbiliz(r Was oI)taiII(d fu �

Amersham Searle. \aloxone WU5 a generous

gift of F;ndo Lal )oratories, and leVorphaii( 1
an(I deXtrorl)han were donated h� 1�oche

Laboratories.

- )-Naloxone Wits tIlt iatid I)V �\(\V Eiig-

land Nuclear (‘orp )rat ion using a t nt ium

exchange method, 1111(1 purified by thin-

layer chromat )graj)hy, as previ( )usly (Ic-
scribe(I (1). The specific act ivitv was S (‘i’
inniole. In our svsten, 10 cpni of

[tH]naloxone represent 20 piuoles, assuming
a counting efhcieiicv of 44 1�

Receptor bind/n1, assay. Male S�)rague-

1)awlev rats (AS(’� Sprague-1)awlcy,

\ladison, \\‘is.) (1S0 22() g) wer( decal)i-

tated UII(1 their brains were rapidly removed.

‘the (‘(rel )ellunt , which coiit ains neghgil)le

binding (1), was excised, and the remainder

of the 1)I’aiil was iIflifl(diat(lV place(I iii the

appropriate volume of iced 50 iu�i Tnis-HC1

buffer (pH 7.7 at 250; designated as standard

l)ufier) and homogenized with a Briiikniann

Polvtron ton (�0 sec at s(ttmg 3. UII(S5

otherwis( stated, all suhse( iueilt procedures

\\(re performed at 40, A tyj)ical filt ration

�t55ttV (‘( )Ilsist((1 ( f incubat itig 2 ml of I issue

homogenate in triplicate with S ni�i I])TA

and either levorphan il 01’ dext n )rphan at

100 n�t for S ruin at 25#{176},adding �H nalox( )ne,
an(I contmuing the incubation for another

20 miii. The incubation was terniinated by

filtration under vacuum over Whatman glass
fiber filters (Gl’-B). The filters were then
washed with two 5-iiil volumes of cold
standard buffer and placed in 15-mi aliquots
of Triton X-100 scintillation fluor [250 ml of

‘Initoti X- 100, 7.3 g of 2 , 5-diphenyloxazole

(PPO), and 167 rug of p-bis[2-(5-phenyl-

oxazolvi) ]benzene (POP()P) in 1 liter of

tolueneJ. Ihe samples were shaken for 30 mm

and (‘ounted the iiext day on a Packard

scintillata )fl counter (rut )d( 1 33S5) with an

efhcienc�’ of 44 . Stereospecific binding is

ol)tained by subtracting the binding in the

prt’seiice of lev( )rphanol from the binding in

the presence of dextrorphan. Lnless other-

wise stated, all reporte(l values of [RH]-

italoxone binding are stere )speciflc and are

the means of triplicate determinations,

which varied less than 10

Cent ri fugat ion expenin ients employed 2-
iiil ahquots of 1: 10 (w v) brain homogenates

in standard Tnis l)uffer. I �neliminary incuba-
tion with 5 m�i E1)TA and either levorphanol

or dextrorphan at 100 n�i for 5 ruin at 25#{176}
was followed by a 15-miti incubation after

the additi( it of [tH ]naloxone. The samples
were centrifuged at 49,000 X �j for 10 miii at

4#{176}in a Sorvall ultracentnifuge. The pellets

were dissolved in 1 ml of ‘‘NCS’’ tissue
solubihizer and counted in 15 ml of toluene

scintillation fluor (4 g of ()mnifluor per liter

of toluene).

Ihe varit nis conditions f �r enzymatic

treatments are described under RESULTS.

1Ilzln(’s w re Ii )t further 1)urified. Trypsin

digest l( )nS )erformed either bef )re or during

the assay procedure, with or without EDTA,

all give identical results. Sialic acid was

measured by the thiobarbiturate assay of

Warren (6).

To examine whether nalox( ne was altered

(luring the binding procidurt’, 40 n�i [3H]-
naloxone \VU5 1)01111(1 to 10 ml of a 1: 10
(w, v) honiogenate of brain for 30 ruin at

25#{176},1111(1 the mixture was centrifuged at

49,000 X h’ for 40 miii. The bound [�11]-
nakxone \\‘aS recovered 1)y immersing the

pellet in a boiling water bath for 30 miii. The

mixture was again cent rifuged at 49,000 X �

for 40 nun, and the supernatant fluid was

use(l for binding. Heating authentic [�11j-

i malt xt )ne in stan(Iar(1 buffer alongside the
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bound [3Hjnaloxone did miot affect the bind-

ing of the former.

RESULTS

Factors infiuenein�, [3/f] ii aloxone bind/n q

assay. Filtration has been utilized for the

standard assay for [3H ]nah )Xone binding in

this laboratory. To explore the validity of
this assay, we compared filtration with

centrifugation as a means of recovering the

[3H]naloxone-receptor complex (Table 1).

There is good agreement between the stereo-

TunE 1

Comparison of cenliifu gal ion tln(l jillralit)fl (lSSa!/S

for specific 3JJJnaloxo,ie binding

Cciii ri fugat ion assay : l� at brai us, ruin us cere-

bella, were homogenized in 10 volumes (w/v)
of St andard Tris buffer. Two-milliliter aliquots
were first incubated at 25#{176}for 5 ruin with either

levorphanol or dext rorphmtn at 100 ml, followed

by a 15-ruin incubation at the same temperature

after the addition of 20 tiM [�11 naloxone. The tissue

was re(’overed by cent rifugat ion at 49,000 X g

for 10 ruin at 4#{176}.The pellet was dissolve(1 iii “N CS”

and counted with toluetie phosphor. Values repre-

sent results for 10 rug of tissue, wet weight.

