T YT EIPUTATY TR AN, e T o s - b R |
y - 4 - 4 “ £

'

\
’ i > . ’

- \\' i R
'BIOCHEMICAL AND PHARMACOLOGICAL STUDIES OF THE HEPATIC

. » ALPHA1-ADRENERGIC RECEPTOR

o«
N\

ﬂby )

Liouben E. (Tchakarov

b S L4
A thésis submitted to the

Faculty of Graduate Studies and Research

in‘partial fdullfillmeﬁt of the requirements f . ’ v

_ for the degree of” . , ‘ 1

Doctor of Philosophy

©

. ~
£ .

.

oy

Department of Pham'acalogy and Therapeutics

Natressm————— st

McGill University . -

\ Mont(a_al, Canada

\
\

- March, 1988




-

‘e

Some of the work in this thesis has been published.

'
- A
X s e

Kunos, G:, Hirata, F., Ishac, E.j.N.,chhqkarov, L. (i984) Timeiaependent

conversion of ai1— to B-adrenoceptor-mediated glycogenolysis in i;g}ated
}at liver cells:“role of membrane phospﬁolipase A2. Proc. Natl. Acad.

Sci. USA 81 6178-6182.

Kunos, G., Tchakarov, L., Ishac, E.J.N., Kan !7H. (1985) Hepatic ai-
agrenergid receptors: Strugture and heterologous regulation. In: Adrenar-
gic receptors: Molecular properties and therapsutic implicatiaws, gds.
Lefkowitz R.J., Lidenlaub E., F.K. Schattauyer Verlag iStuttgart - NY), p.

o

105-127.

..
4

\m v

¢ &

/‘j



TRACT .

1

The structure and the regulation of ghe hepatic ai—adrenergic

of the adrenergic activation.of giycogen phosphorylase from an
\B-adrenoceptor—mediated event. This change is associate\ ith nojchange
in the glycogenolytic response to vasopressin and a reéduction of the
glycpogenolytic response to glucagon. The time-dependent shift in the
adreherggc control of glycogenolysis does not influence the density or
the affinity of [3H]prazosin—labeled a1-receptofs and [3H]CGP-121T77-~-
labeled B-receptors. THe change in the adrenergic control of glycogeno-
lysis 1s reversed by a 30-min incubation with 50 nM lipomodulin, whereas
in freshly isolated cells lipomodulin doesn’t affect the predominant ‘
a-receptor raesponse. Conversely, exposure of freshly isolated cells to a
monoclonal antibody to lipomodulin in the presence‘of'10 HM phén91— i;
aéphrine, or to 2 ug/ml mellitin, results in a shift in the adrenergic
control of glycogenolysis from a1~ to B~-type within 30 min. It is
proposed that coupling of hepatic ai— and B-adrenoceptors to poétreceptor
pathways 1s regulated in an inverse reciprocal manner b} ehanges in

e

membrane phospholipase Az activity.
The mechanism of activation of the Ca2+-linked feceptors for vaso-

pressin and adrenaline was studied in isolated liver cell§f/§equential
treatment of cells with 10-7M vasopressin and 1 mM of bifunctional
cross—linker disuccinimidyl suberate (DSS), followed by washout of the
drugs, -doesn’t inf}uénce the dissociation of vasopressin from its recep-
tor, but results in permanent activation of glycogen phasphorylase.
Similarly, when the cells are stimulated wgih 10-5M adrenaline and
treated with DSS, glycggan phosphorylase 1s permanently activated. It is
proposed that'agonist activation of vasopressin or ai-adrenergic recep-
tors involves the microaggregation of receptors or their coupling to
other membrane proteins. /

) We have attempted to isolate the fragment of the active center of ’ .
« the ai-adrenergic receptor, which binds [3H]phen6xybénzam;ne ([3H]POB).



The ﬁ1 ~adrenergic recepter was labeled with [®H]POB in rat livep plas-
m{membranes, solubilized and partially purified by gel filtration and

wheat germ agglutin‘in chromatography. The partially purified ai- receptor (f .

was]iigested with ttypsin and the [3H]POB-labeled proteolytic fragment
purified by RP—HPLC and GP-HPLC. We were unable to isolate, by this ap~
proach, a fragment that could be sequenced. , v
A hovel irreversible antaéoﬁist for the ai-adrenergic receetors,
vI-phenoxybenzamine (I-POB) have been synthesized and pharmacologically
’ characterized We have shown that I-POB binds to the ai —adrenergic recep— .
tor in rat liver plasma membranewith high affinity (Ky = 2 nM), in- N
hibits the activation of glycogen.phosphorylase in isclated hepatocytes
(ICso = 1 nM) and causes prolongéd and selective blockade of the rat yas—-
cular a —adrenergic receptors. . Y ’
Polyclanal antibodies against the rat liver- ai-adrenergic receptor
have been developed in rabbits. The antibodies interfared with the ai-
adrenergic but not the vasopressin-induced activation of glyc&en phos- :
phorylase in isolated hepatocytes and bound to tHe 80,000-dal;gn form of

,the SDS—PAGE-purified ,rat liver ai-adrenergic receptor. ' -
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f - » RESUME :
s .
Lors de ce ’travailﬁde thede nous nous sommes intéressés a 1’étude
de la structure et de la régulation du récepteur ai-adrénergique en

utilisant comme modéle d'étude des hépatocytes isolés du foie.
Sur ce type de préparation, un changement de 1”activation a1—adré-

nergique de la glycogéne phosphorylase en une activation B-adrénergique a

été observéd, suite & 1'incubation de ces cellules durant 4 heures dans un

<
milieu Krebs-Henselett ne contenant pas de sérum. Ce changement a1 —> B

est accompagné d’une réduction*de la réponse gl’ycogénolytique au glu-

cagon, tandis que la réponse a -la vaso—pressine reste inchangée et que la

densité ec l’affinité des récepteurs ai- (marqués a la [3H]prazosine) et
B-adrénedgiques {marqués & la [3H]CGP-12177) ne sont pas affectées non
plus. Par ailleurs ce changement a1— —=> B est inversé aprés 1ncubation
durant 30 min avec de 1la lipomoduline (50 nM). Bien que ce composé
'n’affecte pas la réponse due & l'activation des récepteurs ai-adréner-
glques, normalement prédominante dans les hépatocytes fraichement isolés,
l’incuba_tion de ce type de cellules avec un anticorps monoclonal dirigé
contt:e la lipomoduline- et en présence de phénylephrine (10 pM) ou de mel-
litine (2 pg/ml) produit, au bout de 30 min, le changement ai- '-—-> B.
Ces résultats suggérent que des changements d’activité de la phospho-
lipase Az membranaire influencent, de facgon réciproque, le couplage des
récepteurs hépatiques ai- et B & leurs effecteurs correspondants. '
L’'étude du mécanisme d'activation de deux récepteurs couplés au
Ca2+ - les récepteurs:a lawvaso—-pressine et & l’adrénaline — a également
été réaliséd. Le traitement d'hépatocytes avec de la vaso-pressine (10-7M)

"et d'un agent de couplage bifonctionnel, le disucciminidyl subérate (DSS,

1mM), n’affecte pas la dissociation de la vaso-pressine avec son ré—
cepteur, mals produit néamoins un:a activation permanente de la glycogéne
phosphorylase. De méme, 1'incubation d’hépatocytes avec depl’adrénaline
(10-5M) et du DSS résulte en une activation permanente de la glycogeéne
phosphorylase. Ces résultats suggarent que 1’activation de chacun des ré-
cepteurs par leur hormone respective conduit & une microaggrégation de
ces récepteurs ou & leur couplage 3 d’autres protéines membranaires.
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séquenté.

¢ .

Nous avons également tenté d’'isoler, & partir de membranes plas-
miques de foies de'rats, le fragment du centre actif du récepteur a1- e «
adrénergique auquel se lie la [3H]phénoxybenzamine (POB). Le récepteur &
été marqué 2 la [3H]POB, solubilisé et partiellement purifié A l'aide de
techniques de filtration sur gel et de chromatqgraphie a4 la:lectine de
germe de blé. Aprés une digestion 4 la trypsine, le fragment du ré-
cepteur, marqué par la [3H}POB, a-été purifié par chromatographie en
phase inversée et chromatographie HE perméation sur gel. Toutefois cette
approche'qp nou; a pas permis d’isoler un fragment qui aurait pu étre
Y

Nos travaux nous ont également conduit & synthétisen et & caracté-
riser phérmacologiquement un- houvau marqueur itréversible des récepteurs . |
ai—-adrénergiques, 1l’iodo-phénoxybenzamine (I-POB): Nous avons montré que
1’I-POB se lie -par un mécanisme & haute affinité (Ki = 2 nM) au récepteur
ai-adrénergique des membranes plasmiques isof¥es A partir de foies de §
rats, qu’il inhibe 1l'activation ai—adrénergique de la glycogéne phos— |
phorylase dans des hépatocytes isolés (IDso 1 nM) et qu'il bloque 5
sélectivement et a long terme les récepteurs ai vasculaires du rat. \

Nous avons également développé, chez le lapin, des anticorps poiy-
clonaux contre le récepteur ai—adrénergique Qe foies de rats. L'ub?li—
sation de ces anticorps nouy ont montré qu’ils interfarent avec 1l’acti-
vation as-adrénergique, majs non avec celle due & la vaso-pressine, et
qu’ils se lient au récepteur aj-adrénergique (P.M. 80 000 daltons)
purifié par électrophorése sur gel polyacrylamide. |
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{ STRUCTURE AND FUNCTiON OF THE Ca2*-LINKED HORMONES

IN THE LIVER

1.1 METABOLIC EFFECTS OF Ca2+-LINKED HORMONES ON THE LIVER

The liver is the place where the main stocks of glycogen are kept,
and by th}s fact it plays a key role in the organism’s carbohydrate meta-
bolismi It is the target organ for the action of the hormones insulin and
glucagon, which are involved in the maintenance of glucose levels in the
blood. Under stress, adrenaline, secreteg by the adrenal medulla, and nor-
adrenaline, released by the sympathetic nerves innervating the liﬁgr take
over the control and adapt the liver metabolism to the anticipated "fight
or flight" situation. They increase the rate of glycogenolysis and gluco-
neogenesis, and decrease the synthesis of glycogen, which results in an
" increased release of glucose in the blood. This, togethe? with the in-
creased levels of free fatty acids in the plood (resulting from incraased&
lipolysis in adipose tissue), provide the ofganism with readily available
enaergy substrates. The hypertensive peptide*?ormones vasqprassin (saecreted
by the posterior hypophysis), and angiotensiﬁ'IIf(formad through the ac-—
tion of renin), have similar effects on liver carbothrate metabolism
(Guyton, 1986). All these hormones produce their effects through their
respective membrane receptors on thevsurface of the hepatocyte. Y

The hepatic effects of catecholamines are produced through two dif:
ferent types of receptors (Ahlquist, 1948) - a and B. The net result of
their activation is the same - stimulation of the liver°glycogen phospho-
rylase, the rate-limiting step in the degradation of glycogen, but the

mechanisms they activate are very different. The B-adrenergic receptor,



C

&o

similarly to the glucagon receptqr, activates the cell membrane aden;late
“ cyclase, which results in an increase in the intracellular levels of cAMP
(Ssutherland & Rall, 1960; Rall, 1972), whereas activation of the a-adre-
nergic receptor (a1 subtype in the liver; Hoffman et al., 1980), Fhe vaso-
{/’/bressin receptor (Vi~-subtype in the liver; Michell et al., 1979) and the
angiotensin II receptor are not linked to such a mechanism. It was first
proposed in 1977 that the activation of these receptors triggers a dif-
ferent second messenger system that involves a rise in intracellular Ca2*
([ca2+]s). The hypothesis was based on three lines of evidence: 1. It was
found that the enzyme phosphorylase kinase (responsible for the activation
of glycogen phospﬁorylase), is stimulated iIn vitro by [Ca2*]i ;oncentra-
tions similar to those existing in vivo. 2. This group of hormones was
producing a change in calcium flux;s and a redistribution of [Ca2+]js.

/?. Tpa action of these hormones was mimicked by A23187, a Ca2+-ionophore
(Assimacopoulos-Jeannet et al., 1977; Keppens et al., 1977; Van de Werde
et al., 1977). Subsequent studies, by demonstrating directly an increase
in [Ca2+]s in the second; following the administration of afadrenergic
agonists, vasopressin and angiotensin II, provided further support for
this hypothesis (Charest et al., 1983; Berthon et al., 1984).

The increase in free cytosolic Ca?* leads tuza/ggzﬁ?&tion of the
four Ca2+-binding sites of calmodulin. The Ca2+-calmodulin complex is an
important modulator of the activity of glycogen phosphorylase kinase and
is able to activate, independently of cAMP levels, the glycogen phospho-
rylase (van den Heede et al., 1979). The same Ca2*-calmodulin complex in-
hibits, by a similar mechanism, the activity of glycogen synthase_ﬁPaiﬁe &

Soderling, 1980). The Ca2+-linked hormones also inhibit glycolysis at two
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different levels: by decreasing the activity of phosphofructokinase
(Riphards & Ueda, j982) as well as the activity of pyruvate kinase (Hers &
Hue, 1983). The increase in hepatic gluconeogenesis by the Ca2+-linked
hormones 1is due to stlmulaticn of fructose 1,6-diphosphatase and mito—
chondrial pyruvate carboxy{iigyzéhd to inhibition of the pyruvate kinase
(Hers & Hue, 1883). . ‘
ai—-Adrenergic stimulation in the liver. produces many other effects,

namely alteration of K+ fluxes, increase in respiration, amino acid

transport and ureagenesis, anJ inhibition of lipogenesis (Exton, 1981).

1.2 MECHANISM OF Ca2* MOBILIZATION IN THE HEPATOCYTE

From a basic level of 160 - 200 nM, the adrenergic agonists an& the

hypertensive peptide ‘hormones incréase thébcytosdlic Ca2+ to about 800 nM.
The rise in [Ca2+]i is rapid (< 1 sec, maximum at § sec for noradre- -
naline), and sustained (>20 min) (Berthon et al., 1984; Joseph et al.,
1985). The response is combosed of two phases. There is an/initial large
transient phase, followed by a much smaller sustained phase. Removal -of
extracellular Ca2+ doesn’t alter the first phase, but abolishes the second
(DeWitt & Putney, 1983, 1984; Joseph et al., 1985). /Lhis means that the
Ca2+-linked hormone; alter the intracellular Ca2* homeostasis by a dual
mechanism: rapid release of Ca2*+ from a hO(mone-éensitivg intracellular
pool: and increase in Ca?* influx through the plqsma membrane.

The origin and regulation of the hormone-—sensitive intracellular
Ca2* pool have been subjects of debate. There are two organelles, that

could be possible sources of calcium: %the mitochondria and th‘rough an—-

doplasmic reticulum. The size of their Ca2' content is similar. Estimates

- rl
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of the Ca2* content of the endoplasmic reticulum +ange from 0.9 nmol/mg
protein (Murphy et al., 1980) to 5§ nmol/mg protein (Somlyo et al., 1985),
i.e. 5 to 30% of the total cell Ca?* in the hepatocyte. The mitochoné?ial

Ca2+ content has been estimated to be 5 nmol/mg protein (Murphy et al.,

*1980), although a more recent study suggests a lower level, accounting for ¢

for only 5% of-the total cellular Ca2* (Somlyo, 1985). Both organelles

possess energy-dependent Ca2+-uptake systems but, ihportantly, it has been_
shown that the Ca2+t-uptake system of the endoplasmic reticulum has a much
lower Kp (0.1 - 0.3 uM) for Ca2* (Famulski & Carafoli, 1982), thga the
mitochondrial Koc(1 - 10 uM) (Akerman & Nichols, 1983). Several studies
have produced evidence that hormone-induced Caz*’release occurs from a
microsomal fraction of the ro.ugh endoplasmic reticulum, rathe;- than from
the mitochondria. In experiments with saponiﬁ-permeabilized hepatocytes,'
Joseph at al. (1984) have shown that, at micromolar [Ca2+]i concentration
and in conditions when only the mitochondrial pool was saturated‘withl

* -
Ca2+, stimulation of permeabilized hepatocytes wlth inositol (1,4,5)tris-

phosphate (IP3) was not able to release Caz*.~0n the other .hand, it was

found that IP3 releases Ca2?*, accumulated in the presence of ATP, by a
subcellular fraction, enriched with enzyme markers for the endoplasmic
reticuluﬁ,<and the amount of released Ca2+ was not affected by mito-
chondrial inhibitors (Dawson & Irvine, 1984). Experiments with saponin-
permeabilized hepatocytas have alsé ind{catedthat at physiolpgical levals
of [Ca2+]i, the endaplasmic reticulum acts as the mgin hormone-sensitive
Ca?+ pool (Burgess et al., 1983).} One of thp most Z:vincing arguments in’
favor of the endoplasmic reticulum comes from thé studies of Spidt et al.

