
"'0 ','. t" -. 

-/ 
.e 

...... 

" 

•• 4l ". 

\ 

/ 

/ 

; 

\ '. , . , , . 
\ 

SIOCHEHICA1. AND ~COLOGlCAL STUDIES OF THE HEPATIÇ 

- ALPHA,-ADRENERGIC RECEPTOR 

, 

'by 

! 
1 

( 
Liouben E. Tehakarov 

.'~ :# -, V" 

A thé'S1s subm1tted to the 
- .... 

Faculty of Gradua~e Studies and Research 
• t 

in . partial fulfl1lment of the requirements 
..J 

for the degree of'; 
.. 

Doctor of Philosophy 

1 

Dtpal"1:mant of Pharmaeblogy ana Therapeut1cs 

MeGlll University 

Montreal, Canada 

. Harch, 1988 

, 
, , , 

. " .~ • 0 

" . .. 

... 

• ..... ~·I 

. ' 



0 
'l 

.q, 

\ 

o 

• .. - ,-

\ #}t 

--./ .. 

.. - \, 

f 

-. 

Some of the work in this thesis has been published. 

.1 e .... . ,\ ,. .1 ~è}. 

Kunos, G., Hirata, F., Ishac, E.J.N., ,Tch~karov, l. (1984) Time-dependent 

conversion of '«1- to p-adrenoceptor-media:ed glycogenolysis i~ 1~ated 
\ ('. .. '" 
rat liver cells:~role of membrane pbos~holipase Az. Proc. Natl. Acad. 

Sei. USA §1 6178-6182. 

r 

Kunos, G.,' Tchakar?v, l., Ishac, E.J.N., Kan !'l;H. (1986) Hepat1é «1-

a~renergiè receptors: Structure and heterologous regulat1on. In: Adren.r-
r 

, 

gic r.csptors: Holscular propsrtiss and thsrapsutic implications, Eds • 
• 

lefkow1tz R.J., L1denlaub E., FJK. Schatta48r Variag (Stuttgart - NY), p. 

105-127. 

. . 

• 

ro. 

>--

• 



c 
• 

" 

( 

c 

" . ... 
\~ . 

ABSTRACT , .. 
• 

The structure and the regulatfon of the hepatic a1-adrenergic 

recepeors have been stud1ed in the rat. The in vitro inc . ' lated liver cells in a serum-free buffer for 4 hr leads to 
) 

of the adr6nergic activation.of giycogen phosphorylase from , ' 

B-adrenoceptor-mediated event. This change is associate change 
in the glycogenolyt.ic response to vasopressin and a reduction of the 

glycQgenolytic response to glucagon. The time-dependant shift in the 

adrenerg~c control of glycogenolysis does not influence the density or 

the affinity of [3H]prazosin-labeled a1-receptors and [3H]CGP':"12177-

labeléd a-receptors. T~ change in the adrenergic control of glycogeno­

lysis,is reversed by a 30-min incubation with 50 nM lipomodulin, whereas 

in freshly i~olated cells lipomodulin doesn't affect the predominant 

a-receptor response. Conversely, exposure of freshly isolated cells ta a . .., 
monoclonal antibody to lipomodulin in the presence ,of 10 ~M phenyl- ~ 

éphrine, or to 2 f.lg/ml mel~itin" results in a shift in the adren~,..giç 
contror of glycogenolysis from a1- to B-ty~e within 30 min. It is 

proposed that coupling of hepatic a,- and B-adrenoceptors to postreceptor , , 
" 

pathways is regulated in an inverse reciprocal manner by changes in 
\ 

membrane phospholipase A2 activity. 

The mechanism of activation of the Ca2 +-linked 'receptors for vaso­

press~n and adrenaline was studleJ in isolated l~ver cells~Sequential 
treatment of celis with 10- 7M vasopressin and 1 mM of bifunctional 

cross-linker disuccinimidyl suberate (OSS), followed by washout of the 

drugs, ·doesn' t influence the dis~ociation of vasopressin from its recep­
tor, but results in permanent activation of glycogen phosphorylase. 

Similarly,' when the ceUs are stimulated wrth 10~ 5M adrenalin"e and 

treated with OSS, glyc?gen phosphorylase 1s permanently activated. It is 

proposed that 8gonist act~vation of vasopressin o.r a1-adrenergic recep­

tors involves the microaggreg8tion of receptors of") their coupling ta 

other membrane proteins. 

~e have attempted to isolate the fragment ?f the active center of 1 

the a1-adrenergic receptor, which b1nds [3H]phenoxyb~nzam1ne ([3H]PoB). 
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T~e .a1-adrenerg~c recepter was labeled with PH]POB 'in rat 1iver plas-

• m~rnernbrane.~t solubiliz~d and partially purified by gel filtration and 

wheat germ'~~giutiri1n chrornatography. The partially pùrified a1-réceptor ! _ ~ 
waSjjigested with t\ry'psin and the [3+iJ POB,:"labeled pr~teolytic frag~ent --\f 

purified by RP-HPLC and GP-HPLC. We were unable to isolate, by this ap-

proach, a fragment that could be sequenced. 
. . 

A novel irreversib1e antagonist for the a1-adrenergic réceptors, -
trI-phenoxybenzamine (I-POB) have been synthesized and pharmacologically 

. characterized. We have shown that I-POB binds 'to the a1-adrene'rgic recep-, . , 

tor in rat liver plasma rnernbrane~ith high affinity (Ki = 2 nH), '1n-

hibits the activation of glycogen"phosphorylase in isolated hepatocytes 

(ICso = 1 nH) and causes prolongèd and selective b~ockade of the rat .v8S- . . . 
cular a1-adrenergic receptors. /, 

Polyclonal antibodies against the rat liver· a1-adrenergic receptor 
, .) 

have been developed in rabbits. The antibodies interfered with the- a1-

adrenergic but not ·th~ vasopressin-i~dU~ll'd activation of glyc&.!en phos­

phorylase 1n isolated hepatocytes and bound to ttie 80,OOO-daltoR Torrn of 
, P 

othe SDS-PAGE-purified rat liver'" a1-adrenergic receptor. 
, 1 . . 
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lors de ce 'travail ,de thèse nous nous sonvnes intéressés à V étude 

" de la structure et de la régulation "du récepteur a1-adrénergique en 

-utilisant comme modèle d'étude des hépatocytes isolés du foie. 