Stereospecific binding is defined its the binding in

the presence of dextrorphan minus the binding in

the presence of levorphanol. All values are the

mean of triplicate determinations.

Filtaion assay: Hat brains, mninus the t’ere-

bella, were homogenized in 100 volumes (w/v) of

standard Tris buffer. Two-milliliter samples

were then incubated for 5 ruin with cit her levor-

phanol or dextrorphan at 100 nit, followed by

another incubation at 25#{176}f()r 15 ruin after the

addition of 20 nit [‘Hjnaloxone. The samples were

filtered and counted as described in MATERIALS

AND METHODS. Values represent results for 10 rug
of tissue, wet weight. Stereospecific binding is

defined mis t lie binding in the presente of dcx-

trorphan minus the binding in the presence of

levorphanol. .&ll values arc t he mealis of t tip-

licate determinations. The experiment was re-

peated three times. Variance wits less than IY/ in

all triplicate determinations.

Assay [3HJ Naloxone binding

Levor- Dextro- Stereo-
phanol rphan specific

c/nfl c/mi cpm

Cent rifugat ion 2367 4212 iSIS

Filtration 3S3 2437 1884

sp(’cifi(’ [�1-1 Jiial )xt )1I1(’-t’( ‘(‘(‘pt( )1’ binding re-

cover(’(l l)\’tlit’t\\()l)ro(’t’(lur(’s,l)IItthe rmttio

of total binding to th( ‘‘l)lallk’’ value, 01)-

taillt5l l)y m(’mtsuring the binding of [�IE1]_
tittlox )ll(’ ill t he j)i’(’stii(’e of 100 ira

levorphanol, is 2.4 tim(’s greater with filtra-

tion t han wit Ii(‘eltt nifugat ion. Because filtra-

tiotm results iii lower blank values and can be

ac(’t)mj )l ished nit ire rapidly, we have cht �st’n

filtration it5 our standard assay. However,

(‘entnifugation itppearS to be a valid means

of measuring opiate receptor binding.

Previous studies have siiowii that. the

[3H Inaloxone rt’ctivem’ed after binding mi-

grates identically with authentic naloxone OIl

thin-layer chromatography (1). To examine

for subtle changes, [3H Inalox inc’ was bound

to tissue, dissociated, and bound again. The

stereospecific binding of t lie rect )vered radio-
activity wtis 0.139 pmolt’/sample, while a

(‘Out r( )l of nut reated I3H Inaloxone yielded

0.131 pmtmle, sample (both are means of

tripli(’at(’ determinations).

In earlier studies of opiate-receptor bind-

ing, incubations were carried out at 35#{176}(1,

4). Because of the possibility of degradation

of th( receptor complex (luring the pro-

longed incubations needed for enzymatic

treatments, we chose to (‘onduct assays ttt

25#{176}.As had been observed previously at 35#{176},

binding of f3H Inaloxone to brain tissue oc-

curred rapi(lly at 25#{176}and equilibrium was

reached 1.)V 10 ruin. There did tiot appear to

be significant tlt’gradation of the [3H]-

nal( )x( )I ic-receptor complex even when ilicu-

bations were extended to 60 ruin (Fig. 1).
Under these assay conditions, stereospecific

[3H]naloxone binding was linear with tissue

concentration to at least 20 mug of tissue (wet

weight) �‘r 2 ml (Fig. 2).

Because of the prolonged incubations re-

quired for (‘umzviuatic treat imients, we (‘X-

anii ned the thermal stability of t he receptor

by incubating brain tissue for periods up to

� miii at tither 37#{176}or 25#{176}before conducting

the standard assay at 25#{176}(Fig. 3). Although

stereospecifi(’ binding declined at both

temperatures, the (l(’erease at 37#{176}was much

niore 1)�0I1( )un(’(’d. A GO-mm prior incubat ion

at 37#{176}followed by 40 ruin at 25#{176}decreased

binding by almost 50 � , while maintaining

the iioniogenate at 2S#{176}for 100 ruin reduced

binding t)I1l� 19 �;
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Rat brains, miii titus cerebella, were liouiiogelmize(1

in 120 volumes (w/v) of standard Tris buffer.

Two-millilit er aliquot s were first intubat ed at

25#{176}for 10 ruin wit h S mu EI)TA and cit her levor-

phantd or dcxi rorphan at 100 tiut, and theti mcii-

1)ated for the indicated time at 25#{176}in the presence

of 6 IIM [3Hjnaloxone. The samples ��ert� filtered

and counted as described itt MATERiALS AND

METHODS. All values are the means of triplicate

determinations, wit Ii less than � variability.

The experiment was repeated three times.

0
z

� 000 1

�

I- mg WET WEIGHT TISSUE
U)

Fm ;. 2. IAn earity of [�IIJna loxon e but ding with

respect to tissue conceit Iralion

H at brains, ml imiuscerebella, were homogenized

in 50 volumes (w/v) of standard Tris buffer.

Appropriate amounts of homogenate were diluted

t o a fitial volume of 2 ml. The saniples were t hen

incubated for 10 ruin at 25#{176}with S mit EI)TA and
cit her levorphanol or dext rorpliari at 100 rum, and

incubated for atiot her 30 miii at 25#{176}wit Ii 10 JiM

[3H]naloxone. The samples were filtered arid

count ed as described in MATERI ALS AND METIIODS.

All values are the means of triplicate determina-
tions, which varied less than 10� , and are ex-

pressed a.s milligrams of tissue, wet weight, per

2-mI aliquot. The experiment was repeated four
times.
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Fit;. 3. Effect of inc nba/ion at 25#{176}vs. 37#{176}on spe-

(�fic [�11 Inaloxone binding

Rat brains, minus cerebella, were homogenized

inn 120 volunmtes (w/v) of standard Tris buffer.