(1986), which have demonstrated that IPs releases Ca2* from the endo-

/ —
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“ing sites for IPs in the endoplasmic reticulum (with Kp’s of 8 nM and

plasmic reticulum, but not from the mitochondria, and the existence of a

saturable réceptqr or IPs on the endoplasmic reticulum of hepatocytes.

The microsoﬁ;l fra!gion of the endoplasmic reticulumtlimplifated ln the .
first phase of the [Ca2+l: rise, is not yet well chargﬁﬁerized, and it is

still unclear how many Ca?+ pools are affected by IPs. Therq?hre two bind-

0.16 uM; Spdt et al., 1986), and it is net known which one is the physio-
logical recepto;, since their affinity doesn’t correspond to the ECso of
IP3. for Ca2* release (100 - 200 nM in permeabilized hepatocytes; Joseph et
al., 1984). On the other hand,nTaylor & Putney (1985) have shown that IPs
is able to release only one third of the non-mitochondrial Ca?* pool.
whereas Muellem et al. (1985) have demonstrated that after a first stimu-
lagion with IP3, which results in rgpid uptake of the released Ca?+ back
in the pool, a second stimulation witﬁ IP3 was not able to release it
again. Ail these findings have led to speculations about the existence of
IPs-sensitive and IP3-insensitive Ca2* pools in the endoplasmic reticulum

(Muellem et al., 1985). The process by which IPs releases Ca2+ is also un-

/7 clear. The release gf Ca2+ by IPs requires GTP, and the nucleotide has to

be hydrolyzed, because the effect df GTP (which is able to gplease by it-

self a small amount of Ca2+), 1s antagonized bZSGDP’ and 1s not mimicked

by non-hydrolysable analogs of GTP (Dawson, 1985; Dawson et al. ;986). The

same investigators have found a GTP-dependent phospho}ylatiop of two pro—. v
teins with M4 38,000 and {7,000 daltons from the microsomal fraction.

Since the effect of GTP on the IP3-mediated Ca2* release was also depend- »

ent on the presence of the fusogen polyethylene glycol, which enhances the

b§nding of the 38,000-dalton protein to the microsomal membrane, they have

/”/J‘\\\\\\ |
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.proposed that the binding of this protein, after a GTP-dependent phospho-

rylation, is necessary for the process. J

The second, more sustained phase of 'the-[CaZ*]i increase seems to be
mglntained thrbugh an opening of Ca2* channelg‘in the plasma membrane by
the Ca2+-1inked hormones -(Mauger et al., 1984), and ;nhibition of the
plasma membrane Ca2*/My2+-ATPase (Prpic et al., 1984).

In shmmary, the presgntly accepted mechanism of hormonal Ca2* mobi-
lization in the hepatocyte is the following: activation of ;brmone recep—
tors leads to a release from the plasma membrane of IP3, wﬁich liberates
Ca2+ from the endoplasmi¢ reticulum, responsible for the first, rapid rise
in the [Ca2*]i. The sustained second phase of the response is maintaingd
by an increase in Ca2* influx through the plasma membrane. The [Ca2+]i in-
crease 1s limited by mitochondrial uptake, ghere the increase in the con-
centration of Caz*‘in the matrix is thought to play a role in the increase

P

in respiration and the decrease in glycolysis, produced by the Ca2+*-de-

pendent hormones (Burgess, 1987).

£

1.3 ELEMENTS QE THE MECHANISM OF TRANSMEMBRANE SIGNALING

24—~ RMONES ¢

1,3.1 Membrane receptors, Nona of the Ca2+-linked receptors in

PA
£

* the mammalian liver has been cloned and sequenced yet, and little is knowa

about their structure and membrane topography. The presently available

data about the structure of the ar-adrenergic receptor, which is in the

main line of interest of this thesis, will be reviewed in the next sec-

tion. Thé vasopressin Vi receptor and the angiotensin II receptor struc-

ture will be mentioned briefly. -
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1.3.1.1 ai~-Adrenergic receptor. The molecular weight -

o (M) of the rat liver ai—-adrenergic receptor has been investigated by
three approacggs: 1) hydrodynamlc methods (gel filtration and sucrose
gradient centrifugation), 2)‘sodium dodecylsylfate polyacrylamide gel
giectrophoresis (SbS-PAGE), and 3) radiation inactivation (targe{ size) -
analysis. The hydrodynamic methods, although appthd under non—redacing
conditions, require the solubilization of the receptor. with detergents and
have yielded controversial results. Using gel filtratipn §nd sedimgntation

i analysis, Grahaﬁ et al. (1982) have found that_the digitonin-solubilized
receptor has a Stokeshradius of 49.4 A (corresponding to a M~ in the range

137,000 - ;gs,ooo daltons), in contrast with the data of Meler et al.,

(1984) who %ound, also for digitonin-solubilized rqcéptors, & much bigger

Stokesirad;qf -68 A (M = }51,000 daltons). Data for the Stokes radius of

the detergent-receptor complex, obtained after solubilization with non-

ionic detergents, also indicate the presence of a high m.w. complex

(Guellaen et al. 1979, 57 A; Kunos et al. 1983, 60 A).-Re§u1ts obtained by

th;§ approach are not very accurate,.because it‘is difficult to estimate
the homoééneity bf the solubilized protein and the exact amount of defer-
gent participating in the complex. Such. high m.w. complexes might also in-
clud;'bther membrane proteins (Bojanic & ﬁain, 1986:7F1tzgerald et al.,
1986). The SDS-PAGE analysis usually yiefékxmore reliable results, due to
the use of standardized detergent and electrophoretic conditions. The in-
terpretation o6f the results from the early studies (1979 - 1982) has beeﬁ
complicated by the sensitivit} of the receptor protein to proteolysis
dur;ng gu‘rification (Kunos, 1984; Homcy and Graham, 1985). Guellaen et

al., (1982),’ in a study where .no protease inhibitors w‘re used, reported a



(Kunos, 19
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subunit m.w. of 45,000 daltons; whereag Graham et al. (1§82) foupd a mw.

]
.

of 59,000 daltons. Later on, Kunos et al. (1983) using several protease

inhibitors throughout the purification procedure, identifi}d a major N
{
80, OOO-daiton band, as well as‘a minor 58,000-dalton band, and demon-~

) strated that the presence of the highery‘ln w. peak depends on the use of

the inhibitors. ger studies (Venter et al. ;, 1984;. Leeb—Lundberg et al.,

1984; Seidman et &7., 1984) corroborated these findings. Interestingly,

SDS-PAGE of the rat liver ai—adrenergic receptor yields consistently more .

than one s,pecifically labeled peptides, despite the rigorous purification

© procedures. Therefore, it was a matter of dabate whether the lower mole-

cular weight peptide, which also has ligand-binding capacity, is a product

of p"roteolxs&iiﬁ:r whether it is a native form of the liver ai-receptor
84 mcy & Kraham, 1985). The first possibility was inves~

tigated by Le@p-Lundberg et al. (1984), who studied the effect of dif-

inhibitors (soybean trypsin in.hibitor, bacitracin, leupep—

tin,, phenylmethylsulfonyl fluoride and ethylenediamine tetracetate (EDTA)

. on the labeling pattern of the a1-adrenergic receptor from different ‘

tissues. They found that. EDTA was the most efficient protease inhibitor, .
whose presence ' decreased the propoftion of the lower m.w. peptides, and
conclugéd that an unidentified metallodroteaee was responsible for this

effect. A similar conclusion was also reached by Venter et al. (1984).

,Endogenous proteolysis has also been implicated in the heterogeneity of

/
the labeling pattern of the liver B-adrenergic receptor (Benovic et al.,
1983). SDS-PAGE analysis is indicative mainly of the M of the receptor
subunits, due to the fact that the disulfide bonds in the protein are

reduced. The unique. advantage of the third approach, radiation inactiva-

= wu
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tion analysis, is 'that\ it studiés the .recepto} in its natural environment,
o it is not dependent on t:he purity of the sample, and it makes it possible
to ‘dektermihe the sizé of the functional unit for several receptor as- f/
' sociated1 functic;ns (Harmon et al., 1980). The method has been used by
. several groups for the determiZation of. the M of \the native a1 —adrenergic
receptor Fcr' the rat liver, the data obtained by Venter et al. (1984) in=
- dicate an M- of 160,000 daltons, and sifice the amount of irradiation )
panalleled the loss of the 85,000-dalton subunit of the cheptor,jthey
g proposed 'that:: the n;tive receptor 1is a dimer of two 85,000-dalton pep—
ti&es. The cu-recepj:or in i:heﬂ rat mesenteric artery also seems t".o be a
dimer (M- = 12‘;'4,069<“da1tons'; Agraﬁal et al., 1988))*, whereas in th‘e Cag\
%cortex the receptor 1is probably a monomer (M = 85,000 or less; LUbbecke
et al., 1983; Rank et al., 1985; Mogilnicka & Nielsen, 1986). So far, the
onl} functional characteristic assessed after radiation inactivatiah of -
the receptor has been ligénd binding, and there have been no attempts to.
study the fdnctlonal size of the agonist—activated form of the receptor.
Despite the progress in the development of affinity chromatographic
—~ Methods for the purification of the ai-adrenergic receptor, and the‘
“purification of the hormone-binding subunit of the receptor (Graham ot _
al., 1982; Lomasney at al., 1986), there is still insufficient data about
the structure of the receptor and its topography in the plasma membrane A
study using immobilized adrenaline have found that the ligand-binding site
bf the réceptor is exposed to the extracellllar space (Dehaye et al., !
'*198Q). In a sthgy of the peptides, generated by limited proteolysis qf the .

a1-receptor from rat liver membranes, Venter et al. (1984) have found that

" digestion with trypsin, chymotrypsin and papain produce peptideséf

0



62,000, 46,000, 40,000, 27,000, 23,000 and 18,000 daltons. The digestion .
of membrane—bound receptor with chymotrypsin yields water—'éoluble peptides
with M 45,000, 40, 000 ‘27, 000, 23 000 and 18,000 daltons, all of which
confain the ligand-binding site and p}otrude from the the plasma membrane
into the ‘ext(racellular space. It was proposed that the ai-adrenergic re-
ceptor has two'main parts: an extracellular domain, 45,000 daltons, and a
40,000-daltons domain, part memb’rane 22,000 daltons), part cytoplasmic‘
(1J6.000 daltons). The ligand-binding site is contained in a 18, 000-dalton
part of the extracellular 45Wn domain. The a1—adren§rgic réceptor

is a sialyated glycoprotein (Meler et al., 1984).

1.3.1,2 Vasopressin Vi receptor. The M- "of the hormone—
binii\g subunit-of the vasopres;sin V1 receptor from rat liver was found t?
ke 68, 000 daltons by SDS-PAGE (Fishman et al., 1987) but radiation inac-
tivation analysis indicates a higher value - 77 000 diltons (Crause et-
al., 1984). Hydrodynamic measurements of the m.w. of the detsrgent-
solubilized receptor indicate a complex with M- = 258,000 daltons (Bojanic

& 'Fain, 1986), which also contains tightly bound GTPF-binding protein

[

(Fitzgeraid et\al., 1986).
ﬂ 1.3.1.3 Angjotensin II receptor. The M- of the hormorne-
binding subunit of rat liver an;;iotensin II receptor has been estimated at
84 - 68 000 daltons by SDS—PAGE, following cross—linking with radiolabeled
anglotensin II (Sen &t al., 1983; Guillemette et al., 1984; 1986). Deteng;:
gent solubilization of the plasma membrane-bound ;-eceptor has also shown
the exist‘ence of high m.w. complexes \(115,000 and 200,000 deltons), and it
has been proposed that the native receptor is a dimer of two disulfid?—

dinked, 65,000 dalton subunits (Caponi & Catt, 1980). Similarly tq the
- “ pe .
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nicotinic acetylcholine receptor and the TSH receptor, the liver angioten-
sin Il receptor has disulfid‘e bonds essential fqr ligand bi;\ding (Sen at
al., 1984; Sen, 1985). There are two receptor subtypes in rat liver:
high-affinity binding s%tes" (Ka %35 nM, Bmax = 372 fmol/mg protein) an&
low-affinity binding sites (K¢ = 3.1 NM; Bmax = 658 fmol/mg protein). The
high-affinity receptors are sensitive.go dithiot‘?‘eitol (DTT) treatment and
appear to be linked to glycogen phosphorylase stimulation, whereas the
low-affinity receptors are linked to adenylate cyclase inhibitign. The ap-'-
parent lack .of interconversion by DTT treatment or guanine nucleotides
suggests they represent distinct receptor subtypes (Gunther, 1984).

1.3.2 Transducer protein(s). It is now well established that
at least four types of GTP—binding transducer proteins - Ges, Gi, Go &nd Gt
(transducin) participatg in the transmission of receptor-generated sig-

L4

nals. Their structure ‘has been recently reviewed by Gilman (1987). Gs

(stimulatory) and Gi (inhibitory) transmit stimulatory and inhibitory sig-

nals to the plasma membrane adenylate cyclase in various tissues, Go
(abundant in the brain and the heart) is inhibitory for the adenyla
cyclase, whereas Gt 1s confined to the retina and is linked to another
second messenger - cGMP. Besides the regulwtion of the activity of adeny-
late cyclase, the. G-proteins participate in the stimulation of retinal
CGMP phosphodiesterase (Gt), the regulation of 10;1 channels (G: and Go),
and in the stimulation of phosphoinositide hydrolysis (G and Go).

Gilman (1987) lists four crité;-ia for involvement of a G protein in
the trgnsdu;tibn of the signal from a receptor: 1. Both an agonist and GTP
are required to initiate the physiologic response. 2. The response can be

provoked, independently of the receptor, by stimulators of the G-protein.

12
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(non-hydrolysablLanalogs of GTP, or F- plus Al3*). 3. The existence of

negative heterotr&pic interaction between iheibinding of GTP to the G

protein, and the binding of agonist t“g the receptor. 4. Identification, by
toxin ADP-ribosylation, immunologic methods,. or G-protein-lacking mutant

cell lines, gf the G-protein. Purification and reconstituytion, in a cell-
free system, of the components‘of the receptor pathway. The following text
will review, with‘res-pectﬂto these criteria, the experimental evidence for

™

the participation of G-proteins in t§e signal transduction of the CaZ+-
llrlked hormones in the liver,

The first argument in favor of a possible involvement of G
protein(s) in the signal transduction of the Ca2*-linked receptors has
come from stugles of the effect of non-hydrolysable GTP analogs on the
agonist binding to Ca2+*-linked receptors. Goodhardt et al. (1982) has
shown that that they produce a three-fold decrease in the affinity 61" the
liver ai-adrenergic receptor for adrenaline and noradrer}aline. Inﬁ_t:.he ab-
sence of guanyl nucleotides, the ai-receptor existed in two aff nity‘\
states, a high-affinity state with Ko 70 nM (~ 20x of the binding sites),
and a low affinity state with Kp 3,920 }nM. Guanyl nucleotides‘ converted
all the receptors into the low affinity form. A similar proportion of
high-affinity binding sites was reported later by Lyr;ch et al. (1985). If
GTP-modulation of agonist binding was found consistently for vasopressin
and angiotensin II, the data for the ai—adrenergic receptpr are less
clear, since several groups have reported lack of effect of the guanyl
nucleotides (e.g.' Hoffman et al., 1980; Preiksaitis et al., 1982; Y'Jikberg
et al., 1983). AJ:so, the axtant“b‘?}e coupling of the ai-receptor to its

GTP—-binding protein is not constantr it seems to be dependent on the re-

13
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moval of the Ca?* jion from the medium, and to change with the age of the
animal (Lynch et al., 1985). 4

¢ As it will be discussed more below, the activation of the Ca2¥-
linked receptors results in activation of plasma membrane phospholipase C
and phosphoinositide breakdown (Berridge & Irvine, 1984). Vasopressin and
ai-adrenerglc agonists have been shown to cause a loss of IP3 from the rat
liver plasma membrane (Wallace gg‘al., 1982; HarEington & Eichberg, 1983).
and sevqul groups were able to demonstrate that the plasma membrane
phospholipase C is modulated b} guanine nucleotides. Wallfse & Fain (1985)
have found that GTPIS (a non-hydrolysabile GTP-analogue) y:s stimulating
phospholipase C in liver plasma membranes. At concentrations from 10 to
100 pM, GTPI'S induced a concentration-depéndent loss of up to 20X of the
plasma(membrane phosphatidylinositol phosphate (PIPS and phosphatidylino-
sitol bisphosphate (PiP?)f and corresponding 1ncre§se in IP3 and 1quitol
bispﬁosphate (IP}). Two other studies, by Uhing et al. (1985) and Melin et
al. (1986) demonstrated that rat liver phosé%olipase ¢ is regdlateqﬁby
guanine nucleotides and Ca2*. The guanine nucleotides decreased the Ca2+
requirements of the enzyme and increased its maximal activiﬁy.