Sur ce type de préparation, un changement de l'activation a1-adré­

nergique de ~a glycogène phosphorylase en une activation f3-adrénergique a 

été observé, suite à l'incubation de ces cellules durant 4 heures dans un 
(, 

milieu Krebs-Hense~ne contenant pas de sérum. Ce changement a1 -> 13 
\ , 

est accompé!gné d'une réduction" de la rëponse giycogénolytique au glu-

cagan, tandis que la réponse à -la vaso-pressine reste inchangée et que lâ 
"li • 
densité ec l'affinité des récepteurs a1- (marqués à la [3H]prazosine) et 

l3-adréneJgiques !marqués à la [3H] CGP-t21 ~7) ne sont pas affectées non 

plus. Par ailleurs ce Changement a1- -) 13 est inversé après incubation' 

durant 30 min avec de la lipomoduline (50 nM). Bien que ce composé 

'tI' affecte pas la réponse due à l'activation des récepteurs a1-adréner­

gi~ues, normalement prédominante dans les hépatocytes fraîc~ment isolés, 

l'incubation de ce type de cellules avec un anticorps monoclonal dirigé 

contre la lipomoduline" et en présence de phénylephrine (10 J.!M) ou de mel-
t 

l1tine (2 ~g/ml) produit, au bout de 30 min, le changement a1- -) 13. 

Ces résultats suggèrent que des changements d'activité de la phospho­

lipase A2 membranaire influencent, de façon réciproque, le couplage des 

récepteurs hépatiques a1- et 13 à leurs effecteurs correspondants. 

L'étude du mécan isme d'activation de deux récepteurs couplés au 

Ca2 + - les récepteurs' à la-..vaso-pressine et à l'adrénaline - a également 

été réalisé. Le traitement d' hépatocytes avec de la vaso-pressine (10- 7M) 

ai d'un agent de couplage bifonctionnel, ~e disucciminidyl subérate (OSS, 

1mM), n'affecte pas la dissociation de la vaso-pressine avec son ré-.. 
cepteur, mais produit néamoins une activation permanente de la glycogène 

phosphorylase. De même, l'incubation d' hépatocytes avec de,.l' adrénaline 

(10- 5M) et du DSS résulte en une activation permanente de la gl~cogène 

phosf,horylase. Ces résultats suggèrent que l'activation de chacun des ré­

cepteurs par leur hormone respective conduit à une microaggrégation de 

ces récepteurs ou è leur couplage à d'autres protéines membranaires. 
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Nous avons également tenté d'isoler, à partir de membranes plas-
1 • 

miques de foies ,de rats, le fragment du centre actif du récepteur a,-. . 
adrénergique auquel se lie la [3H]phénoxybenzamine (POB). Le récepteur A 

été marqué à la [3HJPOB, solubilisé et partielle~ent purifié à l'aide de 

techniques de filtration sur gel et de chromato~raphie à la, lectine de 

germe de blé. Après une digestion à la trypsine, le fragment du ré­

cepteur, marqué par la [3HJPOB, a-été purifié par chromatographie en 

phase inversée et chromatographie ~e perméation sur gel. Toutefois cette . 
" ~ 

approche'~ nous a pas permis d'isoler un fragment qui aurait pu être 

séquenèé. t 
Nos travaux nous ont également conduit à synthétise~ et à caracté­

riser pharmacologlquement un'nouvau marqueur i?rév&rsible des récepteurs 

a1-adrénergiques, l'iOdo-PhénOXYben~mine (I-POB). Nous avons mOQtré que 

l'I-POB se lie·par un mécanisme à haute affinité (Ki = 2 nM) au récepteur 

a1-adrénergique des membranes plasmiques is~es à partir de foies de 

rats, qu'il inh,ibe l'activation a1-adrénergique de la glycogène phos­

phorylase dans des hépatocytes isolés (I050, = 1 n~) et qu'il bloque 
, ..., , 

sélectivement et à long terme les récepteurs a1 vasc~laires du rat. 
Nous avons également développé, chez le lapin, des anticorps poiy­

clonaux contre le récepteur a1-adrénergique ~e foies de rats. l'utfli- . 

sation de ces anticorps no~ ont montré qu'ils interfèrent avec l'acti­

vation a1-adrénergique, maJk non avec celle due à la vaso-pressine, et 

qu'ils se lient au récepteur a1-adrénergique (P.M. 80 000 daltons) 

purifié par électrophorèse sur gel polyacr~lamide. 
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guanosine S'-triphosphate 

• 

guanosine 5'-(3-o-thio)triphosphate 

3-iodobenzyl phenoxybenzamine 
inositol 1-phosphate 

inositol 1,4-bisphosphate 
inositol 1,4,S-trisphosphate 

B-N-acetIyl-D-glucosamine 

l-phenylephrine 

phosphatidylinositol 4-phosphate 

phosp~atidylinositol 4,5-bisphosphate 

phenyimethylsulfonyi fluoride 

phenoxybenzamine. 

sodium dodecylsulfate 

, 

sodium dodecylsulfata polyaerylamida gel electrophor,âis 

soybean trypsin inhibitor 

trifluoroacetic 8cid 

tosyl phenyialanyi chloromethyi ketone , 
wheat germ (Triticium vuliJaris) agglutinin 

maximal binding capaeity 

eoncentra~ion of 8gonist producing half maximal re.ponse 

concentration of unIabéled ligand prodÔcing half-maximal 

suppression of specifie labeled ligand bind1ng 

equ11ibr1um dissociation constant 
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, ( STRUCTURE AND FUNCTtON O~ THE Ca2 +-LINKED ~RHONES 
IN THE LIVER 

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

The liver is the place where the main stocks of gly~ogen are kept, 

and by this fact it plays a key role in the organism's carbohydrate meta-
'\ . 

~lism. It is the target organ for the action of the hormones insul1n and 

glucagon, which are involved 1n the maintenance of glucose levels in the 

blood. Under stress, adrenaline, secreted by the adrenal medulla, and nor-
D 

adrenaline, released by the sympathetic nerves innervating the li~er take 
! 

over the control and adapt the liver metabolism to the antic1pated "f1ght , 
or flight" situation. They increase the rate of glycogenolys!s and glu co-

neogenesis, and~ecrease the synthesis of glycogen, wh1ch results in an 

increased release of glucose in the blood. This, together wfth the in­

creased levels of free,fatty acids in the blood (result~ng from increased~ 
lipolysis in adipose tissue), provide the organism with readil~ available , 

energy substrates. The hypertensive pePtide~~nnones vasopress1n (secreted 
. 

by the posterior hypophysis), and ang10tensin II, (formed through the ac-

tion of renin), have' similar effects on liver carbohydrate metabo11sm 
-. 