The homogenate was incubated at the designated
temperature for the indicated time in the absence

(If all drugs. TJnincuhated samples were kept in an
ice-water bath. After the preliminary incubation

without. drugs, 2-nil aliquots of homogenate were
incubated at 25#{176}for 10 rain in the presence of 5

mM EI)TA arid either levorphanol or dextrorphan
at 100 nit, arid the intubat iou was continued for

30 ruin after the addit ion of 6 nut [3Hjnaloxone.

Samples were filtered arid counted as described

iii MATERIALS ANt) METIIt)DS. All values are the

means of triplicate determinuat ions, which varied

less than 6�. The experiment was repeated twice.

Previously we found that 5 mmi calcium

reduced specific [3H Inaloxone binding about

50 � (4). EDTA maximally enhanced spe-

(‘ific [3Hjnaloxone binding 55 % at S mit

concentration and caused a 25 � increase at

2 ni�.3 Accordmgly, S mit EDTA was in-
cluded routinely in most subsequent assays.

A Scatchard j)lot under these conditions de-

fines a straight line, strongly suggesting a

single species of receptor with a dissociation
constant (KD) of 67 iiii and a concentration

of 9 pmoles/g of tissue, wet weight (Fig. 4),

similar to a previously reported value of 30
pmoles/g, wet weight (4).

Influence of’ trypsin and phospholipase C

upen specific [3Hjnaloxone binding in various

.subcellular fractions’ of rat brain. Digestion

with phospholipase C was p’rformed on the

crude nuclear (P1), crude mitochondrial
(P2), and crude microsomal (P3) fractions for

15 mimi at 37#{176},followt.’d by the standard

assay at 25#{176}in the continued presence of the

G. W. Pasternuak arid S. H. Snyder, manuscript
in pn’eparatiori.
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STEREOSPECIFIC 3H-NALOXONE BINDING

XIQ’3 moles

FIG. 4. &atchard plot of [3Hjnaloxone binding

to rat brain homogenates

Rat brains, minus cerebella, were homnogennized

in 100 volumes (w/v) of standard Tris buffer. Two-

milliliter aliquots were first incubated at 25#{176}
for 5 rain with 5 mum E1)TA and levorphanol or

dext rorphanu at 100 ruin, arid t hen inucubat ed at

23#{176}for 30 ruin with the appropriate amounnt of

[�l1 Inaloxone. l3H]Naloxone i)innding is express(’(l
in moles, amid free naloxone iii moles per liter. ‘The

samples were filtered arid counted as described

in MATERIALS ANI) METHOI)S. All values are the

means of triplicate determuinnat ions, wit Ii under

8% variability. The experimennt was repeated
four t imes.

enzyme. No prior incubatiomi with trypsin

was performed, because proteolysis could be

achieved at 25#{176}.Thus trypsin was mcluded

in the standard [3H]mialoxtaie binding assay

at 23#{176}(Table 2). In all three subcellular

fractions trypsin reduced 1)inding about 50 #{182}�

while phospholipase C (leercased binding

about 65 �. Since a significant amount of

binding occurs in all three suhcellular frac-

tions and they are affected by these (‘Ii-

zyrnes to a similar extent, subsequent studies

of the influence of enzymes upon opiate
receptor binding were con(lucted with ho-
mogenates of whole rat brain minus cerebella.

Influence of various amounts of proteolytic

enzymes on specific [3H]naloxone binding.

The influence of trypsin on opiate receptor
binding was examined in several ways. 1mm

one approach, brain homogenate was incu-
bated without EDTA for 30 mm at 25#{176}with

concentrations of trypsin ranging from 0.5 to

30 �g/ml. This treatment. was followed by a
10-ruin incubation at 25#{176}with eith(’r levor-

phanol or dextrorphan at 100 miii, after

TABLE 2

Effects of /r!,psin and phospholipa.se (‘ on stereo-

specific f3lljnaloxone binding of brain subcellular

fractions’

H at bra iris, mi tintscerebella, were h( mogern ized

itt 10 vt)lnmmes (w/v) of 0.32 it sucrose wit liii Teflon

pestle. The homogennat e was cent rifuged at l(XK� X

g for 10 mini, arid the pellet (P1 ) was resuspended in

10 times t he original volume (if st andard Tris

bnnffer. ‘fine snmperniat ant fract ion %�5 t hen teni-

t ri fuged at 20,(XX) X g for 20 mmiini, arid t lie pellet

(P2) was resnnspennded in 10 t imes t lie original

voltmme of st arndard Tris hnrffer. Time supernat ant

fra(’t ion (53) was (lilinted 10 times wit Ii st arndard

Tris buffer. Sinnce t lie assay measures unIv par-

iculat e mat icr arid not soluble receptor, 5) is

lie equivalent of tine crude microsonnal fract itini,

P:I . Aliqnnots of eat’li fraction were treated with

2 �ng/niil of i rypsinn (Intririg the st anidard imn’mnbai ion,

or 150 �ig/ml of phospholipase (‘ for 15 ruin at 37#{176}
before t he si arndard inicnmbat ion, or rio enzvmne

(ronn I rols) . ‘I’lie si anidard inncnmbat It)n consist ed of 5

nun at 25#{176}with 5 mit El )TA ani(l (‘it her levorphanol

or (lext ronplnanu at 1(X) n�, followed by another’ 20

mini after i he addit ion of 10 tiM 3H]naloxone. Time

.�aninples were filtered and (‘oumnuted as (lescribed in

M.�TERnsr.s .SNt) METJrODS. All values are the means

of t ri p1 nate (let ermuinat ionns, which varied less
t hann 9( Values represent tine total recept on hind-

ing inn each sunheellular fract ioni. The experiment
\5.��5 p(’rfonniied twice.