Another line‘of evidence has come frfom the study of Blackmore et al.-
(1985), ‘ ing that activators of the G-proteins are able to mimic the “
effects E:GZazf—linked hormones on hepatocytes: These invastigators.h&ve
shown that the addition of Al3+* plus F-, known tc cause digsociation of
the subunits of Ge and Gi (Katada et al., 1984), to rat hepatocytes, also
produced ‘activation of glycogen phosphorylase, a, rise in [Ca2*]s, increase
in the cytosolic conceﬁtrations of IPs and)diacylglycerol (DAG), and a
decrease in the membrane content of PIPz,"

@
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All the above sfudies ‘have produced circumstantial evidence for the
involvement of a G-protein in the signal transduction+of the Caz’—mobi-
lizin§ hormones in the liver. For a direct proof from such an i‘nteractién,
a purification of all the ‘oompqnents of the sy3tem - the receptor, .the
transducer and the effector i:s needed, and after that they could be ®
reconstituted in a cell-free sy;tem (e.g. phospholipid vesiclés) and their
interaction can be studied. éo far, only methods for the purification of
the a1—adrenergic receptor (Graham et al,, 1982; Lomasney et al., 1986)
and plasma membrane phospholipase C (Deckmyn et al., 1986) in active state
are avallable. The attempts to identify the transducer protein(s) involved'
have been unsuccessful. There are tu;o bacterial toxins, cholera toxin an:1
the pertussis toxin, which ADP-ribosylate Gs and Gi, respectively. Neither
of them interferes with the receptor binding characteristics or the
agonist activation of glycogen phosphorylase in the liver (Lynch et al.,
-1986; Uhing et al., 1986), and no mutant cell line, missing some of the
components of the Ca2t+-~linked receptor system is available yet. For these
reasons, the molacuiar characterization of this receptor system is still
lagging behind that of the B-adrenergic receptor system.

1.3.3 Effector. As mentioned above, there is a well described
correlation between the activation of the Ca2*-linked receptors in the
liver and a change in the metabolism of some plasma membrane inositol-
containing phospholipids. The stimulatior of these receptors leads to
incorporation of 32§ into phosphatidylinjositol (PI), but not into other
major phospholipids (Tolbert et al., 1980). PI is sequentially phospho—
rylated to form phosphatidylinositol ?}—phosphate (PIP) and phosphatidyl-

" 1nositol 4,6-bisphosphate (PIP2), each of which makes up about 1% of the
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total inositol phospholipids of hepatocytes. These phosphorylations are

- continually reversed by specific phosphomonoesterases so that all the

lipids are in equilibrium. It was established that the Ca2*-linked hor-
mones induce a rabid bre;kdown of the plasma membrane PIP2, and this ef-
fect was only partiallx decreased by removal of the extracellular ‘Ca“,
and relatively -independent of tﬁe levels of [Ca2*]i. It was noted also
that the Caz*—iono})hore A23187 was not able to mimic the effects of the
Ca?+-linked hormones on the phosp :. tide metabolism. These results led
Michell et al. (1981) to propos that that the initial event in the hor—
monal activation was the increase jni*the breakdown of the polyphospho-
inositides, which was leading to aﬁ increase in the [Ca2+]i. The mammalian
cell has a variety of phospholipases, which.participate' in the catabolism
of dietary lipids and in the metabolism of structural membrane phospho-
lipids. These enzymes have been divided into four group; with respect ts
the specificity of their action: phospholipases A1 and Az remove the fatty
acid from position 1 and 2 of the diacy}glycerophospholipids, raspec- *
tively. Phospholipases C hyarolyze the glycerophosphate ester bond of
phospholipids to yield diacylglycerol and phosphobase moiety, whereas
phospholipases D release phosphatidic acid from the phospholipids. Phos-
pholipases Az are[involved in the control of the synthesis of eikosanoids
and platelet-activating factor, whereas mammalian phospholipases C spe-
cifically degrade inositol phospholipids (Daniel, 1985). It 1is now pre-
sumed' that there exist two types of phospholipases C. The first type are
soluble enzymaés, which metabolize all tkree phosphoinositides, while the
second type are membrane bound enzyme(s), which are polyphosphoinositide-

1)

specific (Deckmyn et al., 1986) and regulatd&by Ca2+ and guanine nucleo-
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tides (Uhing et al., 1985; Melin et al., 19868). The phospholipase c-mi—
diated hydrolysis of plasma membrane PIP2 yields two substances with g
sec;nd messenger functions: IP3 and DAG. As with other, previously iden-
tified second messengers, their concentration is &entrolled within strict
boundaries by specialized systems: IPs 1s sequentially degraded by spe-
cific' phosphomonoesterases to IP2, IP and inositol (Storey et al., 1984),
and DAG is metabolized by the DAG kinase to formrphosphatidic acid. As
mentioned above, the main function of IP3 is to 't'.riggelL the release of
Ca2+ from the endoplasmic reticulum. On the other hand, DAG has been shown
to 1ndu€e, concomitantly with the increased [Ca2+]4, a;'c activation of the
fytosolic enzyme protein kinase C and its subsequent translocation from
the cytosol to the plasma membrane (Hirasawa & Nishizuka, 1985). Thus, in
contrast to the cAMP~linked receptors, the propagation of the signal of
the Ca?*-linked receptors occurs through a dual messenger system, result-
ing 1in parallel activation of two classes of protein kinases: calmodulin-
dependent and calcium~phospholipid-dependent enzymes (protein kinase C).
In this complex picture, the function of protein kinase ¢ is still less
clear than the other aspects of the receptor mechanism of the Ca?*-linked
receptors; In contrast to othar systems, in hepatic glycogenoiysis protein
kinase C activation by phorbol esters has no synergistic effect on the
horm’onal stimulation (Lynch‘;t al., 1985). Interestingly, the enzyme ac-
tivation has a differentlal effects on the function of the Ca2+*-linked
receptors: ig inhibits the ai-receptor responses (PIP2 breakdown, Ca2+*+ mo-
bilization and phosphorylase activation; Corver:a et al., 1986),“but only
slightly reduces the effects of vasopressin (Cooper et al., 1985), and

doesn’t influence those of angiotensin II (Corvera et al., 1986). And
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since the effect of phorbol esters mimicé: the vasopressin and angiotensin
II-induced block of the ai-adrenergic effeclts in hepatocytes (Garcia-Sainz
et al., 1986), it 1is possible that protein kinase C might play a regu-
alatory role in the function‘of the ai-adrenergic receptor. This 1de; is )
also supported by the implication of prqtein kinase C activation in the
interconve'rsion of the adrenergic control of glycoggnolysis in cultured
hepatocytes, found recently by Kunos et al. (1987). The mechanism of the
regulatory change is not clear, but accumulaging evidence points to a

<

direct effect on the receptor protein. A recent, work of Bouvier et al. ~
(1é87) have de:mnstrated that 1prot‘.ein kinase C phosphorylates the ai-
adrenergic receptor in vitro, and these data, together with the observa-
tions that phorbol esters induce desensitization (Corvera et al., 1986)

and uncoupling from the inositol phosphate metabolism-(Leeb-Lundberg et

al., 1985), might indicate the existence, for the ai-adrenergic receptor,

of a regulatory mechanism similar to that described for the B-adrenergic

receptor (Sibley et al., 1987). (
[
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'STATEM FT BLEM
In the last '8 years, there have been considefgple advances in the
understanding of the structure ;nd function of the Ca2*-linked hormone
receptors in the liver. Similarly to the study of the principlés of func-
tion of the éAMP—linked hormones, the progresi in this area of knowledge
comes through the isolation and the study of the cell membrane components

o d

for transmission of the hormonal signal, and their mode of regulation. The

‘1iver of the male rat is a widely used model for such studies. This organ

v %Q"’l

has been the vehicle for the molecular characterization of the hormone-

is rich in a11fdrénergic receptors, and in most of the studies to datd.it -
h Y

binding subunit of the receptor. The existence of well established methods
for isolation and in, vitro culture of hepatocytes’gffers also the pos~
sibility to study the function and the mechanisms of regulation.of the
Ca?+~-linked receptor systems. In the mammalian liver, the a- and B4type¢of
adrenergic receptors are present, and, uhlike in other systems, they are
both coupled in a stimulatory fashion to the same physiological response,
liver glycogenolysis.'Oneoof these receptor subtypes, the ai-receptor, is
predominant in the male rat, but this p‘edominance is able to shift todthe
other type of adrenergic receptor under some.experimeﬁtal and pathological

conditibns. Since the shift appears in cultured liver cells, they repre-

sent so far a unique In vitro model for the study of the regulatory

mechanisms involved in the change.

The work of the present thesis was oriented towards three goals:
1) to study some of the regulatory mechanisms involved in shift of the
adrenergic control of the glycogenolysis in the rat liver; 2) continue the

study of the hormone-binding subunit qj the a1~adre?er91c receptor by

\

A\

«
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biochemical and imnunologicai methods; 3) to study the mechanism of
agonist activation of the ai-adrenergic and the vasopressin Vi receptors
in the liver.

To achieve these goals, we hav;e. 1) studied the effects of modulators
of the activity of plasma membrane phospholipase Az on the conversion of
the adrenergic control of glycogenolysis in ;Lsolqted hepatocytes; Q
2) studied the effects of &he cross-linker disuccinimidyl suberate on the
agonist activation of the ai1-adrenergic and the )vasopressin Vi receptor in
isolated hepatogytec; 3) made a partial ;'Jurification of the hormone-
binding subunit of the m-adreﬁergic receptor from rat .liver membranps and

tried to purify and sequence the [3H]POB-~-binding site; 4) developed and

characterized rabbit polyclonal antibodies 'against the rat liver ai-

*adrenergic receptor; 5) studied the pharmacological characteristics of a

novel irreversible ai—adrenergic antagonist: I-phenoxybenzamine.

A
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2.1 MATERIALS
2.1.1 DRUGS, L—arterenol bitartarate, l-phcnylgphrim (PhE),
[Arg®]vasopressin (AVP), I—-isoproterenol and mellitin war-n from Sigﬁa
Chemical Co. Phenoxybenzamine HC1l (P0B) and Prazosin were generous gifts
from Smith, Kline and French and from Pfizer respectively. [4-(tert-
butyramino—-2-hydropropoxy)benzimidazole] was from Amersham, Disuc-
cinimidyl sufaera;g @('Dss) was from Pierce-.Chemical Co. - -

' 2.1.2 RAELO_L;GANQS, a-D-[14C(U)]-glucose~-1-phosphate (322
mCi/mmol), [Furoyl-—5-3H]i>razosin (10-30 Ci/mmol), [7-methoxy-3H]Prazosin
(70-87 Ci/mmol), [2H]-Phenofybenzamine (3H-POB, lot 2189-176, 41.57 Ci/-
mmol) and 2—[4—(4-azido—3-[‘251]iodo-benzyl)piperazin- -yl]~4~amino-

6, 7—dmethoxyquinazofine ( [‘25I]Ary1azidoprazé,in, lots N403255, K403070

and N403024, 2200 Ci/mmol) ware from NEN. [3H]CGP-12177 (30--50 C:I./moL)

was from Amersham. A , £ s
5 £.1.3 OTHER MATERIALS AND EQUIPMENT,
»‘. .
solation of hepatocytes and measure ‘ -

tivity: NaHCOs and glucose were frgm Fisher, gel}tin was from Difco. |
Glycogen type 'III,,Qa-D-glucose-1‘.-|5hosphat'e and collagenase (EG-3.4.24.3)
were fWerfusions were done using a peristaltic pump (mod.

. 2

1203, Harvard Apparatus), 1ncubation§' in a Thermomix 1440 incubator ‘(B.
Brar;n Melsungen AG) ar‘1d Shaker Water Bath (mod, :1‘06015, American
Optical). ‘ '

§DS-PA(:;E; 8Ds, acrylamﬁde, BIS, Coomassie Qril}lant Biue R-250, Am—
monium gersulfate, fEMED and glycine were elacfrophoresis grade‘v f;an .
Bio-Rad. Trisma Base (Tris) was from Sigma. Dithiothreitol .(DTT) was from

Calbiochem—Behring Co. Moiecdlar weight markers were from Bio-Rad and
. ‘ .

o
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’  ghromatography - WGA—agarose (lot 423608) was from P-L Biochemicals,

y

AN

Sigma; Electrophoresis was"?naqe with Protean dual vertital slab gel

slectrophoresis cell (Bio~-Rad), with Heathkig regdlated H.V. power supply
.I \ N s U&‘

“(nod:PH-1T, Heath Co). =~ 7 o
: Genescreen hybridization tramsfer membrane was from

NEN, *Nonidet P40 ~ from Shell, and 4-chloro-1-naphthol - from Aldrich.
N\ U —~
"Peroxydase conjugated-goat anti-rabbit IgG (whole molecule) and bovine .

serum albumin wfre from ’Sigma. Protein transfer was made y}ith Trans-Blpt.

-

PERY)

Cell with Model 250/2.5 power supply (Bio-Rad). ' ) L

Elsimg_mgmb.cang_aglmumi_on_ Triton X-100 and glycerol were from

.J.T. Baker Chemical Co. Digitonin (lot B401 0) was from Galard Schle—
singer. CHAPS, EGTA, 1 10-pﬁenanthrolina, bacitracin, trypsin inhibitor
type I-S (STI), and phenylmethylsulfonyl fluoride (PMSF) were from Sigma.

Homogeniz&'tion.‘was made with a Polytron homogénizer (fype PT 10/35,

/ . :
Kinematica GmbH). Samples were centrifuged using a L3-40 Beckman ultra-

centrifuge and a T-40 rotor. ‘ ’ \
Gel filtration: hadex G-200 sf (lot F116421), Sephacryl S-400 sf

.

(lot GB19006), Sepharose CL-4B8 (lot II32318) and gel filtration calibra-—
- tion kit (lot 1F047A) ware from Pharmacia. Columns weref from Pharmacia

~and Bio-~Rad. Peris altic pump (Micropex 2132) and fraction collector

\

A(Multirac m1) were from LKB.

[ 28
uﬁgn germ agglutinin (WGA)-affinity c n[gmatogcaghz. A) An g;z Jg 1

[}

Inc.; v r ography — WGA-agarose (lot 021610 and 030602)
was from E-Y Labs, Inc. f-N-acetyl-D-glucosamine (NAGA, lot 64F-0697) was

q

from Sigma. - N X -

P N
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- .
Plasma membrane 1solation A) Methg of Neville: Sucrose (Ultra
o ~ Pure, lot 06879) was from s;:hwarz/Mann Biotech Centrifugation was done
on L340 Beckman centrifuge with rotor SW 28 at 24,000 rpm and on a Sor—
o vall RC~5 centrifuge with rotor SS-34 at 17,000 rpm. w 7
et al.: Percoll (lot MF 02356) was from Pharmacia.

< Concentration: Dialysis tubing (cat. No 8-667A) was from Fisher,

ot

Aquacide II-A gfrom Calbiochem—Behring Corp., YM 10 ultrafiltration

membrane and Centriflo membrane cones (type CF25) — from Amicon. COn— L
iy
7 centration was made using Ultra'filtration Cell (mod. 8200, _Amicon), and

lyophilization — using Freeze Dryer 8 (Labconco). . : B \‘i'
. e - ot
Immunization of rapb;ts: Freund’s complete adjuvant was from Yaibco

Laboratories). ‘ .

Protein digestion: Trypsin (EC 3.4.21.4), type XIII, TPCK-treated

™~

(lot 55F-8065) was from Sigma. . ‘
- Ihin_laver cnrgnatog[ggnx (TLC): Silica Gel G and C18 TLC plates,
* 250 u thick, were from Analtech, Inc. 801vents, analytical grade, were
frgn.Fisher. POB was visualized by exposure to lodine vapors, and “TH-PoB
was quantitated by scanning with TLC plate scanner.
Reversé phase (RP) and gel permeation (GP) HELQ;\ A) Analytical RP
HPLC was made with a p;@ondapack C18 column, (0.5 x 30 cm, Waters);

Preparative RP HPLC - with a Ct18 column (type 201HS10n, 1 x 25 cm,
‘\ydac); C) GP_HPLC - with column I-60 (No T20961K03, Waters Ass.). Sol-
vents were HPLC grade from/Fisr‘wer. For HPLC we used a model 6000A Solvent
Delivery Syst;m, a model M45 pump, model UBK injector and a model 660
solvent mixer, all from Waters. UV absorption was measured with Lambda-

Max Model 481 LC specfrophotometer (Waters). 2H was measured on line with

' ﬁ,‘ 24 .
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a Ramona flow scintillation detector (Raysest), using a 0.6 ml yttriuﬁ
silicate cell (Raytest), at éx efficiency. Data were collected and o
process&d with PC (Raytest, Inc) using Triple Trace standard program .
(ver. 5.4e, Nuclear Interface GmbH). Fractions were collected with a
Helirac 1212 fraction collector (LKB). . )
Equilibrium receptor labeling: Polyethylenimine (PEI) was fr;m _
Sigma,iCarbowax PEG 8000 (PEG) — from Fisher, -Globulins (Bovine Cohn
Fraction”II)‘ad from éigﬁa, and GF/B or GF/C glass®fiber filters - ffom
Whatman. Incubations were terminated by vacuum filtration using 1225 Sam—

pling Manifold Filter Holder (Millipore). \ =

Eho;oaff;n;ﬁx receptor labeling: The UV lamps used were UVS-11

(Mineralight) and 450 W mercury vapor lamp (mod. H400-E1T, General

'°Electric). Photolysis was done in 2-ml quartz‘cuveties with 1 cm light

path (Pyrocell Mfg, Co.).