(Guyton, 1986). AlI these hormones produce the.1r effects through their 
, 

respectivé membrane receptors on the surface of the hepatocyte. 1 

The hepat,ic effects of catecholamines are produced through two dif­

i ferent types of receptors (Ahlquist, 1948) ~ a and 13. The net result of 

their activation is the same - stimulation of the liver·glycogen phospho-

rylase, the rat~-limiting step in the deèraaation of glycogen, but the 

mechanisms they activate are very differe'1t. The p-adrenergic receptor, 
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( similarly to the glucagon receptQ{, activates the ce Il membrane adenylate 

~ cyclase, which results 1n an 1ncrease in the 1ntracelIuIar levels of cAMP 

(Sutherland & RaIl, 1960; RaIl, 1972), whereas activation of the a-adre-

nergic receptor (al subtype in the liver; Hoffman et al., 1980), the vasa­

r-preSSin receptor (Vl-subtype in the liver; Michell et al., 1979) and the 

angiotens1n II receptor are not Iinked to such a mechanism. It was first 

proposed in 1977 that the activation of these receptors tr1ggers a dif-

ferent second messenger system that involves a rise in intracellular Ca2 + 

([Ca2+]i). The hypothesis was based on three lines of evidence: 1. It was 

found that the enzyme phosphorylase kinase (responsible for the activation 

of glycogen phosphorylase), is stimulated in vitro by [Cal+]i concentra-

tions simlla,r to those existing in vivo. 2. This group of hormones was 

producing a change in calcium fluxes and a redistribution of [Ca2+]1. 

f~' T~e action of these hormones was mimicked by A23187, J! Ca2+-ionophore 
... 

(Assimacopoulos-Jeannet et al., 1977; K~ppens et al., ,1977; Van de Werve 

et al., 1977). Subsequent studies, by demonstrating d1rectly an increase 

1n [C~2+]i in the seconds following the administration of a-adrenergic 

agonists, vasopressin and ang10tensin II, providèd further support for 

th!s hypothesis (Charest et al., 1983; Berthon et al., 1984). 

The 1ncrease 1n free cytoso11c Ca2+ leads t~ation of the 

four Ca 2 +-binding sites of calmodul1n. The Ca2 +-calmodulin complex 1s an 

important modulator of the act1v1ty of glycogen phosphorylase kinase and .. 
1s able to activate, 1ndependently of cAMP levels, the glycogen phospho­

rylasa (Van den Haede et al., 1979). The same Ca2+-calmodu11n complex in­

h1bits, by a sim11ar mechanism, tne activ1ty of glycogen synthase "(paine & 

~, Sodarltng, 1980). The Ca2 +-1inked honmones also inh1bit glycolys1s at two 
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different levaIs: by decreasing the'activity of phosphofructokinase 

(Richards & Ueda, 1982) as weIl as th~ activit~ of pyruvate kinase (Hers & 

Hue, 1983). The increase in hepatic gluconeogenesis by the Ca~+-linked 

hormones is due to stimulatiQn of fructose 1,6-diphosphatase and mito-
, " 

~hondria~ pyruvate CarbOXY~~d to inhibition of the pyruvate kinase 

(Hers & Hue, 1~83). ,fo 

a1-Ad'renergic stimulation in the liver. produces mal')Y other effects, 

namely aIteration of K+ fluxes, increase in respiration, amino acid . 
transport and ureagenesis, and 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 and the 

hypert~nsive peptide normones increase the- cytosdlic Ca2 + to about 800 nM. 

The rise in [Ca2 + Ji is rapid « 1, sec, maximum at 6 sec for noradre- . 

naline), and sustained (>20 min) (Berthon et al., 1984; Joseph et al., 

1985). The response is composed of two phasés. There is an, initial la rge 

transient phase, followed by a much smaller sustained phase. Removal-of 

extracellular Ca2 + doesn't alter the first phase, but abolishe~ the second 

(DeWitt & Putney, 1983, 1984; Joseph et al., 19S5).1hiS mea'ns that t~e 
- , 

Ca2 +-linked hormones alter the intracellular Ca2 + homeostasis by a dual . . 
mechanism: rapid release of Ca2+ from a hormone-sensitive intracellular . -
pool, and increase in Ca2 + influx through the plasma 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 t)1e rough en-

doplas~ic reticulum. The size of their Ca2 + content i5 s1m1lar. Est~t.s 
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of the Ca2+ content of the endoplasmic reticulum ~ange from 0.9 nmol/mg 

prote1n (Murphy st al., 1980) to 5 nmol/mg protein (Somlyo et al., 1985), 

i.e. 5 to 30~ of the total ce Il Ca2+ in the hepatocyte. The mitochondrial 

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

'1980), although a more recent study suggests a lo~er level, accounting for t 

,for only 5~ of~the total cellular Ca2 + (Somlyo, 1985). Bath organelles 

P9ssess energy-dependent ca2 +-uptake systems but, ~portantly, it has been 

shown that the Ca2 +-uptake system of the endoplasmic reticolum has a much 
~ 

~ 
lower Ko (0.1 - 0.3 uM) for Ca2 + (Famulski & Carafoli, 1982), than the 

mitochondrial Ko (1 - 1~ ~M) (Akerman & NichaIs, 1983). Several studies 

have produced evidence that hormone-inauced Ca2 + release occurs from a 

microsomal fraction of the rough endoplasmic reticulum, rather than from 
. 

the mitochondria. In experiments with saponin-permeabilized hepatocytes, 

Joseph et'al. (1984) have shown that, at micromolar [Ca2 +]i concentration 

and in conditions when only the mitochondrial pool was saturated with, 
~ ~ 

Caz., stimulation of penmeabilized hepatocytes wlth inositol (1,4,5)tris-

phosphate (IP3) was not able to release Ca2 +. On the other.hand, 1t was 

found that IP3 releases Ca2 +, accumu~ated in the presence of ATP, by a 

subcellular fraction, enriched with enzyme markers for the endoplasmic 

reticulum, end the amount of released Ca2 + was not affected by mite-

ehondrial inhibitors (Dawson & Irvine, 1984). Experiments with sapon1n-
~ 

permeabilized hepatoeytes have also indîcated~hat at physiol,gical levels 
(-~, " 

of [Ca2+]i, the endO~lasmic reticulum sets as the m~n honmone-sensitive 

Ca l + pool (Burgess et al., 1983). One of the most dbnvincing arguments in' 

favor of the endoplasmie reticulum c~s from the studiestof Sp4t et al. 
, 

(1986), ~h1ch have demonstrated that IP3 releases Ca2 + from the endo-
) 
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plasmic reticulum, but not from the mitochondria, and the existence of a 

saturable rècePt~r hr IP3 on the endoplasmic reticulum of hepatocytes. 
~ . 