Stereosj )ecific [3H1 naloxone bindi rig

(‘ontrol I’rvpsin treat- Phospholipase
menfl (( con- C t reatment

trol) (( control)

cpuuz X IO� cpni X IO-� c/mn X J(J-4

P 2.19 1. 18(58w ) O.69(.3b

P2 3.59 1.68(47%.) 1.23(34%

53 1.34 0.64(48%) 0.50(37%

\Vhi(’h [3H Inaloxone wis added and the

in(’ubation WaS continued ft)r another 30 miii
(Fig. 5). As little as 0.5 JLg/ml of trvpsin

reduced binding by 40 %�. As the trypsni (‘on-

centrat..ion was in(’reased it appeared to
destroy receptor binding in more than one
phase. Using a sernilogarithmic plot, one

sees a very sensitive l)hase up to 1 �g/ml and
a less sensitive phase between 1 arid 30
�.ig/ml. Almost all receptor binding was

destroyed at 15 j�g �unl.
A similar relationship between trypsin

concemitration and receptor bindmg was ob-
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taiiied in othtr exptrinierits, in which EDTA

(5 num) was included during th( imicubation

with trvpsin as well as (hiriiig the standard
assay. �\ It )r(( )vem’, t )piate m’eept r binding

showed a similar biphasic semisitivity to

trypsin ��iit’ri the (ItS inc was imi(’luded omily

during t h( st amidar(l assay ft r receptor bind-

rug. I;xj)(’m’iiii(mlts inv( lving varyimig dura-

tions of iru(’ul)atiomu indicated that the effects

of trvpsiiu (10 or 20 �g/mnl) omi the opiate

receptor’ were virtually corn j)lete after 5 miii.

‘Irvpsini tn’eated with IPCK to destroy

eliyniotryptic activity gives the same results

as untr’(’ate(l trypsin. Specific 3HJnaloxone
binding was also sensitive to treatment with

a-ciiviiiotm’\j)siIi (Fig. (i). As with trypsin,

tiui (l(gi’a(latioii was biphasic, with a very
s(IlsitiV(’ l)iRts( up to 0..) �g nil and a less

s(IiSiti�’( 1)11)151’ i)t’tw(’t’Il 0,) anl(l 250 /2g/nil.

��Lout So ( loss of bimidirig oc(’um’n’(’dat 0.5

(3
z
0

2

7
0

� 500

I

0

0
Li

0

I-

lu;. 5. Influence of eai��zng (im000ts of tiypsin

o� �P#{176}’.t” [If naloxone bindunq to rat l,,au, ho-

unoqe na/es

l� at bra nnns, mi ruins ieneliella , were honu igemu ized

inn 1(X) vu ilnmnuues (w/v ) ( )f st arndard Tris buffer.

Two-nuuillnlnten alnqunots were inicunbated at 23#{176}

wit Ii the nmndicat ed amonnnnt of t mvpsinn for 30 nuuin.

Annul lien innnnnbat urn wit In S mit El )TA annd cit her

levi irpiiano 1 on nlext rorpliani at 1(X) nnun at 25#{176}

for 10 nn;nn was followed b� a thind at tint same

enuipenat unne for 41) mmmi inn tine pn’snlce of 6 nut

[211 rnalox one. ‘flit’ samples were tilt ered arid

ti unit ed as descnn bed inn ii �,mEam .s n.s AND MErnnom)s.

Snihseq nnennt expernnuienn Is sinowed t hat inn this

svst cmii, perfonnuunrng the t nvlisnrn (ligest ionn inn tlie

pnes’mice of drugs arid El )TA at t he sam�’ tmoe as

i lie bind i mg assay v ields t lie same resunlt s. All

valunes are t Inc mnu(’arns (if triplicate (let ernuiinnat i iris,

which varied less t ham W The experiniemn t was

repeated t lnree t nnnies.

Fin. 6. Influence of varying amounts of chymo-

1//jiSin on [W JO a loxone b ((((liFt g b�j rat brain

homogenates

Rat brains, mni mitts cerebella, were lnonuiogenuized

in 100 volnumnes (w/v) of st anidard Tris buffer.
Two-milliliter aliqimots were treated with the
designated anuiount of enzyme at 250 for 30 mm,
The samples were then inucumbated with 5 mM

El )TA arid cit lien levorphamnol or dcxi rorplnanu at

1(X) nut at 25#{176}for S mini, and then incubated for

3() mini at t he samnc t emiuperat nrc in t Inc iresemice of

6 nut [311]nnaloxonc. The sanuuples were filtered and

counted as (lescmihied inn MATERIALS ANI) METHODS.

All values arc the means (if triplicate deternuiinia-

tionns, which varied less t han 10� . TIne experimiient

was repeated 1 luree times.

�g,. ml. Unlike results t)btaint’d with trypsin,

we did miot observe total loss of binding even

at 250 �g, miii of a-ehymotrypsin. Neither
t.rvpsimi mutir(‘hvni( itrvpsin altered nonspecific

binding at any ct nmicentration (‘X)IiiiiIi(’(l.