Radiocactivity: counting: A) 3H was measured with RackBeta 1211 Lig-

uid Scintillati;n Counter (LKB-Wallac) at 40~-53% efficiency. The sample
was solubilized in Formula 963 or in 4% Protosol in Econofluor (NEN).

B) ' was measured using Formula 965 (NEN) with RackBeta 1211 LSC at 94%

efficielcy. C) 1251 was measured with CG 4000 Gamma Counter (IN Inter- s
technigue), at 70X efficiency. )
N -~ e
e
4 . . o
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2.1,4 ANIMALS,
Production of antisera; White New Zealand rabbits, male, § - a>s kg

(Fermes des Chénes Bleus, Québec).

Isolation of hega;icy_tgg; Sprague-Dawley rats, male, 300-350 g

(Charles River, Québec). P { -
Isolation of rat liver plasma membranes; Sprague-Dawley rats, .male,
retired breedérs, >400 g (Charles River, Québec).
J
n,

. e
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2.2.1 PREPARATION OF LIVEB CE}L’LS N

1

Hepatocytes were isolated“from livers of male rats by the method of
Berry & Friend ('1969)' with §m;|e modifications (Preiksaitis & Kunos, 1979.;
Preiksaitis et al., 1%82). Rats were anesthetized with sodium pentobarbi-
tal (50 mg/kg i.p.) and heparinized (500 I.U./kg’i.v.). The abdominal

cavity was opened ang the liver was perfusedfrough the portal vein with
r (115 mM NaCl, 3.7 mM KC1,

calcium~-free Krebs—H&nseleit bicarbonate buf

1.2 mM MgSO4, 2.2 mM KH2PO4, 25 mM NaHCOaz, and 20 mM glucose; Krebs &

Henseleit, 1932), for 10 min at a flgw rate of 30-35 ml/min. During this

w \«.‘,\f .

period the liver was transferred to a perfusion apparatus. After this

/,/j&preparfusion the medium was changed to 100 ml Krebs—Henseleit buffer with

(o

£ )
Ca2* (2.5 mM) ani crude collagenase (0.05X%), and the pe

Zﬁxion was con—
tinued, with recycling, for andther 25~30 min. The pH of-the m‘?ium was

- N
monitored and maintained between 7.0 and 7.4 by the addition of NaOH.

Throughout the perfusion period, the medium was bubbled with 5% COz in O2

and maintained at 37°C. At the end aﬁ the collagenase perfusion, the
liver was disrupted by gentle combing and the .suspension of hepatocytes
1ncuba¢ed.in a shaking incubator for 10 min, under continuous oxygena-
tion. At the end of the incubation, the cell suspension was filtered
through 4 layers of gauze and a nylon nesh and washed fgom the colla-
genase by centrifugation (2 min at 80 x g) and resuspension in collage-
nase~free buffer. The final cell pallet was resuspended in Ca2+-con-
taining Krebs-Henseleit buffer, supplemented with 1.5% gélatin. The cells
obtained by this method rouéinaly &isplayed »95% viability (by the Trypan

‘ N
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Blue exclusion method). Cell density was measured by determinating the
wet weight of the cell pellet obtained by centrifugation of .a 1 ml ali-
quot of cell suspension for 2 min in an Eppendorf centrifuge. Cells -]

preincubated for 30 min before use. Pruqg treatment of Jjsol -

cytes: Iso;éted hepatocytes were exposed to receptotr agonists for a stan-
dard period of 2 min. Preincubation with other drugs were for times indi~-

cated in the feet. Treatment of isolated hepatotytes with disuccinimidyl
suyberate (DSS): Isolated hepatocytes were treated with DSS as described

by Pilch & Czech (1979). Hepatocyjds, suspended at a concentration of 20
mg/ml, were treated with ; mM DSS (dissétved in DMSO, delivered as 1% of
the total volume of the cell\ suspension) for 5 min. The reaction was
quenched by the addit;on of 0 mM of ammonium acetate, folloWed by two
washes by centrifugatitn and resuspension of the hepatocytes in fresh

gelatin buffer. Control cells were incubated with 1% DMSO.

2.2.2 GLYCOGEN PHOSPHORYLASE ACTIVITY

Glycogen phosphorylase activity was mggsured by the method of Stal-
mans & Hers (1975) and Thomas et al. (1968). Ten ml of the Hepatocyte,
suspension (2 mg/ml) were used for determination of the activity of
glycogen phosphorylase. The cell suspensiéﬁ was incubajed in 25-ml Erlen-
meyer flasks, at 37°C and under 5% COz2/95% Oz atmosphere. The shaking in-
cubator was set at 90-100 cycles/min. Drugs were added in 10 pl volumes.
After 3 m;n the cell suspension was transferred into a 15-ml test tube
Vand centrifuged for 30 sec in IEC (model CL) table-top centrifuge. The
cell pellet was immediately homogenized in 1 ml ice-cold glycogen phos-

phorylase assay buffer (50 mM morfolinosulfonic acid, 0.5 mM caffeine,

28
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150 mM NaF, 2,5 nM EDTA, 2.0 mM DTT, pH 6.5). The homogenization was done
with Polytron (setting 6) for 10 sec. The homogenate was“centrifuged for

10 min at 3000 x g and duplicate aliquots of the supernatant were used .
for me;surement of the activity of the enzyme. 50 pl of the supernatant

and 50 pul of assay buffer (glycogen phosphorylase assay buffer, contain-
ing 1 g% glycogen, 15 mM [14C]-glucose-1-phosphate) were incgbated for 30
m1n‘at 30°C. The reaction was terminated by spotting 50 pl of the assay
mixture on Whatman 41 filter paper discs which were washed 2 x with ice-
cold 66X ethanol and once with acetone. '4C was measured by liquid scin-
tillation counting. The activity of glycogen phosphorylase was calculated

as pmoles of [14C]glucose incorporated into glycogen per min per mg

- protein in the supernatant.

2.2.3 LIVER PLASMA MEMBRANE PREPARATION

. Method of Neville (1968): Plasma membranes were prepared by
the method of Neville (1968), as modified by wWolfe et al. (1976). Af&
operations were performed at 4°C. The liver was minced with scissors in
20 volumes of 1 mM NaHCO3 and homogenized. The homogenate was filtered
through 4 layers of gauze and centrifuged for 10 min at 4,000 g. The pel-
let was resuspended in 1 mM NaHCO3 and mlxed with 2 vol 69% (w/w)
sucrose. After 10 min stirring, the homogenate was transferred to ultra-
centrifuge tubes and overlaid with 42.3% (w/w) sucrose. The preparation
was centrifuged for 2 hr. at 100,000 g. Pfﬁsma membranes were collected
from the top of the upper layer of sucrose, washed 2 times with 50 mM

Tris, 1 mM MgCl2 and stored at -70°C until used. Method of Prpic et al,

{1984): starting material were isolated hepatocytes, washed with
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gelatin-free Krebs-Henseleit buffer. The hepatocytes were pelleted by

centrifugation and homogenized by Polytron (setting 5, 2 x 5 sec) to give
6X (w/v) homogenate, in ice-cold buffer (250 mM sucrose, 5 mM HEPES—KOH,
1 mM EGTA, pH 7.4). The homogenate was centrifuged at 1,464 g for 10 min
and the pellet was resuspended in the same buffer to give 6X suspensjon.
10.4 ml of the suspension were mixed with 1.4 ml of Percoll (11.9% final
concentration) and centrifuged at %ﬁ,S}O g for 30 min. The plasma
membra&es were collected from the s;cond dayer from the top, washed 2 x

with 50 mM Tris, 1 mM MgClz and stored at -70°C in the same buffer.

Treatment of rat liver plasma membranes with disuccinimidyl subera%e

(DSS): Rat liver plasma membranes were diluted to 0.2 mg/ml in 50 mM

!
potassium phosphate buffer, 1 mM MgClz, pH 7.4 buffer, at 37°C and ex-

. 11~”} posed to 1 mM DSS (delivered in.DMSO in 1% of the volume of the sample)

0

’ -
for 5 min. The reaction was quenched by 10 mM ammonium acetate, followed
by 2 washes by céntriﬁugation and resuspension in fresh buffer.
2.2.4 SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-PAGEZ
One-dimensional SDS—-PAGE was done using a modified discontinuous
buffer system (Laemmli, .1970; Laemmli & Favre, 1973). Samples for elec-

trophoresis were solubilized for 20 min at 80°C, cooled to room t° and

//\Qgpplemented with 0.1 M dithiothreitol. Particulate matter was removed by

centrifugation for 3 min in an Eppendorf centrifuge. Up to 40 pg of

protein, in a maximal volume of 100 ul, Lere applied to the well. Mole-
cular weight standards and samples were applied always in equal volumei
Separatiqg\ras made using 3 mm—thick running gels, containing 5, 7.5 or

10% actglamide and a 4% stacking gel. Electrophoresis was carried out at

{ ‘ 30



constant voltage, with initial currents of 5 mA/well (1 h) for stacking,
and 10 mA/well (3.5-4 hr.) for separation. For measurement of radioac-
tivity, the gels were sliced into 3 mm-wide slices. ®H was measured fol-
lowing digestion of the gel slices with Protosol (2 hr., 60°C). The lanes

were
with the molecular weight standards ‘stained with Coomassie Brilliant Blue

R-250.

€

2.2.5 TRANSBLOTTING be

Electrophoretic-transfér of proteins from-8DS=PAGE gels to nitro-
¢ellulose paper was made according to Towbin et al. (;379). After the
SDS-PAGE was completed, the gel was placed in a sandwich of filter paper,
with the niyrocellulose sheet layered over one of its sides. The sandwich
was placed,\with the nitrocellulose sheet facing the anode, -in the trans-
blotting appakatus and’maintained 0.2 A for 4 hr., with water coolipg. At
the end of the transfer, the nitrocellulose paper was cut into stﬂégs
corresponding to the different wells of the SDS-PAGE gel and incubated
separately. First, the ffee binding sites of the nitrocellulose paper
were blocked with 5X bovine serum albumin in 10 mM Tris 7.4-saline and
incubated with 1:10 dilution of antiserum for 90 min at room temperatgre.
The antiserum was removed by washing with the same buffer with 0.05% Non-
idet P-40, followed by a second exposure to 5% BSA, and a 10-4 dilution
of horseradish peroxydase-linked anti-rabbit IgG. The lgtter were visual-
ized by treatment with 50 mM Tris pH 7.4, 30% H202, 0.4 mg/ml 4-chloro-

~ 7
1-naphthol.

~
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0 2.2.6 GEL FILTRATION \ .

Separation of rat liver plasma membrane components by gel filtra-
tion was done as described first by Porath & Flodin (1959). A) Analvtical ¢

gel filtration experiments were performed using Sephadex g:gpo sf and Se-

phacryl S$-400 sf. The volume of the sample was kept at 1-2X of the total . .

volume of the separating gel. The flow rate was kept at 2 ml.cm-2.h"'.
~ &
B8) Preparative gel filtration was made on Sepharose CL-4B, using a flow '

rate 4 ml.cm~2.h-'. All experiments were performed at 4°C with previously
degassed buffers./Columns were calibrated in separate runs using ap-

propriate molekular weight standards. _ )

2.2.7 RECEPTOR SOLUBILIZATION

. All operations were carried out at 4°C. The plasma membra;es were
pelleted by centrifugation for 10 min at 35,000 g and homogenized in
solubil%;g;é%n buffer containing 50 mM Tris, pH 7.4, with 10 mM MgClzy
0.1 mM 1,10-phenanthroline, 10 uM PMSF, 10<Pg/ml bacitrac}n, 1 ug/ml STI R
and 5 mM EDTA. Detergent to protein ratio was 2:1 to 5:1.'}r1ton X-100
was used at a finél concentration of 1% (v/v) (Kunqs et al., 1983), CHAPS
- 10 mM (Hjelmeland, 1980) and‘dig;ponin - 1.36% (Graham et al., 1982).
The preparation was shaken for 30 min and centrifuged 1 h at 100,000 g.
The pellgt was extracted with 1/2 volume of the solubilizat@on buffer and ‘

the two supernatants combined, concentrated 10-fold and stored at -70°C

&

until used. ) .

o
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2.2.8 BINDING ASSAYS

2.2.8.1 [3H]Phenoxybenzamine binding assay: Labeling of rat

liver as-adrenergic reczptors with 3H-POB°was as described by Kunos et
al. (1983). Plasma membranes were diluted in 50 'mM Tris pH 7.4, 10 mM
MgCl2 to 0.1 m?/ml. 3H-POB wgg precyclized for 1 min at 37°C in the same
buffer and added to thg plasma membrane suspension (precodled to 10°C),
to a final concentration of 1 nM. After a 4 min incubation, sunbound ra-
dioligand was removed 2 cycles of centrifugation (20,000 x g, 5 min) and
resuspension in fresh, lice-cold buffe}. Specific binding was defineq as
the difference between fhe 3H-POB bound in the absence of ¢ompetitor

(total binding) and in the presence of 0.1 uM Prazosin (non-specific

binding).

2.2.8.2 lﬂlp[gzosin binding assay: Binding of 3H—Prazqsin to

§§r&t liver ai-adrenergic receptors was assayed at $1°C, usiﬁ%‘50—100 ug of
protein/assay, in a buffer of 50 mM Tris 7.4, 10 mM MgClz. %he final con-
centration of [Furoyl—5-3H]prazosin was 1 qH, and of [7—me£hoxy—3H]p?a-
zosin - 0.4 nM. Incubation was carried outi?o;JSO min, and was terminated
by vacuum filtration onto GF/p filters,lwashe& rapidly with three 4-mi
aliquots of the same buffer at room t°. Specific binding was calculated
from the diffaerence between the binding in the absence and presence of
2 pM phentolamine. Radioactivity was measured by LSC.

2.2.8.3 [MCGP-12177 binding assay: Binding of 3H-GGP-12177
to ratuliver’ﬂ-adrenergic receptors was assayed at 31°C, using 1 mg of

. ,
protein/assay, in 50 mM Tris pH 8.0, 4 mM MgCl: buffer. Incubation was

carried out fbr 30 min and was terminated by vacuum filtration onto GF/C

33
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filters. Filters were washed rapidly with three 4-ml aliguots of tha same
) Yy
buffer. Specific binding was defined as the difference between bindiAg of

~ -

the ligand in the absence and presence of 300 uM I-isoproterenol.

2,2.8.4 1251-Arylazidoprazosin g;nding gggéy; Photoaf-
finity labeling of rat liver a1—adrene?gic receptors was done according
‘to Graham et al. (1984). The composition of the binding buffer was 100 mM
Tris pH 7.4, 1 mM MgClz, § mM EDTA, 0.02X NaNs, 0.1 mM PMSF, 10 pg/ml
bacitracin, 1 pg/ml STI and 1 pg/mi leupeptin. Plasma membranes, at a
protein concigtration oi‘P.s mg/ml, weré’incubated with 0.3 nM of the
ligand for 45 min, at 25°C in the dark. Photolysis was done in quartz
cuvgtes, for 20 s, 10 cm away from a 456 W mercury vapor UV lamp. The

unbound ligand was removed by 2 steps of centrifugation and wash.

2.2.9 PREPARATION OF LIPOMODULIN AND MONOCLONAL ANTIBODY

TO LIPOMODULIN
Lipomodulin and monoclonal antibody to lipomodulin were ) ' .
prepared in the laboratory of Dr. F. Hirata (Laboratory of Cell Biologi§ . ’

NIMH, Bethesda, MD). Lipomodulin was purified from culture medium of rab-

-
bit peritoneal neutrophils (Hirata, 1981). Specific antilipomodulin mono-
clon&l antibody was isolated by screening monoclonal antibodies raised
against rat c‘%ébral synaptosomes.
:
|
F
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. 2.2.10 PREPARATION OF ANTISERUM AGAINST RAT LIVER ai-RECEPTOR

Antisera were raised in rabbits. The antigen was prepared by
solubilization of rat liver plasma membranes with 1% Triton X-100 and gel
filiration on Sephadex G-200 sf as described in fig.8 and by Kunos et al.
(1983). The fractions cor(gsponding to the elution point of the 2H-POB-
labeled a:—adrenergiﬁ receptor were pooled and concentrated 10-fold. The
rabbits were inoculated i.m. with 0.5 mg protein/injection, diluted éith
an equal volume of complete Fréund's adjuvant. Animals were boosted at e
2 week~intervals with the same amount of jﬁtigen s.C. Bloqd was collected ‘
from an~ear vein starting one month after the first inoculation, in 10-ml
portions 2 week intervals. -After clotting at room t°, the serum was
separatedﬁg?\Centrifugation at 3,000 g ;Bd was stored -at -70°C until use.