The microsomal fract' on of the endoplasmic reticulum ..... implicated in the 

first phase of the [Ca2 +]i rise, is not yet weIl char:2teri~ed, and it i5 ' , . 
still unêlear how many Ca2 + pools are affected by IP3. Ther,are two,bind­

'ing sites for IP3 i~ the endoplasm1c reticulum (with Ko's of 8 nM and 

0.16 ~M; Spêt et al., 19S6), and 1t 15 nœt known wh1ch one 1s the physio-

109ical reeeptor, sinee the1r affinity doesn't correspond to the ECso of 

IP3' for Ca2 + release (100 - 200 nM in permeabil1zed hepatocytes; Joseph_~t 

al., 1984). On the other hand, Taylor & Putney (1985) have shown that IP3 

1s able to release only one third of the non-mitochondr1al Ca2tfPool, 

whereas Muellem et al. (1985) have demonstrated that after a first st1mu­

laton with IP3, which results 1n r~p1d uptake of the "rel~ased Ca2'+ back 

1n the pool, a second stimulation with IP3 was not able to release 1t 

aga1n. AlI these findings have led to speculations about the existence of 

IP3-sensitive and IPs-insensitive Ca2 + pools 1n the endoplasm1c rat1culum , , 

(Muellem et al., 1985). The process by which IP3 releases Ca2 + 1s also un­

) clear. The release ~f Ca2 + by IP3 requ1res GTP', and' the nueleotide has to 

be hydrolyzed, because the effect of GTP (which is able ta release by it-
'" 

self a small amount of Ca2 +), 1s antagon1zed b!5GDP, and i8 not mim1cked 

by non-hydrolysable analogs of GTP (Daw80h, 1985; Dawson et al. ~986). The 
4 

same invest1gators have found a GTP-dependent phosphorylation of two pr~ , , 

teins with Hr 38,000 and 17,000 daltons fram the microsomal fraction. 

Sinee the effect of GTP on the IP3-med1ated Ca2 + release was also depend- ~ 

ent on the presence of the fusogen polyethylene glycol, wh1ch enhanees the 
\ 

bind1ng of the 38,000-dalton protein to t'he microsomal membrane, they have 
, 
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,proposed that the binding of this protein, after a GTP-dependent phospho-

rylation, is necessary for the process. ) 

The second, more sustained phase of'the·[Ca2+]i increase seems to be • - ~ 
maintained through an opening of Ca2+ channels 1n the plasma membrane by 

the Ca2 +-l1nked hormones -(Mauger et Ill., 1984), and inhibition of the 

plasma membrane Ca2+/Mg2+-ATPase (Prp1c et al., 1984). 

In summary, the presently accepted mechanism of honnonal Ca2+ mobi- b 
lization in the hepatocyte is the following: activation of hormone recep-" 

( . . 
tor~ leads to a release from the plasma membrane'of IP3, wh1ch liberate~ 

Ca2 + from the endoplasmiç reticulum, responsible for the first, rapid rise 
1 

in the [Ca2 +]1. The susta1ned second phase of the response is maintained .. 
by an increase in Ca2+ influx through the plasma membrane. The [Ca2+]1 in-

crease is limited by mitochondrial uptake, ~ere the increase in the con- _ 

centration of Ca2+ in the matrlx 1s thought to play a role in the increase 

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

pendent hormones (Burgess, 1987). 
" 

1.3 ELEMENTS OF THE MECHANISM OF TRANSMEMSRANE SIGNALING 

BY Ca2 +-LINKEO HORMONES ( 

1.3.1 Membrane receotors. Nona of the Ca2 +-linked receptors in 

. tha mammalian liver has be~n cloned and sequenced yet, and little 1s known 

about their structure and membrane topography. The presently available 
# 

data about the ~tructure of the ar-adren.ergic receptor, wh1ch is in the ~ 

main line of interest of this thes!s, will be reviewed in the next sec­

tion. Thé vasopressin V1 receptor and the angiotens1n l'I receptor struc­

tura will be mentioned briefiy. 
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1.3.1.1 a,-Adrenergic recactor. The molecular weight· 

(~) of the ràt liver a1-adrenergic receptor has been inv.st1sate~ by 
• three approac~s: 1) hYdr.odynamic methods (gel f~ltration and sucrose 

gradi~nt centrifugation), 2) sodium do~ecylsulfate polyacrylamide gel 

electrophoresis (SOS-PAGE), and 3) radiation inactivation (target s1ze) . ~" 
analysis. The hydrodynamic methods, although applied under non-reducing , 

conditions, require the solubi~ization of the recepto~ with detergenta and 

have yielded controversial results. Using gel filtration and sedimentation 

analysis, Graham et al. (1982) have found that the digitonin-solubilized 

receptpr has a Stokes radiu~ of 49.4 A (eorresponding to a ~ in the range 
..j.--

137,000 - 153,000 daltons), in contrast with the data of Meier et al., 
~ 

(lga4) who found, also for digitonin-solubilized r~eeptors, a much bigger 
, ", 

Stokes radius - 68 A (~ = 251,000 daltons). Data for the Stokes radius of 
- 4 

the detergent-receptor complex, ~btained àfter solubilization with non-
o • 

ionie detergents t also indieate the presence of a high m.w. eomplex 
) . 

(Guellaen et al. 1979, 57 A; Kunos et al. 1983, 60 A). Results obtained by 

this approaeh are not very aecurate,., because it i5 difficult to estimate 
. 

the homogeneity of the solubilized prot~n and the exact amount of deter-

gent participating in the complexa Sueh-high m.w. complexes might also in-
t 

elude ~ther membrane proteins (Bojanie & Fain, 1986; Fitzgerald et al., 

1986). The SOS-PAGE analysis usual~y Yiel~more reliable results, due ta 

the use of standardized detergent and electrophoretic conditions. The 1n­

terpretation of the results from the early studies (1979 - 1982) has been 
" 

eomplieated by the sens1tivity of the receptor protein to proteolys1s 

during ~urifieation (Kunas, 1984; Homey ,nd Gtaham, 1985). Guellaen .t 

al •• (1982),' in a study where .. na ~rote~$e 1nh1bitors w're used, reported.a ' 
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subun1t m.w. of 45,000 daltons; wherea,' Graham et al. (1982) found a m.w. 
" 

of 69,000 daltons. Later on, Kunos et 81. (1983) using several protease 
-.. 

inhib1tors throUgho~t the purification procedure, identifi~ a major '" 
1 

80,OOO-daiton band, as wel~ as ,'a m.inor 58 ,OOO-dalton band, and demon-

" st:a~ed"1::'hat the presence of the hlghe'\'.~. peak depends on the use of 

the 1nhibitors. "(ter studies (Venter et a.L~'. 1984;, Leeb-Lundber~ et al., 

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

SOS-PAGE of the rat liver a1-adrenergic receptor yields consistently more 

than one ~ecifiCal1y labQled peptides, despite ~he rigorous purification 

procedur~s. Therefore, it was a matter of debate whether the Iower mole-

culer weight peptide, which also has ligand-binding capacity, is a product ;-:-

of proteol~Si!. or whether 1t yis a native fonn of the live~ a1-receptor 

"(Kunos, 198~mCY', ~aham, 1985). The first possibllity was inves':' 

t1gated Lundberg et al. (1984), who studied the effect .of, dif-
. 