Influence 0/ /)/i OS/)/l olipase,s Oil opiate re-

ce/)tOi’ bind iit�,. Sp ‘cific [3H Jimalt )X( )ne l)iniding
was t’xtreni(’ly st’misitive to degradation by
comniercial phospholipast’ A from V. russelli

(Fig. 7). 1�eceptor binding was completely
destroyed by 0.25 /�g/mul of th( enzymnt’, and
half-maximal destruction occurred at. less

than 0.05 �g.ml. Unlike i’esults with
t rypsiri and chyniotrypsin, degradation of

tli(’ I’t’(’eI)tOr i)V h)11(isPhOlipIls(’ A appeared to
be monophasie \Vh(’ii ph it ted semilogarith-

mically. Pht.sphohpases A from three

different sources w ‘r(’ t (st(‘d wit Ii regard to

calcium dependemuee and Stal)ilityto heating

(Table 3). Since crude homogenates were

used, EI)TA was added to the control en-
z�me degradatii >mis to chelat e endog ‘nous

calciuni. All three preparatiom is of phospho-
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Fin. 7. Effect of varying amounts of phospholipase

A on [‘JI]naloxonc binding to rat brain homogenates

Rat brainis, minus cerebella, were hionnogemiized

in 100 volumuues (w/v) of standard Tris buffer anu(l
digested with the stated amitount of untreated cnn-

zyme iii the presenuce of S mum CaCl, at 23#{176}for �3O

mini, Thiemi 2-nil aliquots were incubated for 3 mm
at 25#{176}with 5 mM EI)TA arid either levorphanol
or dextrorphami at 100 miii, followed by a 30-muiin

incubation at 23#{176}in t lie presenice of 10 mm �hl

naloxomie. The samples were filtered and cotnritcd

as described in MATERmALS .SN1) METIi(ii)S. All

values are the means of triplicate determutinat ions,
which varied less than 10% . The eXl)erinuienit was

repeated three times.

lipaS(’ A (‘]icited a marked reduction (if bind-

ing. The action (if all three (‘nzymes was

calcium-dependent and resistant to a 7-ruin
treatment iii a l)oilinig water bath. Lyso-

lecithin decreased binding whemi present
during the assay, hut 100 �g/mrml (0.2 niim)

concent rations were necessary to decr(’as(’
binding 50 %. Oleic acid (0.05 ruin) had no
effect on stereospecific opiate bindimig.

llec(’I)tOr binding was considerably less

sensitive to treatment. with phospholipase (.�

(Fig. 8). As with phospholipase A, the reduc-

tion of binding was monophasic with inicreas-

ing enzyme concentration. Specific [3HJ-
naloxone binding was reduced 40 % by 150
j�g/ml of phospholipase C. Phospholipase 1)
failed to reduce specific receptor binding
significantly at concentrations ranging froiii
1 to 400 �tg/ntl. Xone of the phospholipases
altered nonspecific binding in any (‘on(’(’fl-

tra.tion studied.
Enzymatic treatments wit ic/i (10 not alte,’

opiate receptor binding. Concentrations of

neuraminidase as high as 50 /2g/ml failed to

T.snum.E 3

G(Ilcnum (lependence and effects of heating of

phospholi pase A upon stereos pecific
[:LIfJ,jq/oj�),,i. l)in(ling

FIt(’ii l)bi(sl)ii(ilipasc .k s� huntii inn svas divided

inito t w(i port iiimns,one of which was plated in mm

hauilirig water bath fun’ 7 mini while the (it lien’ was

kept iunn ice. Hot ii port ions were t hen tested wit ii

amid wit hottt S rout cah’itmtn chloride. T(i (‘heist e
emidogenioums (‘alciumn, S mum El )TA was added to

I he t’ah’inmnui-free saniples. Hat brains, minus

(‘creluella, were homnogcniizcd mu 120 volumes (w/v)

(if si anidan’d Tris buffer. Al iqnnot s were I akeni anud

inicnibated at 230 for 30 mini with the appropriate

addit ionns. ‘flue digested samuiples were then cent-

i rifugcd at 49,000 X g for 20 noun inn a Sorvail (‘cmi-

t rifnngc at 40� The stnl.)cn’niat ant fm’act i�imi was dis-

(‘arded, anid t he pellet s were resnmspcnnded in t he

original vnilnnmnc of st amndan’d Tn’is buffer. Two-

iii ill iii t er samples were I hucmi i runt bated at 25#{176}
for � ni inn wit Ii S taut El )TA stud cit her lcvorphianiol

tir dcxi ruirphianu at 1(X) miii. [211 Naloxomne at 10 nut

%Va.S added, ann(I the ini(’imbat ion was (‘omit initie(1 for

snot her 21) mmmi. Samples were filtered arid cumnited

as (lescribed inn it AtEtIt AS AND METtIOtO$. The
valnncs are nuneatis of tripli(’ate detcrmniniat ions,

whui(’h varied less t hann 8�’ . All exl)eriniicnuts were

repeated at least I wice.

A(iditions Stcreospecifnc [�mmJrianoxone
bnnding

I�. russellj Bee C. lerri-
�i pgmi) venom hems tori-

(1 pg ml) hicus 2.5
pg ml)

cpm cpnm rpm

Nomne 1118 1013 1205
Emuzvniie + S mint (‘a(l2 0 0 383
Emnzvniie + S tflM El )TA 1195 826 1250

Boiled enizynnie -f- S mum 0 1) 842
CaCl3

13()il(’demnzvmmue -f-S imuit

El)’fA

alter specific [3HJnah )xone l)inidiIig (l(’spite
th( fact that over 9� % of the reported

membrane-bound sialic acid was released

into the soluble superniatant fluid (Fig. 9)
(7). ilNase amid l)Xase at 100 �g�ml failed
to alter I1Hjniali)Xomie 1)ini(liflg. ‘flit’ sJight de-
creases til )serv( ‘(I wit Ii trypsiniogeni and

chymotrypsinogeni (Table 4) might have
been due to the I)r(’s(’nlc(’ of small amounts of
trypsini and (‘hynnotrvpsin in these l)repara-
tit)nis.
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Fm. 8. Effect of varying amounts of phospho-

lipase C on specific [3Hjnaloxone binding to rat

brain homogenates

Rat brainns, mutinous cerebella, were honuogemi ized

in 100 volinmuies (w/v) tif standard Tris buffer amid

incubated wit hi 1 lie appropriate amount of en-

zynuie for IS mini at 37#{176}.Two-milliliter ahiqinots

were then inicui)atcd with 5 mum EDTA amid either

levuirphamiol or dextrorphamnol at 100 ruin f(ir 3

mini at 25#{176},anud tIme inmmbat iomm was comit inued a.t

23#{176}for 30 mimi after the addition of 6 ruin [3HJ-

naloxomue. The samples were filtered arid t’oumited

as described in MATERIALS AND METHODS. All
values are the nuieanus of triplicate detcrmuiiniationis,

which varied less than 7%. The experimluenit was

repeated three timuics.