F '
2.2.11 WHEAT GERM AGGLUTININ CHROMATOGRAPHY

WGA-affinity chromatography was done as described

by Kunicki et al. (1981), usiﬁb 2 columns of 10 ml of WGA-agarose. The
experihent was p;rformed at 4°C. The starting material was rat liver
plasma membranes, labeled with 3RH-POB and partially purified by gel
filtration‘;;\éephadex G-200 sf. Samples labeled in absence ("total"”) andu
in presence of competitor ("non-specific"”) were processed in parallel. .
The sample (1~2 ml, 20-30 ug protgin, in 50 mM Tris/1 mM MgClz buffer
containing 0.1% Triton X-100, 0.2 M NaCl and protease inhibitors as indi-
cated above) was applied to the column' and recycled for 90 min, at a flow
rate 5§ ml/h. The column was washed with 8 vqlumes of sample buffer and
the glycoproteins were eluted witp 0.2 M B—N—acapylglUcosamine in sample
buffer (80 ml, 5 ml/h). The column was regenerated by washing with 0.5 M

¢
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NaCl and 10.volumes of sample buffer. Preparative batch WGA-affinity
o chromatography was made with 2 x 20°ml oi” WGA-agarose, usin§ as startinq %
material 3H-POB labeled rat liver plasma membranes, partially purified by 5
gel filtration on Sepharose CL-4B The sample (2—3 ml, 6-10 mg protain) o

. M :
: was incubated with the WGA-agarose for 30 min at,37 c in a shaking in- . v

L

o

cubator‘ The gel was transferred onto a papér filter .inside a funnel,

.washed with 5 vol. sample Byffer and’incubatgd with 0.2 M NAGA (30 min, . -,
"room t°). The gel wji regenerated‘byrwash;qg with®0.5 5 NaCl and sample
buffer. At the end of this step, the samples were concentrated 10 times

and stored at -70°C unéil use. . , , . ’ ' -
o -n . :
' 32.2.12 REVERSE PHASE HPLC ] ‘ o
Separation of proteolytic fragments of partially purified
a1-adrenergic receptor, labeled with aH-POB, was made by reverse phase
HPLC as described by Mayes (1984). Starting material was the product o? s
th? trypsin digestion, suspended in 0.1%° trifluoroaretic acid (TFA) in
Hz20. The separation was made by a linear gradient of 0-100% acetcnitrile -
(ACN) in 0.1XTFA/H20, for 56 min at a flow rate 1 ml/min. Pilot experi- ; 7
ments were done on an;}zt;cg; pBondapac$ C18 column, using 10-20 ug‘;f
protein digest per injection. grqgarggive RPIAPLQ was done on a Vydacdc18,
coiuér, using up to 300 pg/injection. The fractions containing the _
radicactive peék werg poQled, lyophilized and repurified usfyg the same °

colqmq and gradient. .
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\~2.2.13 GEL PERMEATION HPLC -

)

The 3H-POB-labeled proteolytic fragmer;t of the ai -adrenergic
racaptor, purified by RP-HPLC, was further studied by GP-HPLC, using & .
Waters I-60 column. The mobj:le phas:;e was 0.1% TFA in acetonitrile, and>‘ /
elution was at a flow rate of 0.5 ml/min. Relevant fractions were col- ‘ &

lected and concéntrated by lyophilization.

L

’

2.2.14 a1~ADRENERGIC RECEPTOR TRYPSINIZATION
/

The ;5artia11y purified ?H~POB-labeled ai-adrenergic receptor

was incubated with 2 x 5% trypsin (TPCK-treated) for 24 h, at 37°C and

pﬁ 1.6, as described by Mayes (1984). At the end, the preparations were

centrifuged at 100,000 x g and the supernatants were frozen at -70°C and

4
a

lyophilized. . . . .
\ . ~
2.2.15 RADIOCHEMICAL.-PURITY_ CHECK OF [3H] PHENOXYBENZAMINE

3H-POB was stored in ethanol at -20°C. The radiochemical

purity of the ligand was checked by thin layer chromatography (TLC) using ®

" two sy;stams. The first\TLC system was heptane:chlorophorm:methanol

(50:35:15) using silica gel G plates as described by Kan et al. (1979).

The Re yalue of POB in this system is 0.71. The second TLC system was " ) |
nethanol:acetonitrile (9:1), using Cis reverse phase plates. The Re
value of POB was 0.78. Purity checks were made also by RP HPLC on a

uBondapack C18 reverse phase column with the second solvent system.
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2:2.16 SYNTHESIS OF I—PHENOXYBENZAMII\}E (I-POB)

I-POB was synthesized by Qr\ T. Mansour of the Department of
Chemistry, McGill University, by the following procedure A mixture of
N-phenoxyisopropyl-ethanolamine, triethylamine, and anhydrous sodium R
iodide, in anhydrous methylene chloride, containing OMF, was stirred un-
der reflux for 18 h. N—(phenoxyisopropyl)-N-J(s-iodobenzyl)-ethanolamina
was purified from the reaction p'roducts by silica gel_ flash chromatog-
raphy. On the next step, the residue was dissolved in trichlorbmethane ’
and dry hydrogen chlpride was bubbled into the solution until pH 2was
reached., Thionyl chloride was added, and the m:&;ture was heated for 3 h
at 60°C in water bath. After saveral washes with trichloromethane, the .
N-(phenoxyisopropyl )—N-(3~iodobenzyl)-beta-chloroethylamine hydrochloride ~3
(I-POB) was purified by recrystallization from ethanol. I-POB is a white —

¢

powder, readily soluble in ethanol (Fig. *1).

2.2.17 CONCENTRATION OF PROTEIN SOLUTIONS

Ptotein solutions were concentrated by three technigques: A)__Qe:
hydratation: the sample was transferred in dilalysis tubing, which was
covered with Aquacide II-A f'pr 4-8 hr, at 4°C;_8) Ultrafiltration:
centrifugation-ultrafiltration in Centriflo membrane cones at 800-906:9
(for small volumes) and ultrafiltration under positive pressure (50-60
psi N2) in A /micon ultrafiltration cell for larger volumes; C) Lyophillza- ‘

tion for protein solutions in volatile solvents.

‘ )
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- 2.2,.18 MEASUREMENT OF PROTEIN CONCENTRATION
In the absence of interfering substances, protein was measuregyby

the method of Lo@ry et al., (1951). In the presence of SDS, the modifica~

. J
tion of Lees & Pa\qtn/flww) was used. In other cases, protein concentra- .

>

" tion was deter;nin‘ed by the method of Bradford (1976). Bovine serum al-

bumin was. useq as standard.

2.3. STATISTICAL ANALYSIS

For the assassment of statistical differenceé between means deter-
mined from two independent samples, the Student’s t—test for unpaired

data was used. Probability (p) of less tban 0.05 was considered sig-

nificant.
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Figure 1. Synthesis of I—-POB ( ~
For further explanations, see section 2.2.16
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3,1 TIME-DEPENDENT CONVERSION OF ai1— TO B-ADRENOCEPTOR -

- MEDIATE YCOGENOLYSIS IN ISOLATED RAT LIVER CELLS.

The adrenergic activation of hepatic glycogenoiysis in the ad‘ult
male rat is an ai-adrenergic receptor-controlled event. B-Adrenergic
receptors are also present (approx. 5% of all adrenoreceptors in the
hepatocyte; Kunos, 1984), but they don’t contribute: appreciably to the
regulation of glycogenolysis (Hutson et al., 1976). This unique feature
makes the lfver of the adult male rat a valuable model for the study of
the molecular properties and the regulation of the ai-adrenergic recep—
tor, since in female and young rats, as well as in most other mammalian
species, the B-receptor is predominant. It has been observed that the
predominance of a given adrenergic receptor subt);pe over the control of
rat liver glycc:genoly's.isl may change, within the same animal, after an al-
teration of the local hepatic condition, such as cholestasis (Schmelck et
al., 1979; Aggerbeck et gl., 1983; Okajima & Ui, 1984), regeneration fol-
lowing partial hepatectomy (Aggerbeck et al., 1983), and malignant trans-
formation (Boyd & Martin, 1975; Christoffersen & Berg, 1975; Hornbrook,
1979), or after an alteration of the general hormonal homeostasis (Chan

et al., 1979; Preiksaitis & Kunos, 1979; Malbon, 1980; Preiksaitis et

al.,, 1982). As first reported by Okéjima & Ui (1982) primary culturing of

isolated rat hepatocytes may also induce a conversion of the adrenergic
control of glycogenolysis. A common denominator in all these processes is
the induction of a lawer level of differentiation or "fetaiization", as
suggested by Kunos (1980) and Okajima & yi (1982). Thus, it appears that

the receptor control of liver glycogen metabolism is not fixed, but sub-
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Jject to adaptation to the level of cell differentiation and to the
pathophysiological state of the ofrfganism. This would also imply that the
conversion of the adrenergic receptor response under the various condi-
tions mentioned above may have a common underlying mechanism.

To study this mechanism, we used isolated rat hepatocytes, main-
tained in suspension (in serum-free medium), because 1n this in vitro
system the change in receptor response develops within a faw hoi:.w

In agreement with earlier observations from our laboratory eik-
saitis et al., 1982), and from others (Hutson et al., 1976), in freshly
isolated 'hepatocytes glycogen phosphorylase is activated predominantly
through the ai-adrenergic receptor: phenylephrine has a pDz value
(pD2 = -log ECs0?) of 6.58 % 0.21, whereas isoproterenol is ineffective
(Fig 2, Upper). After incubation of the cells for 4\hours, phenylephrine
loses both potency and e;"ficacy (pD2 = 5.64 + 0.30, P < 0.005), and
 1soproterenol becomes a potent activator (pDz = 8.10 * 0.22). For com—
parison, fig. 2 (Lower) shows the changes for two other hormones: vaso-
pressin and glucagon. 4-Hour incubation produces no char(g; in the
response to vasopressin, but the potency of glucagon is markedly reduced:
in freshly isolated hgpa;:ocytes pD2 = 10.82 * 0.156, in 4-hour cells
pDz = 9.57 % 0.25, P< 0.001. Since glucagon activates glycogen phospho-
rylase through the same cAMP cascade mechanism as isoproterenol, and
vasopressin uses the same cAMP-independent second messenger system as
phenylephrine (Chen et al., 1978) these results suggest that the recipro-
cal changes in the adrenergic response of hepatocytes after 4 hours of
incubation probably do not result from parallel changes in the function
of the s;cond messenger systems. This is also indicated by the fact that

¥
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the Ca?+-dependent vasopressin retains its potency (in contrast to
phenylephrine), whereas the cAMP-depsendent glucagon becomes much less
potent (the opposite ‘to isoproterenol).

’In order to find out if the shift in the adrenergic activation of
glycogen phosphorylase is corrsated with changes in the number and/or
affinity of the corresponding receptors, we studied their density and af-
finity. These data are summarized in Table 1. ai1—Adrenergic receptors
were ldentified by 3H—prazosin binding, and p-adrenergic receptors - by
3H*CGP-1?177 binding. Assays were done using both crude homogenaﬁte and
purified plasma membranes. For the ai-adrenergic receptors, despite the
significant loss of receptor function, we found no change in‘ the density
of receptors or their affinity for 3H-prazosin. Similargly, the emergence
of a potent B-adrenergic response in hepatocytés after 4 hours of incuba-
tion was not associated with a change in the density of recéptors or
their affinity for the radioligand. These results do not exclude other
possibla moglific;ations of receptors, or alter;:ion of their interaction
with the transducer mechanism. Recent data from our laboratory indicate
that 4 hour incubation of isolated hepatocytes decreases the number of
high.ggonist affinity form of ai-adrenergic receptors and increases the
high agonist affinity form ofk‘g-adrenergic receptors (Kunos & Ishac,
1987). Taken together, these data indicate that prolonged incubation of
isolated hepatocytes decreases the coupling of a— and increases the cou-
plif:g of B—adrgnergic receptors.

Adrenalectomy can trigger an intercgnvarsion of the adrenergic con-

trol of glycogen phosphorylase frém a- te B-type, and this change is re-

versible by iIn vivo glucocorticoid treatment (Chan et al., 1979).

44




Recently, it has become evident that most of the biological effects of
glucocorticoids, including their effects on cell differentiation, are
mediated indirectly by the induction of the synthesis‘of an endogenous
protein inhibitor of membrane phospholipase A2 (Hirata et al., 1980). The
suppression of phospholipase Az activity in the plasma membrane leads to
a reduction in the formation of arachidonate metabolites (Flower & Black-
well, 1979). Two endogencus inhibitors of phospholipase ’Az have been
identified: lipomodulin, (m.w. 40,000 dadtons), and macrocortin (Hirata,
1981; Blackwell et al., 1980). It is currently believed that macrocortin
is an active fragment of lipomodulin (Hirata et al., 1982). Using

purified lipomodulin and a monoclonal antibody agaj}st ligomodulin

irafa, NIMH), we tried to find out
if changes in the activity of membrane phospholipase Az are implicated in
the interconversion of the adrenoceptor control of glycogenolysis. As il-
lustrated in fig. °3, a 30 min incubation ’of 4-hour cells with 50 nM
lipomodulin reverses the effect of the 4-hour incubation: the potency of
phenylephrine, is increased to the level seen in 0-hour cells, and isopro-
terenol loses\x\ts effectiveness. Lipomodulin had no effect on O-hour
cells, and its effect on 4-hour cells was prevented by preincubation of
the lipomodulin with an excess of antilipon.iodulin monoclonal antibody,
All this suggests that the changes after 4 hours of incubation are re-
lated to an activation of membrane phospholipase Az, possibly caused by
the loss of an endogenous inhibitor, such as lipomodulin.

This possibility 1is further supported by experiments in which
O-hour cells were incubated for 10 min with a 1:50 dilution of an an-

tilipomodulin monoclonal antibody (Fig. 4). While this treatment caused

.
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only a small reduction in the potency of phenylephniﬂefé:; isoproterencl
rema}ned ineffectivé, when the cells were preincubated fo} 10 min with 10
UM phenylephrine, and thed‘treated with the antibody, the phenylephrine
potency was markedly decreased and isoproterenol becaﬁe a 'potent agonist
(indicating a shift from a— to B-predominance).

Mellitin is a polypeptide activator of phospholipase A2 (Mufébn et
al., 1979). Incubation of freshly isolated hepatocytes with 2 pg/ml mel-
litin for 30 min produces a similar‘suppression of the a- and emergence
of the B-adrenergic response (Fi?. 6), further supporting the role of

phospholipase Az in the conversion response.

3.2 MOLECULAR CHARACTERIZATION OF ai—ADRENERGIC RECEPTOR

AT LIVER

*
3.2.1 PARTIAL PURIFICATION OF THE HORMONE-BINDING SUBUNIT

OF THE a1—ADRENERGIC RECEPTOR

14

In the last 8 years, considerable research effort has been directed
towards the elucidation of the molecular structure of hormone receptors.
Information on their primary amino acid sequence has helped to shed light
on their membrane topography, principles of function and mechanisms of
regulation, and the pathogeny of some genetic and autoimmune disorders.
The molecular characterization of hormone receptors requires their
purification. The purification of adrenergic receptors has advanced

mainly through the development of affinity chromatography methods, which
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use derivatives of high affinity receptof ligands, immobilized on a chro-

#

matographic support. The str"&‘cJtt'Jre of prazosin (Hess, 1974), a high af-
finity ai—-adrenergic receptﬁor antagonist, was the source of two such
derivétives: CP 57,609 (Graham et al., 1982), and A55453 (Leeb-Lundbarg
et al., 1984). These studies have also provided méthods of solubilizatien
of the receptor in an active state. The first study found that the
hormone-binding subunit of the receptor is a single peptide with a m.w.
of 59,000 daltons. The second study identified a series of speci’r‘ically]
labeled peptides with m.w fanglng from 80,000 to 16,000 daltons, with the
predominance of a 52,000 daltons peptide. A similar controversy charac-
terized earlier studies, using [3H]POB for the specific labeling of the
receptor (Guellaen et al., 1979; Kunos et al., 1983). Leeb—»Lundberg ef
al. (1984) demonstrated that the variability in the results was probably
due to partial proteolytic degradation of the receptor, caused by the ac-
+ tion of an unidentified metalloprotease. Despite the recent progress 1in
the purification and the biophysical characterization ofqm—adrenergic
receptors from different sources, the receptor gene has not yet been
clovned, and the amino acid sequence and membrane topography of the recep-
tor are unknown. Earlier results from our laboratory have shown that v
[3H]POB could be used as an irréversible label for the molecular charac-
terization of the ai-adrenergic receptor from rat liver (Kunos et al.,
1983). Using this method, we partially purified\ the receptor protein and
tried, after proteolytic digestion with trypsin, to purify the [3H]POB-
labeled fragment of the receptor. The following section describes the