inhibitors (soybean trypsin inhibitoT, baéitrac1n, l!!upep-ferent proteas 
" .J 

tin~ phenylmethy sulfonyl fluoride and ethylenediamine ,tetracetate (EOTA) 

~n the labeling pattern of the a"1-adrenergic re~eptor from diffÈtrent . " 
tissues. They found that c EOTA was the most efficient proteâse inhibitor, 

whose presence'" decreàsed the proportion of the lower m.w. peptides, and 

conClU,tid that an u~1dent1fied metalloprotea~e was respo~sible far thi; 

.ffecf. A s1mlla r conclusion <was al90 reached by Venter et al. (1984). 
- \ 

.Endogenous proteolysis has also beén iIÏIpl1cated in the heterogeneity' of . - ~ 

o l ;/ " 

the 'labeling pattern 0t: the liver l3-adrenergic receptor (Benovic et aL, 

1983). SOS-PAGE a"!.alys1s is indicative ma1nly of the Mr of the receptor 

sub~n1ts; due to the fact that. the d1sulfide bonds in t}le prote1" are 

reduc.d. The unique. advantage of the third approach, radiation inactiva-
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tion analysis, ~s that it stud1es the .reeeptor in 1ts natural environment, 

, -
1t is not dependent on the purity of the sàmple, and 1t makes 1t possible 

to de .. termit'le the sizé of the funetional unit for several recaptor as-;. f . 
soeiated functions (Hannon ,~t al., 1980). The method r-as' been u~ed by 

several 9rou~~ for the determitation of. the Hr 

reeeptor. For the rat l1ver, t e data obtaiJ:led 

of ~he nativ~ a1 -adren'-rgic 

by Vente r et al. (1984) 11'1-' 

~ieate an H,. of 160, 000 daltons, and siflee the amount of irradiation 

panall~led the loss of the 85,000-dalton subunit of the r,\c,eptor, ,they \ 

proposed tha~ the native receptor 15 a dimer of two 85, OOO-dalton pep-

tides. The a1-receptor in the rat mesenteric artpfY also seems to be "a 
- l' 

dimer (Hr = 12")-3,00.O\"daltons; Agrawal et al., 1986~ whereas in the ~a~" 

)cortex the receJi)tor is probably a monomer (H,. = 85, 000 or less;' LUbbeeke 

et al., 1983; Rank et al. , 1985; Hogiln1eka & Nielsen, 1985). So far, the 

only functional characteristic assessed after radiation inact1v8ti~n of ' 

the receptor has been ligand bindin9, and there' have baen no attemptf to. - ~ 

study the functior'lal size of the agonist-activated form of the rec.ptor. 

Despite the progress' in t_he development of affinity chromatographie 

~ metho~s for the purification of the a1-adrenergie recePtor" and the 

purification of the hormone-binding subunit of the reeeptor: (Graham et 
~ , 

al., 1982; Lomnsney et al., 1986), there is still insuffic1ent d~ta about 

o • -the structu,.e of the receptor and its topography in the plasma membrane. A 

study using inmobilized adrenaline have found that the ligand-binding aite 
1 

of the rêceptor is exposed to the extraeel1tJlar space (Dehaye et al., 
, 

'w198OJ. In a study of the peptides, generated by limited proteolysis of the, 

at-reeeptor from rat liver membranes, Venter et al. (198,4) have found that 

digestion with trypsin, ehymotrypsin and pa pain produce peptides'" 
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62,000, 45,OQQ, 40,000, 27,000, 23,000 and 1,8,000 dalt,?ns. The digestion 

" 

of membrane-bound receptor with chymotrypsin yields water-solubla peptides 
- 4 

with Hr 45,000, 40,000,' 27, 000, 23, 000 and 18,000 daltons, a11 of which 
. , 

conf"ain the ligand-binding site and p~otrude fr~ the the plasma mentbrane 

into the 'extracellular space .,' It was proposed that the Œ1-adrenergic re':"· 

captor has two main parts: an extracellular domain, 45,000 daltons, and a 

40,000-daltons domain, part memb~ane ~,OOO daltons), part cytoplasmie 

(16,000 daltons). The ligand-binding site 1s contained in a 18, OOO-daiton 

part of the extracellular 45~n damain. The Œ,-adrene'rgiC réceptor 

15 a sialyated glycoprotein (Meier et al., 1984). 

1.3.1.2 Vasopressin V, receptor. The Mr "'of the hormone-
i 

bin<ti,\9 subunit· of the vas,opressin V, receptor fram rat liver was found t~ 

Ile 68,000 daltons by SOS-PAGE (Fishman et al., 1987), but radiation Inae-
1 

tivaUon andy.i. 1ndicates a high~ ~ v.1U~ - ~7. 000 11 ton. (C rau.. .t· 

al., 1984). Hydrodynamic measurements of the m.w. of the detergent-

solubilized raceptor indicate a complex with Hr = 258,000 daltons (Bojanic 

& IFa1n, 1986), which also contains tightly bound GTP'-binding protein 

(Fitzgerald et ~l., 1986). fi. 

; 

1 .3.1, t Angiotensin II receDtor. The Mr of the hormol1fJ­

bind1ng subunit of rat l1ver angiotensin II receptor has been estimated at 

64 - 68,000 daltons by SOS-PAGE, following cross-linking with radiolabeled 
~ 

angiotensin II (Sen It al., 1983; Guillemette et al., 1984; 1986). Oete~ 
" 

gent solubilization of the plasma membrane-bound receptor has also shown 
"-

the existence of high m.w. complexes (115,000 and 200,000 dtltons), and it 

has baan proposed that the native raceptor is a dimer of two disulfide­

~ink.d. 65,000 dalton subun1ts (Caponi & Catt, 1980). Similàrly tQ the 
./ ", 
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nicotlnic acetylchol1ne receptor and the TSH receptor, the liver ang10ten-

S1n II receptor has disulf1de bonds essential for ligand bind1ng (Sen et 

al., 1984; Sen, 1985). There are two receptor subtypes 1n rat l1ver: 

high-affinity binding sttes- (Kd ~ 35 nH, B ... x = 372 fmol/mg protein) and 

low-affin1ty bind1ng sites (Kd = 3.1 nM; B •• x = 658 fmol/mg protein). The 

high-affinity receptors are sensitive,lto dithiobe1toi (OTT) treatment and 

appear to be linked to glycogen phosphorylase stimulation, whereas the 

low-affinity receptors are l1nked to adenylat-e cyclase inhib1tign. The ap­

parent Iack of interconversion by OTT treatment or guanine nucleotides 

suggests they represent distinct receptor subtypes (Gunther, 1984). 