Effects (�f ti’ypsin, c/iymotrypsin, phospho-

ii pase (‘, and pliospholipase A upon opiate

receptor b indm�, at various [3H]n aloxone con -

ecu trat#{252}ms. To assess whether enzymatic

tr(’atment would alter the total number of

r(’c(’ptors or their affinity, we measured the
ability of brain homogenates to bimid various

concentrations of [3H]naloxone after treat-
nient with trypsin, chyntotrypsin, phospho-
lipase C (Fig. 10), tir phospholipase A (Fig.
11). Saturation curves were then fitted to a

Scatchard plot by the method of least
squares, and their z(’ro-order correlation co-
efficicmit was determined (Table 5). All
corr(’lation (‘oeflmcients were at least 0.85.
Digestion with trypsin (0.25 �g/nt1 and 2
tg/ml), phospholipase A (0.03 �g/mii1), and

phospholipase C (25 �g/ml) produced little
change in the KD , hut significant decrements

in the total number of receptor sites.

By contrast, receptor binding with in-

Fin. 9. Effect of neuraminidase on 3flJnaloxone

binding and release of sialic acid in tat brain

homogenates

Rat brains, minus cerebella, were homogenized
in 100 volumes (w/v) of standard Tris buffer and
treated wit Ii tIme st a.te(l amount of enzyme at 37#{176}

for IS miiinu. Samples were atialyzed f(ir [3HJnaloxone
binding with a 3-mimi preliminary inicuhat ion at

23#{176}with 5 nun EJ)TA mind either levorphanol or

dextrorphiani at 100 mi� amid a 20-mnini incunbat ion at

23#{176}after the addition tif 6 ruM [3Hlnialoxone. The

samples were filtered amid coumited as described in

unATEmtmALS ANn) METHODS. Portions tif digested

homogenates were centrifuged at 49,500 X g for

45 mimi, amid ant ahiqumtit of t lie supernuat ant fluid was

analyzed for umibounnid similic micid, using the thio-

l)arbittmrate assay of Warren (6). TIme levels of
sialic acid iii undigested homogenates were sub-
tracted fromn valnmes for digested homogenates, to

obtairl the amount of sialic acid released. The
values are the means of triplicate determinations,

which varied less than 8%. The experiment was

repeated twice.

creasing comicent rations of [3H]naloxone in
chymotrypsin-treated brain homogenates

did not reach a plateau as rapidly as did un-
treated homogenates. The KD of the
chymotrypsin-treated sites was 2-fold higher
than the control, while the decrease in the
total number of receptor Sit(’s was very
sniahl.

DISCUSSION

At very low concentrations, t.rypsin and

chymotrypsin markedly reduced opiate re-
ceptor binding, indicating that protein is an

important component of the opiate-receptor

complex. The opiate receptor appears to be

more sensitive to trypsin and chymotrypsin



Effects of DNase, JLVase, trypsinogen, and

chymotrypsinogen on stereos pecijic [‘H]naloxon c

binding

DNase: Rat brains, minus cerebella, were

homogenized in 100 volumes (w/v) of standard

Tris buffer. The incuhat ion wit hi 50 �mg of DNase

per milliliter had 10 mM MgC12, and time incuba-
tion with 100 �sg of I)Nase per mnihhihiter had 20

mM MgC1,. The homogenate was incubated at

37#{176}for 15 mm with time appropriate amount of

enzyme.

RNase: Rat brains, nuinuums cerebella, were

homogenized in 100 volumes of standard Tris

buffer and incubated at 37#{176}for 13 miii with the

appropriate amount of enzyme.

Trypsinogen and chymot rypsiniogenu: Rat
braimus, minus cerebella, were Imomnogenuized in 100

volumes (w/v) of standard Tris buffer, amid the

appropriate amount of enzyme precursor was then

added. Two-milliliter aliquots of all enzymatically

treated tissues were first incubated at 25#{176}for 5
mm with the appropriate amuuounit of enzynuie

precursor, 5 mum El)TA, amid either levorphanol or

dextrorphan at 100 mmii, followed by a 30-mimi inn-

cubation after the addition of tiM [‘H]nmaloxomme

The samples were filtered amid counted as described

ill MATERmALS AND METHODS. TIme values are means
of triplicate deterruuimiat ions, which varied less

than 7% for all valumes. Tue experiment was re-

peated twice.