[

results from this study.
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) In a pilot study, we compared the potency of different detergents
to §olubilize [3H]POB-labeled ;11 -adrenergic receptors from rat liver .
plasma membrane, and characterized the ligand binding capacity of the
receptor after solubilization. Four times 10 mg of rat liver plasma
membranes (ai1-adrenerglc receptor density 0.6 pmols/mg protein) were
solubiliz;d with Triton X-100 (Kunos et al., 1983), digitonin (Graham et
al., 1982), CHAPS and CHAPS/NaCl (Bruns et al., 1983) accordingly to pub-
lished protocols. "Active™ receptors were defined as soluble ai-receptors
specifically labeled by a saturating concan\t\ration of 3H-prazosin (1 nM).
Specific binding was the difference between the binding in the absence
and the presence of 10 pM phentolamine, assayed after 60 min incubation
at 37°C, in triplicats aliyqu‘ots from the 100,000 x g supernatant of the
detergent extract. The assa){éf soluble receptors was done as described
by Graham et al. (1982). The da‘ta obtained were compared with the amount
of receptors recovered after solubilization of equal amounts of 3H-POB-
labeled rat liver plasma membranes with the same detergents. (Fig. 6). We
found that only 10 mM CHAPS was able to solubilize a significant amount
(40x) of the ai-adrenergic receptors in an "active” state. The dis-
crepancy between our results and those of Graham et al. (1982), which
used digitonin-solubilized preparations is probably due to the varia-
bility of the propertiss of digitonin from different sources (Caron,
1986). Based on these findings, we used 10 mM CHAPS for the solubiliza-
tion of rat liver plasma membrane ai-adrenergic receptors and resolved
the det,ergent extract by 95 filtgytion. Ten mg plasmi membranes were ex-

tracted by CHAPS as described by Bruns et al. (1983) and the preparation

was centrifuged at 100,000 x g for 1 h. The supernatant was loaded on top
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of a Sephacryl S-400 column (2.5 % 47 cm) and eluted at a flow rate of 25
ml/h with a buffer éogtaining 0.1% CHAPS. The eluate was assayed for
presence of active ai-adrenergic receptors by two methods: PEG precipita-

tion (Graham et al., 1982) and binding to polyethylenimine-treated

. glass-fiber filters (Bruns et al., 1983). As illustrated at fig. 7, we

found no peak containing specific 3H-Prazosin-binding act.iv,ity by either
method. The most likely explanation of this negative ?inding is that gel
filtration delipidates the regeptor, leading to its inactivation. This
made us to abandon the idea of detecting the receptor along-the purifica-
tion procedure by ligand binding. )

An alternative iﬁ%proach consists in labeling the ai-adrenergic
Jeceptor in rat liver plasma membranes with [3H]POB, followed by solu-
bilization. After a partial puri?icaiion, the prepnration'is to be di;
ggsted with trypsin and the [3H]POB-labeled fragment of the receptor is
to be purified and chara;:te)rized. For solubilization of the labeled re—
ceptor, Trifon X-100 ‘was chos;n as €he most potent detergent (Fig. 6).
Fig. 8 d;ascrj.bes the results of the gel filtration of such a preparation.
Rat liver plasma membranes were prepared using the mett?od pf Neville\ )
(1968) and labeled with 1 nM 3H-POB at 10°C, in the absence ("total
binding") and in the presence of 0.1 uM Prazosin ("non-specific
binding"). Thyese two pregarations were then solubilized with 1% Triton
X-100 (30 min at 4°C), and the 100,000 g supernatant subjected to )
analytical gel filtration. 0.5 ml of the Triton extract, containing 2 mg
protein, was loaded on a Sephadex G-200 sf column (1.6 x 32 cm) and "

eluted with at a flow rate of 5§ ml/h. The solubilization and the elution

bﬁffers containe& protease inhibitors (see Section 2.2.7), in order to
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minimiZe the proteolytic degradation of the ai—adrenergic receptor. In
these conditions, the Stokes radius of the 3H-POB-ai-adrenergic recept9r
complex was found to be 63 A, close to the value found b;f“;i‘(:&'os et al.
(1983) (60 A), and by Meier et al. (1984) (68 A).

- Gél filtration provides;little“purification of the ag—ad‘renerg‘ic
receptor, and for further purification we used lectin affinity chromatog-
raphy. (seel Section 2.2.11). The starting material was the product of the
Sephadex G-200 sf gel filtration of 3H-POB-labeled ai-adrenergic recep-

tors from rat liver plasma membranes. The fractions, containing the peak

‘ of the "specific” binding (suppressed by t0 pM prazosin) were pooled

. together and concentrated by ultrafiltration over a filter with a cut~off

limit of 10,0.Qg daltons. In the same operation, the det_ergent concentra-
tion was decreased to 0.1%. One ml ‘fractions of the preparation were ap-
;;lied to a 10-ml column of agarcse, coupled to wheat germ agglutinin
(WGA) (fig 9). We found that 86.2% of ﬁhe radioactive label in the sample
was retained by the WGA-agarose, and 46.5% (53.9% of the retained) was
eluted biospecifically with B-N-acety;l-o—glucosamine.

In order to isolate larger amounts of the ai-adrenergic receptor,
we 1isolated 379 of rat liver plasma mempr:anes fro,m‘ the livers of 150'
animals. Each preparaiion, (%200 mg, prepared from a‘batch of 5-6

livers), was separated in two and labeled with 0.5 ‘nM 3H-POB 1in the

"presence and in the .absence of 0.1 pM prazosin, as described above. Pre-

parations having less than 200 fmols/mg protein specific binding were

& T
rejected. The sI-i--POB—labﬁe’d plasma membranes (~t g) were %olubilized in
1X Triton X-100 (detergent to protein ratio 6:1), and centrifuged at

100,000 x g for 1 h. The 100,000 x g supernatant was concéntrated 10-fold
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by ultrafiltragion and stored at -70°L. For preparative gel filtration,
we used Sepharose CL-4B, packed in two co]:uriwns (3 x 50 cm). This matrix
was preferred over Sephadex G-200 for: preparative purposes, because its
separat}on.rangé (104 to 107 daltons) is larger than that of Sephadex
G-200 sf (104 )to 2 x 105 daltons), and the elution point of the 3H-POB-
recepto comglex is closer to its midpoint. Also, the higher rigidity of
Sepharose L—4B allows for much higher flow rates. The Triton extract was
pplied inm\3 ml aliquots on the columns and eluted‘atjga flow rate of ‘30
ml/h (fig.3). A total of 20 runs were made, and the fractions containing
the peak of specific hinding were concentrated by ultrafiltration and
stored at -70°C. For WGA-affinity chromatography,— we used two batches of
20 ml1 WGA-agarose (se;a Section 2.2.11). The biospecific elution was made .
by 0.2M B-N—agetyl—D—gluéosamine in sample buf;r'er. The results of this °
work are summarized in Table 2. The WGA eluate contained 2.7 mg of
protein, coﬁtaining 17.1 pmols/n‘lg of recaptor-specific label. Thus, the
over:all yield waseo.sx and the purification wgs 81.4-fold.

Next the partially purified, 3H-POB-labeled ai-adrenergic receptor
was digested with TPCK-treated trypsin.“Jhe protein was incubated for -
24'h w‘ith 5% trypsin (added twice at 12 h intervals), at 37°C. The reac-
tion was stopped by cooling to 4°C, and addition'of 0.1% trifluoroacetic
acid. The treathgnt with tryﬁsin was ‘able to solubilize only 3ox§9f ‘the
radiélabel. The 3H-POB-labeled peptide(s), released by the trypsin treat-
ment, were separated from the undigested protein éy 100,000 x g

centrifugation. )
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The 100,000 M supernatant was céncentrated by 1yop°hilization,
\ C solubilized in 1 ml 0.1% trifluorcacetic acid in/HzO and resolved by
' reverse}phase HPLC o a Cis matrix, by application of a 0-100% aceto-
nitrile/0.1% TFA in H20 gradient for 56 min. The fractions containing ra-
dioactive peaks were collected, concentrated by lyophilization and re-

pu?‘!fied under the same conditions.
' RPY HPLC of the tryptic digest of the 3H-POB-labeled ai1-adrenergic

receptpf-revealed one main radioactive peak, eluted at 93% acetonitrile,

and containing 43% of the labefAlso, several small radioactive peaks
K

wera eluted in the region 65-90X acetonitrile, each containing 4-6% of

the total radioactivity of the preparation (fig 10).

g/ ‘/\\:: a separate experiment, the main radioactive peak from the tryp-
sin d

stion was rechromatographed using a 20-100% gradient for 50 min.

x»» Again, a single, symmetrical peak was observed,
Since RP HPLC is separating peptides by hydrophobicity and gives no

direct indication of their molecular weight, we injected the material,
obtained from the main radicactive peak of the tryptic digestion, into a

gel permeation HPLC column with a separating range of 1,000 — 20,000 D

for globular and 600 — 8,000 D for random coil proteins (Fig. 11). Two
peaks of Tradicactivity were-detected: a major peak, with apparent m.w. of
\"600 D, which contained 71% of the radiocactive label, and a smaller ;;eak,
contéining 29X of the radioactive label, with an apparent M- of 2,600 D. |

SDS-PAGE of taese two peaks yielded an apparent m.w. of less than

1084 D for both peaks (Fig. 12): The molecular weight of 3H-POB itself
# being 340.0 daltons, this means that the fragment purified by this meth

may have contained no more than 2-3 amino acids. The attempt to sequence
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it, in collaboration with the HormGhe Researcb\}aboratory, UCSF, was un-

ﬂ successful. Therefore, one might sus;gest that the digﬁ%ﬁion of the 3H-POB
{ylabeled protein shou}g be done first by a metaod known to generg}e larger
fragments, and after the purification of such fragment is successfully
completed, a second digestion might be attempted, if necessary, using a
(different protease other than trypsiﬁ. However, at this point we cannot

discount the alternative pos&ibility that after a successful covalent at-

tach?ent of [3H]POB to the ai-receptor, radiochemicai decomposit;gn re-

» II‘ =~
leased a part of the molecule carrying the [3H] label, and this ffhgment
may have represented the bulk of the low molecular weight radioactive

peak. ' -

4 . AR AR
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3.2.2 CROSS—-LINKING OF ACTIVATED ADRENERGIC a1— AND

VASOPRESSIN Vi1 -RECEPTORS ﬁiTHHDSS

~ The problems encountergg with the use of [3H]P0;\:;:\\ . “

[’25I]A;§T;21doprazosin for the covalent labaling of the ai-adrenergic
receptors (see Section 3.2.3.1 and 4.4.2) prompted us to look for an al-
ternative approach to attach a radioactive label to the recepgor. Since

/ﬂwgi JPrazosin, a high affinity reversible ligand for the ai-adrenergic re-
ceptor has an amino group, we invesgigfted the possibility &g use disuc-
cinimidyl suberate, an irreversible cross-linker of amino groups (DSS),
to attach [3H]Prazosin to the active cenier of .the receptor. This agent
has been used to attach adjacent protein molecules, or to link large pep-

tide hormones, such as insulin and EGF, to their receptors in the plasma

U
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membrane (Pilch & Czech, 1979). As described in this section, the treat-
ment with DSS was not able to immobilize [3H]Prazosin to the active cen-
ter of the receptor, due probably to a lack of free amino group within
the span qf_the cross-linker. Our attempt to cross-link argsva;opressin
to the he;atic Vi receptor was also unsuccessful. However, when agonist
plus\oross-linker were added to intact cells, glycogen phosphorylase, the

¥ target enzyme for boph of these receptors became permanently activated.

These preliminary ob3grvations appear to be important for the undefstand—

v

ing of the mechanism by which activation of the Ca2+-linked receptors

lead to a final cellular response (see Iﬁzpoauction). There are presently

.

no data about the structure of the activg ed form of these receptors. It
hag been demonstrated for several peptide hormone receptors (insulin,
’ EGF, prolactin, TRH, enkephalin, LH), as well for the muscarinic acetyl-
choline receptor, that agonist binding induces receptor microaggregation
(Blum, 1985). In the case of the GnRh receptor for example, it has been
shown that agonist—induced receptor doublets are the form of activated
receptor and their presence is syfficient’ for the triggering of the
biological response, in the absence of an agonist (Conn et al., 1982).
'*&\\\jiighe fol%pwing section, we describe the effects of disuccinimidyl suberate
DSS}’gge fig. 13) on lig&nd binding to and agonist activation of the ’
vasopressin Vi and the ai-adrenergic receptors in rat liver cells.
The attempt to cross—link [3H]Prazosin (illustrated at fig. 13) to
the active center of the aj—-adrenergic receptor was made in%isolated rat
liver plasma membranes (see Section 2.2.3). The plasma membranes, diluted

to 0.2 mg/ml protein in 50 mM potassium phosphate buffer, 1 mM MgCl2, pH

![: 7.4, were incubated at 37°C first with 1 nM [3H]Prazosin, for 30 min.

/

// L
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1 mM DSS, dissolved in dimethyl sulfoxide (DMSO, 1X final concentration)
was then added, and the incubation was carried on for another 3 min. At
the end of this period, the cross-linking reaction was quenched with 10
mM ammonium acetate. The plasma membranes were Qashed by centrifugation
three times, resuspended in drug-free buffer and incubated for the indi-
cated period of time. As shown in the left panel of fig. 13, the dis-
sociation of [3HjPrazosin from DSS—-treated plasma membranes is slightly
slower, than from the control preparation, but this amount of retained SE
ligand (™10% in excess to the control at the 60th min), is displaced by

2 M phentolaﬁine (right panel). Similar result. were obtained when the
cross~linking was made at 4°C. We found, in separate experiments, that
the treatment of isolated rat liver plasma membranes with DSS doesn't
change the numler of binding sites for [3H]Prazosin in the membrane.
Similar results were obtaineh with plasma membranes, isolated from DSS-
treated hepatocytes. The negative results from these pllot experiments
were interpreted in the sense that there are no free amino groups avail-
able in the active center of the ai—adrenergic receptor, within the the
limited span of the cross-linker (11 A).

In the next step, we tested the possibility to link, using: the same
approach, the peptide)hormone argdvasopressin to its receptor in the
plasma membrane. Arg8vasopressin is a peptide with the amino acid se-
quence of Cys-Tyr-Phe-Gln—-Asn-Cys-Pro-Arg—GlyNHz, and molecular weight of
1084 daltons. Beside the terminal amino group, this peptide has 4 addi-
tional amino groups on the side chains?of the Gln, Asn an Arg residues.
For the experiment, the rat liver plasma membranes were suspended, at

0.2 mg/ml protein concentration, in the same buffer as above; and in-
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cubated first for 20 min with 10 nM unlabeled argdvasopressin. The
( %ss—linking with DSS was done as described above, and the preparation
was washed and resuspended in fresh buffer. At the end, the binding ’
capacity of the vasopressin Vi receptors in the preparation was deter-
mined. As shown at fiy. 14, the [3H]vasopressin binding capacity of the
cross-linked plasma membranes remained a; the control level. Therefore,
unlabeled vqsopressin was not cross-linked to its receptor.
The same experiment was repeated with isolated, intact rat hepato—
cytes. The cells were isolated from the livers of male, SD rats, 300 - )
350 g weight, as descr;bad in Section 2.2.1. They Jére suspended at a
concentration of 20 mg wet cells/ml and incubated (§§y37'0) with 10-7M
vasopressin for 2 min. After this, 1 mM DSS waswadded (dissolved in DMSO,
1% final concentration) and the incubation was carrie: on for another
3 min. At the end of this period, the cross—linking reaction was quenched
with 10 mM ammonium acetate. The cells were washed by centrifugaéion
three fimdk, resuspended in fresh buffer and incubated for a period of 30
- 45 min. For the measurement of the activity of glycogen phosphorylase,
1 ml aliquots were removed. The treatment with DSS and 1% DMSO was found
to have no effect on cell viability,. as Hetermined by the Trypan Blue ex—
clusion method. As illustrated by fig. 15/C, when the cells were stimu-
lated with vasopressin alone, the activity of glyco?en phosphorylase
reached, at the 2"d min, the maximal value ofV5.29 +0.4U (1U= 1 pmole
['4C)glucose incorporated into glycogen/1 mg wet cells weight. After the
washing out of the hormone, the activity of the enzyme decays rapidly to
1.09 U at the 30th miq. In contrast, after the treatment with DSS, the

* enzyme activity reaches a maximum of 3.42 + 0.5 U at min 5, and remdins
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high - 2.96 * 0.4 U at the 30th min (Fig. 15/D). For the.wbsarvation
period, the activity of glycogen phaéphorylase in the con&rol cells, in-
cubated in the presence of‘1x vehiculum (DMSO) remained at base-line
level (Fig. 15/A), but the treatment with DSS alone produced an increase
in the base-line activity of the enzyme, (~ 1 U at the 30th min, fig.
15/8).