1.3.2 Transducer proteines). It is now well established that 

at Ieast four types of GTP-b~nd1ng transducer proteins - G., Gl, Go and Gt 

(transduc1n) part1cipat~ in the transmission of receptor-generated s19-

naIs. Their structure "has been recently reviewed by Gilman (1987). G. 

(stimulatory) and Gi (inhibitory) transmit stimulatory and inhibitory 81g-

naIs to the plasma membrane adenylate cyclase in various tissues, Go 

(abundant in the brain and the heart) is 1nhibitory for the adenYIa, 

cyclase, whereas Gt is confined to the retina and 1s linked to another 

seçond messenger - cGMP. Bes.ides the regubrtion of the activity of adeny­

late cyclase, the G-proteins participate in the stimulation of retinai 

cGMP phosphodiesterase (Gt), the regulation of 10n channels (Gl and Go), 

'Q and in the stimulation of phosphoinosit1de hydrolysis ,(Ql and Go). 

Gilman (1987) l1sts four criteria for 1nvolvement of a G protein 1n .. 
the tr~nsduction of the signal from a receptor: 1. Both an agon1st and GTP 

are requ1red to init1ate the physiologie response. 2. The response can be 

provoked, in.dependently çf the recepttor, by stimulators of the Q-prote1n .... 
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(non-hYdrolYSabl, analogs of GTP, or F- plus AP+). 3. The existence of 

negative heterot~Pic interaction between the ~binding of GTP ta the G 

protein, and the binding of agonist t~ the receptor. 4. Identification, by 

toxin ADP-ribosylat'ion, immunologie methods, or G-protein-lacking mutant 
• 

cell 11nes, 9.f the G-protein. Purification and reconstitution, 1n a cell­

free system, of the components. of the receptor pathway. The following text 

will review, with'respect to these criteria, the,experimental evidence for 
G '~ 

the participation of G-proteins in the signal transduction of the Ca2 +­
~ . 

l1nked hormones in the 1iver. 

The first argument in favor of a possible involvement of G 

proteines) in the signal transduction of the Ca2+-linked receptors has 

come from stuQies 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 decr-ease in the affinity of the 

l1ver a1-adrenergic receptor for adrenaline and noradre~al1ne. In~.:~e ab­

sence of guanyl nucleotides, the Œ1-receptor existed in two aff~ity , 
states, a high-affinity state with Ko 70 nM (- 20~ of the bindin~ sites), 

.. 
and a low aff1nity state with KD 3,920 nM. Guanyl nucleotides converted 

a11 the receptors into the low affinity form. A similar proportion of 
~ 

l~ high-affinity bindin!i sites was reported later by Lynch et al. (1985). If 

() 

GTP-modulation of agon1st binding was found consistently for vasopressin 

and angiotensin II, the data for the a1-adrenergic recept;pr are less 

elear , since several groups have reported Uck of effect of the guanyl 

nucleot1des (e.g.' Hoff~n et al., 1980; Preiksaitis et al., 1982; Wikberg 
" , .e_ al. J 1983). Also, the extent '-~e coupling of the .Œ1-receptor to its 

GTP-binding protein 15 not constan~ 1t seems to be dependant on the re-
• 
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mava1 of the Ca2+ ion from the medium, and ta change with the ag8 of the 

animal (Lynch et al., 1985). 1; ( 

~ As it will be discussed more belaw, the activation of the câz -

, f 

linked receptors results in activation of plasma membrane phospholipasé C 1 

and phosphoinositide breakdown (Berridge & Irvine, 1984). Vasopressin and 

a1-adrenergl.c aganists have been shown to cause a 10ss of IP3 from the rat 
, -

liver plasma membrane (Wallace et al., 1982; Harrington & Eichberg, 1983), - , 

and severAI groups were able ta demonstrate that the plasma membrane 

phospholipase C is modulated by guanine nucleotides. Wallace & Fain (1985) 

have found that GTPrS (a non-hydro1ysa~le GTP-analague) was st~ulating 
'r, 

phaspholipase C in liv~r plasma membranes. At concentrations from 10 to 

100 ~H, GTPrs. induced a concentration-dependent 1055 o~ up ta 20~ of the 
, 

plasma membrane phosphatidylinasitol phosphate (PIP) and phasphatidylino-. . 
• t 

sito1 bisphosphate (PIPd,o and carrespanding increase in IP3 and inasitol 
~ 

bisphosphate (IP2). Two other studies, by Uhing et al. (1985) and Helin et 
l' 

al. (1986) demanstrated that rat liver phosphalipase (; is regulate<t. by 

guanine nucleotides and Ca2 +. The guanine nucleotides decreased the Ca2 + 

requirements of the enzyme and increased its maximal activity. 
" 

Another line of evidence has come f,dom the study of Blackmore et al.-
4 

(1985), .rmw,ing that activators of the G-prota.ins are able to mimic the 

effed:s ~f Ca2 +-linked hormones on hepatocytes. These investigators have 

shawn that t~e addition of AI!+ plus F-, known to cause d1~soc1at1on of 

the subunits of G. and Gi (Katada et al., 1984), to rat hepatocytes, a1so 

praduced'activation of glycogen phosphory1ase, a. rise 1n (Ca2+]1, 1ncrease 
1 

1n the cytosolic concentrations of IP3 and diacylglycerol (OAG), and a 

decrease in the membrane content of PIP2 •• 
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Al! tt1e ~bove studies 'have produce.d circumstantial evidence for the 

involvemenf of a G-protein in the signal transductio~of the Ca2 +-mobi­

lizing hormones in the liver. For 'a direct proof Tram such an interaction, 

a purification of all the oompQnents of the s~tem' - the receptor, ,the 

transducer and the effector is needed, ançi after that they could be 
. 

reconstituted in a ceH-free system (e.g. phospholipid vesicles) and their 

interaction can be studied. 50 far, only methods. for the purification of 

the a1 -adrene rgic receptor (Graham et al., 1982; Lomasney et al., 1986) 

and plasma membrane phospholipase C (Deckmyn et al., 1986) in active state 

are available. The attempts to ident1fy the transducer proteines) involved' 
.. 

have been unsuccessful. There are two bacterial toxins, cholera tox~n and 

the pertussis toxin, which AOP-ribosylate G. and Gi, respectively. Neither 

of them interferes with the receptor binding characteristics or the 

8gonist activation of glycogen phosphorylase in the liver (Lynch et al., 

·1986; Uhing et al., 1986), and no mutant ce II line, missing some of the 

components of the Ca2 +-linked receptor system is available yet. For these 

reasons, the molecular characterization of this receptor system is still 

18ggin9 behind that of the j3-adrenergic receptor system . 