Addition Concen- Stereospecific
tration [‘Hlnaloxone

binuling

jsg/?nl cpnn

DNase 0 793
50 815

0 1030
100 1073

RNase

Trypsinogenn

Chymotrypsinogen

0 945

100 1060

0 823

10 875

23 778

0 1140

10 1030
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TABLE 4 than the insulimi receptor (8). 1mm (‘ontrast to

the virtually comiipletc degradation (if the

opiat(’ receptor by try psin, t’hynut trypsm

failed to al)ohsh opiate receptor binding

even iii high concemitratiomis. ‘Ihi(’s(’ (lifer-

ences may be related to the action of the
enzymes. Chymnotrypsin seemns to alt(’r the

affinity of the r(’(’(’l)tor with littl(’ t’flect upon

the total number of receptors, while trvpsini
destroys time receptor without altering its

affinity for [3H]naloxonu’. The hiphasie de-
crease in binding shown by both trvpsini and
chiymotrypsin suggests the presence of nimore

than Ofl(’ populatiomi of receptor sites with
varying d( ‘gre(’s of semmsitivity to pn it ‘ dvsis,

PossiblY till a(’c(iunt (if differ(’ne(’s in R(’(’(’SSl-

bility of thio’ (‘tiZViii(’ to thi(’n’(’(’(’pt(ir. Flow-
ever, with crum(l(’systemmus swim as uinn’s, the

imiterpr(’tation of such biphmasic (‘fl(‘(‘ts iS

difficult.
Ree(’pt in’binidinug is al5() V( ‘ry s(’musit 1V(’ to

phospholipase A. Phosphohpase A activity

is stable to boiling at acid pH, while moist

contamimiating enizynn(’s an’(’ not (9). In addi-

tion, phosphtilipas(’ A requires t’alciunui f(ir

activity. Degradationi of binding by all

three pii ispholipas(’ A preparat h iris test ‘d

was relatively resistant to boiling amid showed

complete calcium (h’pend(’nice for both boiled
and flommboil(’d emuzynit’s. Lystdecithimm, a
product of the emizviiiatic (ligestioni, does

inhibit binding, i)ut at high (‘onmc(’nitrationms

(II)�� = 0.2 mm), while til(’ic acid, th(� other
major product, has mmo effect. This suggests

that the effects of phospholipase A are
attributable to its degradationi of a lipid
conij)onenlt of th(’ receptor. The apparent

role of phospholipids in (ipiat(’ receptor bind-
ing is supported by its extreme sensitivity to
detergents such as Triton X-100, sodium

0 707 dodecvl sulfate, and deoxycholate, which

664 . . . (‘

fully abolish hindimig at 0.01 o’ommcenutra-
tions,3 similar to deterg(’nt effects oni another
apparent opiate-hindimig l)rotein (10). These
results suggest that the effects art’ attribut-
able to the degradation of a lipid cornponemit

of the receptor. It is extremely difficult to
differentiate between direct effects on the
receptor complex and indirect, gen(’ral mem-

brane effects. However, the extrt’nmiely low
concemitrat ions of enzymes used and the
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Fit;. 10. .“ualoxone saturation curves for rat brain

homogenates treated ui th tryps in, cit ytnotrypsi n,

and phospinolm pose C

All (ligest i(umns amid assays were pcrf�rnmucd wit ii

rat brains. minus cerebella, hu(mu(ugcmnizcd mu 100

v(ilunies (w/v) of st amndard hnmffcr.

Ijnntm’eat ed sanuiplcs (0 ) : ( )nc mumill il it er if

homuiogennate was first imnrnmbated for 10 mninn with

5 mum E l)TA arid cit her lcvorphannol (ur dext rorphann

at 100 mmii, amid then innctnliated at 2S#{176}for 30 muiinn

aft em’ I he addit iomu of t lie specified amnuounnt of

[‘Hjnaloxi inc.

Trypsimi digest (X, 2�g/nuul; �, 0.25 �g/ml): Onne

nuilliliter (if homogenate was first itncubated with
5 m� EI)TA annd cit hen levi urpliamuul or dext ru urpluan

at 1(X) miii at 25#{176}fur 10 mimi, amid then imicmnhated

for 30 muuini at tIme sammic temuiperature after tIme addi-

ionn of the appr(upniat e amumuutunits of t rvpsimi amid

[3lljnnaloxonic.

Chuvmotrvpsinn digest (ED) : The homuuogemnate

was digested wit In S �g/miil uuf cluynumuutrvpsinn for

30 main at 25#{176}.()nne-mnillilit em al i(lu(ut s were t hen
imucinbat ed inn the prescnnce if S mmiii El )TA amid

either lcvorphamnol uur dext ronphuamm at 1(X) miii at

2S#{176}f(ir5 mint, folluuwed by a 30-muinu imncul)at nun at

25#{176}aft em’the addit ionn (if t lie appropriate amiionnnut (if

[3H}mualoxone. Addit ionial innu’tmhiations, which were

conducted idemut icallv except for omission uuf thue

enzymmues, gave t he same resinlt 5 R5 (‘omit rol innctnlia-

tions (0).

Phuosphiolipase (‘ (�) : The htumumogemnat c ‘��as

digested with 2S �tg/mnl of l)hosPlioliPase C at

37#{176}for 15 maim. (imue-muiilliliter aliquots were first

irnctmbated inn the presenu(’e if S mini El)TA amid

cit lien’ levom’phamuol �ur dext r(urphanu at 1(X) muM at

23#{176}fom’ 5 mimi, amid incubat NI for 30 minn at the

sa.nie t emuiperature after t he addit ii tn (if t he appro-

priat e ammiount of [3lllnnaloxonie. All samnuples wem’e

filtered arid cuuumitcd as described in inATERmALS

AND ulE’rnons. All valtmes are the umleanns of triphi-

cat e (leternuimnat ions, which varied less t Iiann 7(�

11TT��T

I I �.L L_��I�

2 4 6 8 10 2 14 6 8 2

L3H-NAL0X0NE� x

lIrn. 11. _\ alo.rt)ne sat itrat ion� curves for rat brain

i(onnogeF(ates treate(l with phospholipa_me A

Hmit hrainus, minuus cerebella, were hmomuogemuized

inn 6() vtiltmmumes (w/v) of st anndard Tris buffer wit hi
3 mn� (�aCl2 . Half of the h(imn(ugenate (�) was
digested at 2S#{176}fuur 30 mini with 0.03 ��g/nul of phos-