The above éxperiments were repeated for the ai—adrenergic ;eceptor.
The experiméntal conditions were the same as above with the only dif-
ference that the agonist used was adrenalin, which has no amino groups,
and the activity of glycogen phosphorylase was monitored for a longer v
period of time. As illustrated in fig. 16/C, incubation’of the hepa—
tocytes with 10-%M adrenalin (in the presence of 10-3M propranolol) ac-
tivates the glycogen phosphorylase to a maximal value of 5.12 % 0.67 U,
After the removal of the hormone, éhe activity of glycogen phosphorylase
decays rapidly and returns to base-line value (0.36 U) within the 45 min
period of observation. In contrast, after treatment with 1 mﬁ DSS, the
glycogen phosphorylase is activated to a maximum of 3.83 % 1.07 U, which
is reached at the 15th min, and stays approximately at the same level for
the observation period. At the 45th min, the activity of the enzyme is
still 2.51 U (Fig. 16/D). 1 mM DSS alone produces a small, but sig-
nificant increase in the activity of glycogen phosphorylase, which

reaches a maximum of 0.96 U at the 45th min (Fig. 16/B). \
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3.2.3 PHARMACOLOGICAL ACTIVITY OF I-POB

In the last ten years, a number of high affinity ligands, such as
[3H])dihydroergocryptine (Williams & Lefkowitz, 1976), [3H]wa41o{
(U'Prichard et al., 1977), [®H]Prazosin (Karline; et al., 1979), and
[1251]BE-2254 (Engel & Hoyer, 1981) have been used for the charactériza-
tion of ai—adrenergic receptors from different tissues. In the liver,
[3H]Prazosin has been preferred for the characterization of the ai-adre-
nergic receptor in isolated hepatocytes (Hoffman et al., 1980, Preik—
saitis et al., 1982), because liver cells actively take up and metabolize
most of the other ligands (Kunos, 1984), All these ligands, which label

the ai-adrenergic receptor reversibly, have been used for the pharmaco-

logical characterization of the receptors in tissue slices or in isolated

" plasma membrane preparations. On the other hand, an irreversible radio-

ligand may offer a distinct advantagg for the molecular characterization

of the receptof, which involves detergent solubilization followed by a
multi-step purifigation procedure. The first irreversible radioligand for
the ait-adrenergic receptor was [3H]phenoxybsnzamine ([3H]POB) (Lewis &
Miller, 1966; Young & Nickerson, 1973; Guellaen & Hanoune, 1979; Kan et
al.,. 1979). Using high specific activity {3H]POB, the molecular weight of
the hormone-binding subunit of the rat liver a1—adrenerg;c receptor has
beaen determined (Kunos ét al., 1983). Subsequently, two irreversible
pﬁotoaffinity probes for the ai-adrenergic receptor were synthesized:
['251]cP65,626 (Seidman et al., 1984), and [125I]APDQ (Leeb~Lundberg et
al., 1984), and used in the study of hepatic ai-receptors (Dickinson et

al., 1984; Leeb-Lundberg et al., 1984; Seidman et al., 1984).
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bIﬁ our work for the partial purification of the hormone-binding
subunit of the a1—adrenergié receptor (describgd in detgil in Section
3.2.1), we used [3H]POB, supplied from NEN. Results obtained with more
recent batches of‘this probe labeled on the phenoxy ring were inconsis-
tent and variable, due to rapid radiochemical decomposition. Probably as
a result of this problem, NEN stopped offering [3H]POB and inEroduced, as
an irreversible probe for the ai-adrenergic receptor, ['231]Arylazido-
prazosin (['25I]CP65,526). We tried to use this ligand but, despite a
variety of labeling protocols, did not obtain reproducible labeling pat-
tern of the receptor (see Section 4.4.2). Because of these difficulties,
we investigated the possibility to develop an an:log of POB, lodinated on
the benzyl ring, which coul&kbe used for irreversible labeling of the
ai-adrenergic receptor, and would als¢ have the high specific activity of
radioiodinated ligands. Iodophenoxybenzamine (I-POB) was synthesized by
Dr Tarek Mansour, of the department of Chemistry of McGill University
(illustrated at fig. 1). Here we report some preliminary data about the
pharmacological activity of this compound.
A

3.2.3.1 PROBLEMS WITH [3H]POB.

The [3H]POB, as synthesized by Kan et al. (1979), was tritiated on
the benzyl ring and had a specific activity of 5§ —18 Ci/mmol (Fig. 17).
Starting from 1983, NEN offered higher specific activity ligand (22 - 55
Ci/mmol), tritiated on the phenoxy ring. Using this latter form of the
ligand, we found high variability in the labeling efficiency, ranging
from 0.2 - 0.3 pmols/mg to as low as 20 - 60 fmols/mg protein (at 0.5 nM

final concentration of [3H]POB). Delipidation of the preparation (as
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described by Kunos et al., 1983), removed most of the radiocactivity in
the preparation (>80%), showing covalent incorporation of an unusually
low amount (less than 10% of the total retained). The results of SDS-PAGE
analysis confirmed this finding. Only trace labeling was found in the
range of the high molecular weight proteins, and 99% of the radiocactivity
migrated with the front. These findings suggested that the high specific
activity [2H]POB*we were using, had a faster rate of radiochemical decom-
position, than the [3H]benzyl-POB, which was known to be stable for 1

years. To confirm this suspicion, we checked the radiochemical purity of

the high specific activity [3H]POB, one month upon receipt, using thin

layer chromatography (TLC) as described in Section 2.2.15. In the solvent -

system methanol:acetonitrile (9:1), in which the Rr value of POB is 0.78
(Kan et al., 1979), we found one small radioactive peak with Rr of 0.f8,
and several, ™ 2 times higher peaks with Rr in the range 0.75 - 0.78,
confirming directly the radiochemical decomposition of the ligand. The
TLC profile was similaﬁ in batches stored at -10°C and -70°C. Taking into
account these facts, we\hsed up the freshly synthesized [3H]POB within 10

days upon receipt, and discarded preparations, containing less than 0.2

pmol/mg specific binding. N

Starting from mid-1984, [3H]POB was no more offered by NEN, and was
replaced with the novel,:radioiodinated photoaffinity ligand [125I]Aryl-
azidoprazosin. In the dark, this ligand binds with a high affinity to the
ai-adrenergic receptors in isolated rat liver plasma membranes (Ko =
0.3 nM, Seidman et al., 1984), although the non-specific binding is
higher, than for [3H]Prazosin (30 - 40X vs.‘8 - 10x for [3H]Prazosin).

The labeling of rat liver plasma membranes was done as described by
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Graham et al. (1984) (see Section 2.2.8.4). Samples were UV-irradiated
for 20 sec, because we found that lonéér irradiation periods increased
unacceptably the non-specific binding (to 80 - 90% of the total). In
these conditions, we found that only 0.5 = 1X of‘the ligand is protein-
linked after SDS-PAGE. The level of non-specific binding and the level of
ligand incorporation into protein was not improved by addition of low
concentration bovine serum albumin (suggested by Leeb-lLundberg et al.,
1984), 1 mM DTT, or by delipidation of the preparation after labeling (as
used by Kunos et al., 1983). The low efficiency of covalent binding of
this ligand was also reported by others (Terman & Insel, 1986). In a few
experiments, we found specific labeling of peptides with molqular welght
of 79,000, 66,000 and 52 - 54,000 daltons, but the labeling pattern, and
the amount of ligand bound to protein varied between experimahts. We. ware

unable to find the reason for this problem,

3.2.3.2 PHARMACOLOGICAL ACTIVITY OF I-POB.

3.@.3.2.1 Antagonism of tbé stimulation of glvycogen

phosphorylase through the ai—adrenergic receptor in isolated hepatotytes

(Fig 18). For these experiments, we used isolated hepatocytes from the
livers of méle, S0 rats, 300 - 350 g, as described in "Methods"”. The
hepatocytes, at a concentration of 20 mg wet weight/ml, were incubated
for 20 min with the indicated concentrations of I-POB. At the enq\gf this
period, the cells were stimulated with 1 pM adrenaline for 2 min, and the
activity of glycogen phosphorylase was determined. As seen in Fig. 18,
I-POB is a potent antagonist of adrenaline for the stimulation of

glycogen phosphorylase, with an -ICso of approximately 1 nM.
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3,2.3.2.2 Binding affinity: for ai-receptors to isolated
rat liver plasma membranes (Fig 19). The binding affinity of I-FOB for
ar-receptors in rat liver plasma membranes was determined from its
ability to displace [3H]prazosin. Rat liver plasma membranes_were iso-
lated as indicated in Section 2.2.3 and suspended at 31°C in 50 mM Tris/1
mM MgClz buffer, pH 7.4, at a concentration of 0.2 mg/ml. After a 20 min
preincubation with various concentrations of competing drugs, the binding

of [3Hlprazosin, final concentration 0.4 nM, was determined in 1 ml ali-

. quots as described in Section 2.2.8.2. In fig. 19, the binding of

f’H]yrazosin in absence of competitor is expressed as 100%. The Kso for
the displacement of [SH]prazosin binding—was found to be 0.13 nM for un-
labeled prazosin, 0.65 nM for POB and é nM for I-POB. The binding af-
finity of I-POB is only 3 times lower than that of POB itself.

3.2.3.2.3_Antagonism of vascular ai—adrenergic recep-

tors in the rat (Fig. 20). In this experiment, the effect of I-POB as an
antagonist of the stimulation of ai-adrenergic or vasopressin-induced

vasoconstriction was determined. The experiment was done in collahoration

with Dr R. Mosqueda, using male, SD raté, weighing 500 — 560 g. The

animals were anesthetized with pentobarbital and the right femoral vein
and artéry wers cannulated with polyethylene cannulas (PE5S0). The ar-
terial cannula was connected to a pressure transducer (Statham, Hato Rey,.
Puerto Rico; P23Db) and polygraph (Grass, Quincy, MA; model 7) for con~
tinuous monitoring of blood pressure (BP) and heart rate (HR). Heart rate
was monitored through a tachograph preamplifier. Drugs, dissolved in
saline, were administered through the venous cannula. Fig. 20 shows the

original recording from one animal, which is representative of two
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similar experiments. The uppq;.part of the: figure demonstrates the
agonist—indueed changes in bloaod pressu;e and heart rate in the ‘absence
of antagonist, while the lower parﬁ shows the response to the same dose
of agonist, tested 20 min after the i.v. administration of I-POB, 5
mg/kg. As seen from this graph, the dose of 5 m;/kg I-POB supprasses com-
pletely‘the response to 5 and 10 pg/kg phenylephrine (PhE) i.v., but has
no éffect on the vasoconstriction produced by 200 ng/kg i.v. arg®vaso-
pressin. One of the animals was retested the next morning, and the
results obtained were similar to those illustrated in fig. 20, indicating

a long-term effect (irreversible blockade) of the vascular ai-adrenergic

receptors in the experimentq} animal.

’

3.2.4 RABBIT POLYCLONAL ANTIBODIES AGAINSI THE

. @1 —-ADRENERGIC RECEPTOR

Immunological methods have been widely used in the étudy of hormone
recept?r structure and function. Regarding catacholamine receptors, most
of the effort to develop immunological methods has been dev;ted to the
study of ;he B-adrenergic receptor, due to the more rapid progress in the
knowledge about the molecular structure of that receptor. Polyclonal an-
tibodies, developed in rabbits and mice against affinity-purified
B-adrenergic receptor have been used to study the iﬁteraction of the
receptor with ligands (Wrenﬁ & Haber, 1979; Caron et al., 1979), and with
the adenylate cyclase system (Couraud et al., 1981; Strader et al.,

1983), for the immunocytochemical localization of the rezeptor in brain
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. (Strafiér et al,, 1983; Trimmer ,et al., 1984), and as an independent mean

c - of idgntification of the héarmone—binding binding subunif of the p-adre-
", 'nergic receptor (Couraud et "al., 1983). The main limitation in the use of

i conventéona; gntibodies resides in their heterogeneity. In 1978 Sege and

Pet‘erson proposed to develop' a new class of more specific antibodies,

/regpresenting “the internal image” of an antigen (anti-idiotypic anti-
bodies; Sege & Peterson, 1978). The idea was applied to the study of the
ligand-recognizing mechanism of the B—adrgw‘ergic receptor (Schreiber et

L} 3

l 'al., 1980), the pathogpny of some receptoF-related autoimmune disorders
(Venéer etgal., 1980; Homcy et al., 1982; Wasserman et al., 1982; Stros-
berg, 1984; Farid et al., 1985) and the mechanisms of modulation of thev
im:nuna response (Sege‘ & Peterson, 1978; Couraud°et‘ al., 1983). An attemptb

wag made to use\\antfi—idiotyp{c antibodies for immuncaffinity purification

.

. o ! .
of the ai1-adrenergic receptor, but the results were inconclusive

(Guellaen et al. (1982). The difficulties and the limitations In the use.
of polyclonal antibodies v;er'e resolved bZ t:\\e development of a method for
'thé produ;tion of monoclonal antibodies (Kthler & Milstein, 1975). The
high sEecificity of interaction_ of the ‘monoclonal antibodies, combined

" with ;heir purity and possibility fo‘r prodyction in substantial amounts
prompted the dev'elopment of monoélona{i antibodies §gainst the catechol-
amine receptors (Fraser & Venéer, 1980; Dausse & Diop, 1983; Venter et
al., 1984), Monoglonai antibodies were used for the purification and the

molecular ;haracterization of the B-adrenergic receptor (Fraser & Venter,
1980), and for the molecular characterization of the ax—adrqner}gic recep-

tor (Venter et al., 1984). In 1983-84, in our laboratory we developed

rabbit ant_ibodies against partially purified preparation of> ai-adrenergic

\
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! receptor from rat liver. In the following text, we will describe their
J'& pharmacologiéal activity and their application for the molecular charac-
terization of the hormone-binding subunit of the receptor.
The antigen waé prepared from plasma membranes from thé liver of
* male rats.);he native plasma membranes were solubilized with 1X Triton
X-100 and the hormone-binding subunit of the ai-adrenergic receptor was
partially purified by Sephadex chromatography as described in Section
© 3.2.1 of this thesis, and by Kunos et al. (1983). The fractions contain‘-—
ing the ai-adrenergic receptor were ldentified by parallel processing of
[3H]POB-labeled preparations (see fig. 8). The relevant fractions from an
unlabeled( preparation were concentrated and used (0.5 mg protein/-
injection) for the immunization of white male New Zealand rabbi.ts. Aftew:a’
repeated boosting at 2-week intervals, the animals were bled and the
serum separated. Sera wers collected starting from the first month and
used Jat the indicated dilution in the expsriments. Coqtrol experimentsﬁ
were made in the presence of equivalent dilution of ser\Lﬁﬁ from non-
immunized animals. (See Section 2‘2',10)' :
As seen at fig. 21, the incubation of isolated rat hepatocytes with
1:10 dilution of rabbit antiserum for 30 min at 37°C prodL;ces block of
~80% of the activation of glycogeqkphosphorylase by the ai—adrenergic
agonist phenylephrine. Based on thwerse findings, in our further experi-
ments, we used 1:10 dilution of the rabbit antiserum in appropriate buf-
fer, and incubation for 30 min at 37°C.
Fig. 22 shows the effect of the antiserum on the activation of
glycogen phosphorylase in isolated hepatocytes. The activity of ’the an—

zyme 1s expressed as multiples of basal activity in the absenge of
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agonist. 10-5M phenylephrine, ip the presence of pre-immune serum, in-
creases the activity of glycogen phosphorylase 4.7 * 1.17 times. In the
presence of anti-receptor antiserum, the same concentration of
phenylephrine produces only 1.17 # 0.12 -fold increase in the activity of
the enzyme. Preincubation of the antiserum with rat liver plasma
membranes (4 mg plasma memt;ranes/1 ml antiserum for 30 min at 37°C)
removed the inhibitory effect of the antiserum, phenylephrine being able
to Increase enzyme activity 3.6 * 0.4 -fold over basal.

The specificity of the interaction of the rabbit antiserum was de-
termined indirectly by comparing the effect of the antiserum on the
activation of glycogen phosphorylase 1in isolated rat hepatocytes by two
different agonists: phenylephrine and arg®vasopressin (Fig. 23). The  d
antiserum interfered only with the activation of the enzyme through the
ai-adrenergic receptor, the response to vasopressin ren:;ined unchanged.

The presence, in the rabbit antiserum, of antibodies binding to the

active center of the ati-adrenergic receptor from rat liver was confirmed

~ .
-\

directly by the method of immunoblotting (Fig. 24). For this experiment,
rat liver plasma membranes were solubilized with SDS and resolved by
SDS-PAGE (10% acrylamide gel). At the end of the electrophoresis, the
proteins were transblotted on nitrocellulose paper and incubated with the
rabbit antiserum (dil. 1:10). The antigen-antibody reaction was visua-
lized by reaction with horseradish peroxydase-linked anti-rabbit IgG. The .
experiment was calibrated with a parallel SDS-PAGE of [3H]POB-labeled rat
liver plasma membranes (see Section 2.2.4). As shown in the bottom part
of fig. 24, the SDS-PAGE profile of [3H]POB-labeled plasma membranes

shows two peaks of ai-adrenergic receptor specific labeling with M- of




80, 000 .and 58,000 daltons. This profile is juxtaposed, in the same X—axis
scale, to the results of the interaction of the rabbit antiserum with
similarly resolved rat liver plasma membranes preparations. The control
(st~ip A), shows the interaction of native ratyliver plasma membranes
with the rabbit antiserum. It v1su;lizes a great number of antigen-anti-
body interactions between the various components of the plasma membranes
and the antibodt;\és, elaborated by the experimental animal. Strip B shows
the interaction of native plasma membranes with rabbit antiserum, which
had been preincubated with plasma membranes (4 mg plasma membrane
protein/1 ml serum, 30 min at 37°C), treated with 100 nM POB. The pread-
sorbtion of the antiserum with POB-labeled plasma membranes removes some
of the antibodies (reflected in the decrease in number of the lines and
the intensity of staining), except for the line corresponding to the

80, 000-dalton peak of the ai-adrenergic receptor. Strip C shows the in-
teraction of the antiserum with plasma membranes, pretreated with 100 nM
POB. The comparison with the control shéws that the block of the ai-
adrenergic receptors in the plasma membrane decreases the intensity of

o

the staining of a protein with A+ 80,000 daltons.
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FIGURE 2. Effects of In vitro incubation of isolated rat liver cells

on glycogen phosphorylase activation by glycogenolytic hor-

mones.