1.3,3 Effector. As mentioned Aboye, there is a weIl 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 phospholipfds. The stimulatior of the se receptors leads to 
J 

incorporation of !2~ into phosphatidylinositol (PI), but not into other 

major phospholipids (Tolbert et al., 1980). PI is sequentially phospho­

rylated to fonn phosphatidylinositol 4-phosphate (PIP) and phosphatidyl-
,{) 

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

continually reversed by specifie phosphomonoesterasas sa that all the 

lipids are in equllibrium. It was establ1shad that the Ca2 +-1inked tlor-
~ 

mones induee a rapid breakdown of the plasma membrane PIPz, and this ef-

fect was only partiall)(. decreased by removal of tha extracal1ular Ca2+, 

and relatively -independent of the levels of [Ca2 +h. It was noted also 

that the Ca2 +-ionophore A23187 was not able to mimie the effects of the 

Ca2 +-linked hormones on the phosp,JW.j ........... tide metabolism. These results lad 

th'at the initial event i'1 the hor-

monal activation was the increaseI~he breakdown of t.he polyphospho­

inositides, whiçh was leading to an inerease in the [Ca2 +)1.. The mammalian 

eell has a variety of phospholipases 7 whieh partieipate' in the catabolism 

of dietary lipids and in the metabol1sm of structural membrane p/:lospho-

lipids. These enzyme~ have been divided into four groups with respect ttJ 

the specifieity of their action: phospholipases A1 and Az remove the fatty 
, \ 

acid from position 1 and 2 of the diacylglyeerophosphol1pids, respec-
, 

tively. Phospho11pases C hydrolyze the glycerophosphate ester bond of 

phospholipids to yield diacylglycerol and phbsphobase moiety, wheraa's 

phosphol1pases 0 release phosphatidic acid fram the phospholipids. Phos-
'/ , 
phoUpases Az ar~fin~olved in the control of the synthesis of eikosanoids 

. 
and platelet-activating factor, whereas mammalian phosphol1P.Jses C spe-

e1fi"eally degrade inositol phospholipids (Daniel, 1985). It is now pre-

~;.' sumed that there exist two types of phospholipases C. The first type are 

soluble enzymes, which metabolize aIl taree phosphoinositidas, wh!le the 

second type are membrane bound enzyme(s), which are polyphosphoinos1tide-

specifie (Deckmyn et al., 1986) and ra9Ul.t~ Ca2
' 
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tides (Uh1ng et 1J.l., 1985; Malin et al., 1986). The phosphol1pase C-me-
l 

diatad hydrolysis of plasma membrane PIP2 yields two substances with 
~ 

second niassengCfr functions: IP3 and DAG. As with other, previously iden­

t1fied second messengers, their concentration 1s ~trolled within strict 

boundarias by specialized systems: IP3 is sequentially degraded t:I'y spe­

ci fic phosphomonoesterases to IP2, IP and Inosit,01 (Storey et al., 1984), 

and OAG Is metabolized by the OAG kinase to form phos~hatidic acid. As 

mentioned above, the main function of IP3 15 to trigger the release of 

Ca2 + from the endoplasmic reticulum. On the other hand, DAG has been shown 
\ " 

to induce, concomitantly with the increased [Ca2+Ji, an activation of the 

cytosol1c enzyme protein kinase C and its subsequent translocation from 

the cytosol ta the plasma membrane (Hirasawa & Nishizuka, 1985). Thus, in 

contrast to the cAMP-linked receptors, the propagation of the signal of 

the Ca 2+-linked receptors occurs through a dual messenger system, result-

Ing in parallel activation of two classes of protein kinases: calmodulin-

dependant and calcium-phospholipid-dependent enz·ymes (protein kinase C). 

In this complex picture, the function of protein kinase C is still less 

clear than the other aspects of the receptor mechanism of the Ca2+-tinked 

receptors. In contrast to other systems, in hepatic glycogenolysis protein 

kinase C activation by phorbol esters has no synargistic effect on the 
, , ~ 

, hormonal st1!nulation (Lynch et al., 1985). Interestingly, the enzyme ac-

tivation has a differential effects on the function of the Ca2 +-linked 

receptors: 1t inhibits the at-receptar responses (PIP2 breakdown, Ca2 + ma-. 
, 

bllization and phosphorylase activation; Corvera et al., 1986), ""but only 

slightly reduces the affects of vasopressin (Cooper et al., 1985), and 

do.sn't influence those of angiotens!n II (Corvera et al., 1986). And 
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sinee the effect of phorbol esters mim1es the vasopressin and ang10tens1n 
, 

II-induced block of the a1-adrenergic affects in hepatocytas (Garèia-Sainz 

et Ill., 1986), it is possible that protein kinase C might play a regu-
-1 

'latory role in the function ,of the Œ1-adrenerg.ie receptor. This idea is 

also supported by the implication of protein kinase C activation in the 

interconversion of the adrenergic control of glYC09o/10lysis in cultured 

hepatodytes, foul)d racently by Kunos st Ill. (1987). The mechanism of the 

regulatory change is not elear, but accumulaiing evidence points to a 

direct effect on the receptor protein. A recen~ work of Bouvier et al. -........, 
. ~ . 

(1987) have demonstrated that protein kinase C phosphorylates the Œ1-

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 metabol1sm" (Leeb-Lundberg et 

al., 1985), might indicate the existence, for the Œ1-adrenergic receptor, 

of a regulatory mechanism similar to that described for the /3-adrenergie 

receptor (Sibley et al., 1987). 
&-
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1.4~TATEMENT OF THE PRQBlEM 

In the last'S years, there have been considerable advances in the 
,~ 

understanding of the structure and function of the Ca2 +-linked hormone 
r receptors in the liver. Similarly to the study of the principles of func-

tion of the cAMP-linked honmones, the progress in this area of knowledge 
~ 

comes through the isolation and the study of the ce II m~mbrane components 

D for transmission of the hormonal signal, and their mode of regulation. The -
'liver of the male rat 1s a widely used model for such studies. This organ 

15 r1ch in a1-~~rëne. rg1c rec~~tors, and in most of the studies ta dat&,it ,-
l, ~~ 

has been the vehicle for the molecula~ characterization of the hormone-
~ 

binding subunit of the receptor. The existence of weIl establis~ed methods 

for isolation and i~ vitro culture of hepatocytes ~ffers also the pos­

s1b~lity to study the function and the mechanisms of regulation~of the 

Ca2+-linked receptor systems. In the mammalian liver, the a- and B-type~f 

adrenergic receptors are present, and, unlike in other systems, they are 

both coupled in a stimulatory fashion to the same physiological response, 
~ 

liver glycogenolysis,' One of these receptor subtypes, the a1-~eceptor, 1s 

predominant in the malé rat, but this p~edom1nance is able to shift to -the 

other type of adrenergic receptor under some experimental and pathological 
, 

conditions. Since the shtft appears in cultured liver cells, they repre-, 

sent 50 far a unique in vitro model for the study of the regulatory 

mechanisms involved in the change. 