phuulipase A from V. russelli and themu (‘elitrifuged
at 49,000 X g for 20 mini. The other half (0) was
imu(’umbate(l at 23#{176}for 30 numimi with mio enizvmne arid

uenut rifumgcd at 49,(XX) X g fur 20 mimi. The pellets
were resnmspemmded inn t wi(’e the original volume of

st anndard Tris buffer. Fw(u-nulillihit er ahiquots (if

lie tuna reated arid the plmuuspholipase A-treated

Iuuumogetuates were incubated at 23#{176}for 5 muiimi with

S mmiii El )TA amid cit her levorphuanol uurdextrorphami

at 100 miii, arid the inn(’ubat i(umn was (-(unit immured for

20 main after t lie addit ion of the appropriate

am(ulunnt of [11 Jnualoxomue. All samples were filtered

arid (‘((umnuted as descrihied in MATERnALS AND

METHODS. All vahunes arc the nuieamis of triplicate

determuinuat iuumns, which varied less than 8% . The

expcrmnuienut was repeated three t imues.

totally reversible imihibititimu of bindimig by

very l( iiv (‘o )mm(’emit ratiomms of detergents and

organic solvents3 favor a specific effect.

Phospholipase (1 fromui C. welchii was con-

siderahlv less a(’tive than phos�holipase A.
�inio’t’ this enzyniie has mitit bt’en extensively

l)urifi(’cl, it is possibl(’ that contaminating
(‘nzvnles miia� play a role in its actions.

Pliospholipase 1) had no (‘feet on rec(’ptOr

bimiding. Tht’s(’ results suggest that the polar

mtiieties of phospholipids, which are affected
selectiv(’lv by phosphloliPas’s C amid D, may
not� 1)(’ require(l for binding. The failure of
mmeuramini(lase to alter binding implies that
sialic acid r(’sidUes ar(’ miot essential for [3H]-
nial( ixomie bimidimig. I) NaSe arid liXase were

All experimuiennts were performued at least twice.

.&ddit ionmal inictubat iomns, which were conducted

identically except for (innissiomi of enizymues, gave

hue smuiue results as comit ml imncubat ions (0).



C had muegligible efit’cts. Their failure to

(lete(’t mini (if1(i(�t with l)hO�Ph(ilil)ase A, in

contrast to the profound reduetiomu mi bindinig

we observed, ma relate to tlueir j)oSsil)le

omissioni of (‘alciunu, which is required for

phosph(ihpas(’ A activity.

.�(‘KNO\VLEl)GilENTS

The atnt hum’s gnat eftmllv t hiannk I )n’s. Pe(Irui

Cuat rccasas, I )u unualit ( ‘ 0ev, 1 mn(lu Par’i khu, amid

St even M arch for’ t hei n hel 1)111 d msruussiu inns arid

stuggest ii inns, amid 1 )n. Alann ( u uhlben’g ti n tmieasunn’imug

cholinnc levels.

IlEl”EIIEN(’ES

None

Trypsin (0.25

��g/ml)

Trypsinu (2.0

�tg/ml)

Phospholipase C

Chymuot rypsini

None

Phospholipase A

also without effect. Iii
nuclei exhibited no stereospecifie

while the separat(’d debris fromu crude nuclear

pellets did show’ stereospecific opiate
binding.3

Simon et al. (2) reported that high con-

centrations of t.rypsin reduced stereospecific

[3H]etorphine bindimig to rat brain homoge-

nates 80-90 %, while phosphohipases A anid
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T.umuLE 5

Effects of enzyme Ofl apparent n iiiiiber iif binding
sites in rat brain htinnogenates and their affinit!/

for opiates

The l’ll]mialoxomie saturat ionu curves presented

mi Figs. 10 amid 11 were fitted to a Scatchard plot,

using a least-squares linear regression analysis

(program code 15.07) inn atm Olivetti Umiderwood

Programma 101. The KD was calculated from thie

slope, amud the maximal [‘H]nialoxonue binding from

the slope amid the y inutercept. l)atmt mire presented

as the maximal [‘H]nnaloxonue binding in 10 mug of

tissue, wet weight. A zero-order correlation coef-

ficienit was also determi tied.

Treatment Correla- KD Maximal
tion co- [‘H)naloxone
efficient binding

__________ - 1. Pert , (‘. 13. & Snnvder, S. II. (1973 Sizenre,

X !0�.if X nO” n;noles 179, 1011 1014.

0.96 4.6 2. Sltui(unn, E. , Ilillen’, .J. & l’delmun:unn, 1. (1973)

Proc. .VaI!. .41(11!. ,Scj, ( . S. .1 , 70, 1947

0.88 3.7 6.5 1949.

3. ( �(ld5teI , A., l,uuwnnev, L. I. & Pal, 13. K.

0.87 4.7 4.8 (1971 (Proc. Vat!. .4cad. Set., I ‘. 5. .1.. 68,

0.88 3.3 4.8 li42 lt4i.
0.95 9.2 8.4 4. Pert , ( ‘. 13. & Snnv(len’, S. II. (1973) Proc. .\ (It!.

Acad. Sri. (‘. S. ..1., 70, 2243 2247.

0.85 6.8 7.4 5. Ktmhar, M. .J., Pent, C. 13. & Smnvden, 5. 11.

0.97 5.5 4.5 (197:fl Vat ire. 21�, 147 450.
____________ ______________________ 6. Warren , L. (1939) .1. llitd. (‘he,,,., 231, 1971
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