Cells were isolated and incubated, and the activity of gly-
cd;en phosphorylase measured as described in Section 2.2.1
and 2.2.2. Solid lines and filled symbols, freshly isolated
hepatocytes (0-hr cells). Broken lines and open symbols, he-
patocytes cultured for 4 hr (4~hr cells). Points represent
means of eight (isoproterenol and phenylephrine) or four ex-~
periments (glucagon, vasopressin). Five-pointed stars and
horizontal bars indicate mean ECso + SEM. Basal glycogen
phosphorylase activity was 12.3 * 1.1 and 11.3 * 0.9 units
(nmol {'4]C glucose incorporated into glycogen/min/mg of

protein) for 0-hr and 4-hr cells, respectively.
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FIGURE 3. Reversal by lipomodulin of the ?i@?—dependent con-

version of the hepatic ai- to a B-adrenergic response.

The effects of phenylephrine (filled circles, solid line)
and isoproterenol (triangles, broken line) were tested in
0-hr cells (Top), in 4-hr cells (Middle), and in 4—-hr cells
incubated for a f&rther 30 min with 50 nM purified lipo~ -
modulin (Bottom). Means of four experiments are shown. Sﬁars
and horizontal bars indicate mean ECso # SEM. Baseline gly-
cogen phosphorylase activity was 13.4 # 1.3 units (0-hr
cells). 11.2 * 1.1 units (4-hr cells), and 14.4 * 1.8 units

(4-hr cells treated with lipomodulin). 2
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FIGURE 4., Effects of preincubation

10

'é; cells with lipomodulin antibody

in the presence of phenylephrine on the adrenergic activa-

tion of glycogen phosphorylase,

0-hr rat liver cells were incubated with a 1:50 dilution of
a monoclonal antibody to lipomodulin (see Section 2.2.9) in
fhe presence of 10 uM phenylephrine and then washed for 30
min before the effects of phenylephrin; and isoproterencl
were tested. Filled symbo%gﬁgpd solid lines, control cells;
open symbols and broken lines, antilbody~treated cells. Means
of two experiments are shown. Basal phosphorylase activity

was 12.2 and 9.4 units in control and antibody +

phenylephrine~treated cells, respectively.
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FIGURE 5. Effect of mellitin on the adrenoceptor-mediated activation

of glycogen phosphorylase in freshly isclated liver cells.

0-hr hepatocytes were incubated for 30 min with vehicle bnly
(filled symbols, solid line) or with mellitin at 2 pg/ml
(open symboli, broken line). Means of three experiments are
shown.. Baselinelglycogen phosphorylase activity was in-

creased by mellitin from 10.6 £ 2.3 to 18.6 * 2.1 units.
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FIGURE 6, Effect of different detergents on the solubilization of the

a1~adrenergic receptor in an active stqte.

Plasma membranes were isolated from rat liver as described
in Section 2.2.3.1 and resuspended in 50 mM Tris/10 mM
MgClz, pH 7.4 buffer, containing protease inhibitors (see
Section 2.2.4) and the indicated concentration of deter-
gents. The preparations were shaken for 30 min on ice and
centrifuged for 1 hr at 100,000 g. The pellet was extracted

a second time with 1/2 volume solubilization buffer and the

two supsrnatants combined for the experiment. All experi-
ments were done at 4°'C. The results are expressed as per-
centage’ of the concentration of ai-adrenergic receptor in
the plasma membranes, ~0.6 pmol/mg pro'tein. "Active recep-
tor™ is defined by the specific binding of 0.4 nM
[3H]prazosin. Bars indicate the mean + SEM of three experi-
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-FIGURE 7. Sephacryl s-4ob gel filtration chromatography of ai> -
- adranergic r\eceptor, solubilized with CHAPS.
£

'
i

% Ten mg rat liver ‘plasma membranes were solubilized with

10 mM CHAPS as indicated in fig. 6 and in Section 2.2.7. The

extract (1 ml) was loaded on top of a Sephacryl §-400 column .

(2.5 x 40 cm) and eluted with a 60 mM Tris/10 mM MgClz, pH
( <
o 7.4, buffer containing 0.1 mM CHAPS and protease inhibitors

at a flow rate 25 ml/h. Solid line and filled points indi-

Section 3.2.1). Doted line indicates optical density (0.D.)
at 253 nm. Y indicates the elution point of dextran blue

(M = 2 x 10® daltons). All experiments were done at 4°C,
A ¢

o

] , Reprasentative for three experiments.
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cate the specific binding of [3H]prazosin in the eluate (see
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FIGURE 8.

. labeled a1-adremergic receptor. : Y,

4 I

L -

~

SephadeXx G-200 gel fii{;ration chromatography .of [3H]POB-

e

Rat liver plasma membrane 'were labeled with [3H]POB as

described (see Section2.2.8.1) and extracted with 1%

Triton. 0,5 mlof the extract was ldaded on top of a vy €

_ Sephadex G-200 (fine) column (1.6 X 32 cm) and eluted with

‘-

50 mM Tris/10 mM MgClz buffer containing 0.8% Triton and
protease inhibitors at”‘a flow rate of § ml/h. The solid line
with filled symbols denotes the difference in the radioag-

tivity in each fraction between parallel runs of prepareﬂ .

TN g N~ ’%&
tions labeled with 1 nM [3H]POB in the absence and in the

~ ¥

presence of 0.1 pM Prazosin (see Section 2.2.8). The

recovery of to’_tal radicactivity was 80%. Inset, estimation '

of the M- of the [3H]POB-labeled ai-adrenergic receptor
(arrow). Ogen‘circles are molecular eeight sfanderds ’
(dextran blue, ferritin, catalase, aidolase, BSA, ovalbumin, -
chymotrypsinogery A). Kev = (Vr —1Vo)/(Ve - Vo)) where Vr, Vo
and Ve are total bed volume, void volumeoand elution volume

of a given protein, respectively. All experiments were done

at 4°C. Protein was determined by the method of Bradford

(1976). The graph is representative of ten experiments.

e
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FIGURE 9. Wheat germ agglutinin°cﬁ?0@atography‘of partialﬁy purﬂfied“

ai—-adrenergic receptor.
[ A °

~ 2 -——)(
.

-

b

>
-~

Rat 1iQer a1-ad?e%3rgic receptors were solubilized fr

plasma membranes andapartially purified by gel filtrgf \n

>

7 chromatography as described in fig. 8. The receptor-con-

taining frg;tions were pooled together and applied to a 10

- aml column of-WGA coupled agarose (see Section 2.2.11). The

D
qelumn was washed with sample buffer (50 mM Tris/10 mM

MgClz, 0.1% Triton, pH 7.4), eluted with sample buffer, con-

. taining 0.2 M Q—N—ace;yl—o—glucosamine, and washed with

sample buffer containing 0.5 M NaCl? The preparations

labeled with 1 nM [3H]POB (dpm T), and with 1 nM [3H]POB 4+ %

0.1'pﬁ Prazosin (dpm NS) were processed in parallel. The

o

. recovery of total radioactivity was 90X. Experiments were

done at 4°C. The graph 1is representative of three separate

experiments.
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+ FIGURE 10.‘;evérse phase HPLC chromatography of tryptic digest .of

[3H]POB-labeled ai1-adrenergic receptor. , .

I

.

‘[3y]PQB—labeled at -adrenergic receptor: partially purified
by gel filiration and WGA—-affinity chromatographx (§ee
, fig. 8 and 9) were digested”with TPCK-treated tryg;fn (see
’ Secf&bn 2.2.14). 0.5 ml of the digest, dissolved in 0. 1%
TFA/H20 (0:3 mg proEein) was injected in a Vydac C18
column (1 x 25 c¢cm) and eluted with a linear gradient 0 -
. 100% acetonitrile in'0.1%TFA/HzO for 56 min. The flow rate

was 1 ml/min. The graph represents two parallel experi-

L}

A

ments of preparations labeled with 1 nM [3H]POB in the ab-
. v TN

sence (Tj and in the presence of 0.1 uM Prazosin (NS). The
recovery of total radioactivity was 85-90%. éxperiments

were done at room t°. The graph is representative of 40

experiments.

3
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£ .
“ The main peak of radiocactivity of the tryptic digest of

17 : | .

J

° )

FIGURE 11. Gel permeation HPLC chromatography of [3H]POB-labeled

proteolytic fragments of the ai-adrenergic receptor.

-y N

A '

the partially purified ai-adrenergic receptor (Fig. 10)

wés'collected, lyophilized and dissolved in 0.5 ml 0.1%
' . b Y

- .
TFA/acetonitrile. The sample was injecteq in a-Waters I-60/

column and eluted with 0.1%TFA/acetonitrile at a flow rate ] D

i

0.5 ml/min. Inset: estimation of’ﬁ% of the proteolytic
ffagments of the adrenergic recéptor (arrow). Open

circles are molecular weight stﬁndards (cytochrgme c,

B-endorphin, actinomycin D, enkephalinamide and POB). Kav -

as in fig. 8. The recovery o% radioactivity was 95%. Expe—

riments were done at room t°. The grlph is representative ¢ .

s

of two separate experiments, ‘

o~
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FIGURE 12 SDS—pclyacrylamide gel electrophoreszs of [3H]POB-1abeled

proteolytic fragments of the a1—adrenergic receptor.

§

Tﬂe mainnpeak of rad;oactivity of the tryptic digest of i
the partﬁally purified a1-adrenergic ngceptor (Fig. 11)
was collected, lyophilized and dissolved 30 1 ml H20. 60
pl sample was lyophilized, dissolved in 50 w1l ~SDS-PAGE
) sample buffer and applied to a 5% polyacry{amide gel. At
. the end of the electrophoresis, the gel was sliced in 3-mm : .
wide slkices and canted by LSC ksee §ection 2.2.4{. Inset:
" estimation of M- of the proteélytic fragments of the ai-

N e . . Ve
adrenergic receptor (arrow). Points are m.w. standards

y T

) (polypepiide fragments of hékse heart myoglobin, MW-SDS-17

) Kit,'Sigma). AVP indicates the Rr of [3H]Arg°vasogressin

‘ - (m.w. 1084). Rr = distance migrated by the substance/- , .
distance migrated by the tracking dye. The recovery of,to~

tal radioactivity was 70%. ;
» I M :
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FIGURE, 13.

. 4
Effect of disuccinimidyl suberate on the dissociation

kinetics of [3H]Prazosin in rat liver plasma membranes.

a

. [}

+

Rat liver plasma membranes were: suspended in 50 mM potas-

sium phosphateﬁ mKMgClz,‘pH 7.4 at 0.2,mg/ml and labela&

LS

1%@@th 1 nM [ﬂ-l]pra-ﬁosin (see Section 2.2.8.2). The prepara-

tion was cross~linked with 1 mM disuccinimidyl suberate

" for 5 min at 37°'C. The cross-linker was dissolved in DMSO

(1% of the volume of the sample). The-reaction was

-
[y

. - y
_quenched with 10 mM ammonium acetate, the preparation was

washed two times by centrifugation, oresusfknded in fresh

buffer (Left panel) or in buffer containing 2 uM phentol- -
1

amine (Right parel) and incubated ‘at 4\0 At the indicated
1Ent.ervals, equal volume samples were removed for detar-

mination of the' boynd radioactivit}. The results are ex~—

N
T

pressed as percentage of the binding of 1 nM [HIPprazosin
in DMSO-treated (control) membranes (0.8 pmols/mg). The

graph 1is representative for three experiments.
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FIGURE 14, Lack of cross-liqkiﬁg of vasopressin to its receptor\by
: S

disdccinimidyl suberate. s

[ 9
Rat liver plasma membranes were suspended in 50 mM potas-
sium phosphate/1 mM MgClz, pH 7.4 at 0.2 mg/ml and in-

cubated for 2 min with 10 nM unlabeled argivasopressin,

followed by cross—linking yiéh\gfs as described in fig.
13, two washes and resuspension in fresh buffer. Following

this, the binding of [3H]Arg®vasopressin was détermineq

(incubation for 20 min at 30°C). The dasheé line indfcates

\
Vo the maximal [3]arg8vasopressin binding, obtained in DMSO-
.treated (control) membranes. The graph is the’mean of
thrqg experiments. ‘
o
— g ] ) .
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_FIGURE 15.

81 A

.Cross-linking of agonist-activated vasoprassin Vi recep-

tors with disuccinimidyl suberate in isolated liver cells.
Rat liver cells Lere isolated and‘glycogeh phospherylase‘
acﬁi;ity was‘dgfermined as described in Section 2l2.f and
2.2.2. The hepatocytes were éuspended }&,concenfration 20
mg wet cells/ml and incubated .with 10-7M arg®vasopressin
for 2 min at 37°C. Following this, they were treated with .
0SS for 3 min, the reaction was quenched with 10 mM am-
monium acetate. and the cell were washed two times and re-
suspended in fresh medium. At the indicated intervals,
samples were removed for the determinatio; of the‘gétivity
of glygogen phosphorylase. Treatments: A4) 1% DMSO; 8) \ mM ‘
DSS; C) 10-TM argavagopressin + 1%XDMSQ; D) 10-7M
arg®vasopressin + 1mM DSS. Basal glycogen ‘phosphorylase
activity was 0.5 + 0.2 U (nmol ['4]C glucogi incorporated
into glycogen/min/mg wet cells). Points indicate mean +

SEM of expe:iments madeﬁ;zih cells isolated from three

different livers.
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FIGURE 16.

82 ‘

~

Cross-linking of activated ai~adrenergic receptors with '

disuccinimidyl suberate in isolated liver cells.

]

o

Rat liver cells were isolated and glycogen phosphorylase
activity was.deteﬁmined'as described in Section 2.2.1 and
2.2.2. The hepatocytes were suspendaed at concentration 20
mg wet cells/ml and fncubated with 10-8M adrenaline for 2
min\at 37°C. Rollowing this, they were treated with DSS

N
for 3 min, the reaction was quenched with 10 mM ammonium .

acetate and the cells were washed two times and , <:¢
resuspended in f;esh medium. At the indicated intervals,-

,samp}es were removed for the determination of the activity o
of:glycogen phosphorylase. A) 1% DMSO. 8) 1 mM DSS., C)

10-8M adrenaline + 1%DMSO. D) 10-9M adrenaline + ni¥ DSS.

Basal glycogen phosphorylase activity was 0.45 + 0.15 U

(nmol [14]C glucose 1ncocporated into gleogan/min/mg wet

cells). Points indicate mean + SEM of three separate ex-

periments.
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FIGURE 17. Tritiated derivatives of phenoxybenzamine.
- - For explapations, see Section 3.3.3.1.
/
i
l) e L
J 1



CHsj

' ] : o
(O)-0cH2—-CH-N-CH2CHzC1 . HCI
|

CH2

’/—/ / @ | |
e
* o

x

[3H]Phenoxybenzamine f[Cl (Kan et al., 1979)
Sp. activity 5-18 Ci/mmol

* ‘ | ) -
* OCH2—-CH—N—-CH2CH2Cl . HC1
,

CHo . '

[Phenoxy—3H(N)]-Phenoxybenzamine HC1 (NEN)
Sp. activity 25-55 Ci/mmol




FIGURE 18.

84

. L
['d
Effect of I-phenoxybenzamine on the ai—-adrenergic stimula-

tion of glycogen ‘phosphorylase in isolated liver cells.

L T——

"'Rat liver cells were isolated and glycogen phosphorylase

activity wﬁs determined as described in Section 2.2.1 and
2.2.2. The.hepatocytes)were suspended at a concentration
of 20 mg wet cells/ml and incupated for 20 min at 37°C
with the indicated éoncentf(fi;;: of I-POB. Foli;wing
this, the cells were washed twice and resuspended in fresh
buffer: The cells were incubated for 2 miﬂ with 10-8M
adrenaline and the activity of glycogen phosphorylase was
determinéd. Data are expressed as percentage of the ac-
tivation, obtained by 10-8M adrenaline in'the ?bsence of -

I-POB (6.7 %+ 0.2 U). Points represent the mean of three

expgriments.
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" FIGURE 19. Determination of the binding affinity of I-phenoxy-

u

benzamine in rat liver pl