The work of the present thesis was or1ented towards three goals: 

1) to study soma of the regulatory mechan1sms involved in sh1ft of the 

adrenergic control of the glycogenolys1s in the rat liver; 2) continue the 

study of the hormone-binding subunit 01 the 
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biochemical and invnunological methods; 3) to study the mechan1sm of 

agonist activation of the a, -adrenergic and the vasopressin V, receptors 
" 

in the liver. 

To ach'ieve these goals, we hav-e 1) studiad the affects of modul~tors 

of the actlvity of plasma membrane phospholipase Az on. the conversion of 

the adrenergic control of il-ycoganolysis in ls01~ted hapatoe,ytas; 

2) studied the effects of /the eross-linker disueeinimidyl subarate on the . 
agonist activation of the a,-adrenergic and the vasopressin V1 receptor in 

? isola1fed hepatO&ytef; 3) made a partial purification of the hormone-

... 

o 

binding subunit of the a,-adrenergic receptor from rat .liver membranes and 

tried ta purify and sequence the [3H]POe-binding site; 4) devaloped and 

characterized rabbit polyclonal antibodies against the rat liver a1-

adrenergic receptor; 5) studied the pharmacologieal eharactaristics of a 

novel irreversible a1-adrenergic antagonist: I-phenoxybenzam1ne • 

... 

• 

• 
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2. 1 MATERIALS 

2.1.1 DRUGS. L-arteranol bitartarate, l-phenyllphr1nl (PhE). 
. 1 

[Arg8 ]Vasopressin (AVP), l-isoproterenol and mellitin were froqt S1~ 

Chemieal Co. Phenoxybenzamine HCI (POB) and Prazosin wera gen.roua 9ifts 

from Smith, Kline and French and frnm Pfizer respect1vely. [4-(tart­

but~~amino-2-hydropropoxy}benz1midazole] was from Amersham. Oisuc­

cinimidyl suberat~ ('OSS) was from Pierce: C~mical Co .. 
, - cf), .. 

2.1.2 RAOIOLIGANDS. a-D-[14C(U})-glucosa-1-phosphate (322 

mCi/mmol), [Furoyl--5-3 H]Prazosin (10-30 Ci/mmol). [7-methoxy-3H]Prlzosin 

('70-87 Ci/mmol), (3H)-Phano~ybenzaniina (3H-POB, lot 2189-176, 41.57 Ci/-
\" 

mmol) and 2-(4-(4-azido-3-[125I]iodo-benzyl)piparazin-1-yl]-4-amin0-

6,7-dimethOXYQUinazoJine ([ 12·5I]~rYlaZidOpra~~in, lots N403256, ~"03070 
1 -, \.: 

and N403024, 2200 Ci/mmol) w~re from NEN. [3H]CGP-12177 (30'-80 C1!mmol) 

was from Amersham. 

2. 1. 3 OTHER MATERIALS AND EQUret1E,NT. 
. 

Isolation of hepatocytes and melsurement of' Dhosoh9qllll « IC-

tiyity: NaHC03 and glucose 'we~a fr~ Fisher, gel~in was from Difeo. 
,- 1 <l l.« 

Glycogen type III" a-D-glucose-1"..phosphate and collaganase (EGb 3.4.24.3) 

were f~arfusions we~a dona using il paristaltic pu~p ~~d. 

1203, Harvard Apparatus), incubations in a Tharmomix 1440 incubator (B. , , 

Brann Helsungen AG) and Shaker Water Bath (mod. 406015, American 
o \ 

Optical). 

~ SOS-PAGE: SOS, acrylamide, BIS, Coomass~e Brilliant Blue R-250, Am-

menium ,:Iersulfata, TEHED and glycine ware electrophoras1s grade,_ f;om " 

B1o-Rad. Trisma Base (Tris) was from Sigma. Dith1othraitol (OTT) was from 

Calbioehem-Behr1ng Co. MolecJlar wight markers were" from' B~o-Rad and, 
... 
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Sigma. Eleetrophares1s was~de with Protean dual vertical slab gel 

eleetrophoresis eell (.8io-Rad), with Heathkit regdlated H.V. p.ower suppl y 
, ,~. 

" \ 

~1&I.&.lI:.:z.ax.z.z.az.J:.;:u.' Genelereen hybridizat10n trarrsf.er membrane was from \... 

NEN, • N0l'!idet P40 - fram Shell, and 4-chlaro-:.1-naphthol - fram Aldrich. 
\ :.J _'" 

'Peroxydase eonjugated-goat ant1-'rabbit 19G (wllole molecule) and bovine 
, r 

serum all:Jumin ~re fram ISigma. Protein transfer was made ~ith Trans-8lpt. 
o 

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

o 

plasma membrane Solub1l1zation: Triton X-100 and glycerol were from 

:J. T. Baker Chemieal Co. Digitonin (lot 84010) was fram Galard Sehle-
• 

singer. CHAPS, EGT'A, 1, 10-ptlenanthroline, bacitracin, trypsin inhibitor 
, ~ 

type ~-.s (STI), and phenylmethylsulfonyl fluoride (PMSF) were from Sigma. 

Homogen1zation,was made with a Polytron homogènizer"Ciype PT 10/35, 
1 .-

K1nemât4a GmbH). Samples were centrifuged using a l3-40 Beckman ultra-

~entrifuge and a T-4Qo rqtor. '\ 

Gel filtrat1oni~~hadex G-200 sf (lot F116421), Sephacryl S-400 sf . . ~ / 

(lot GB19066),~ Sepharose CL-4B (lot II32318) an~ gel filtration caiibra-

tian kit Clot 1F047A) .WEV'S fram" ~harmacia. Calumns weret from Pharmaeia 

"" -and 8io-Rad. pe,riS~tiC pu~p (Hicropex 2132) and fraction collector 

,(Multirac m 1) ~er. fram LKB. 

wti.ot serm o9slutinin (WQA)-affinity chrpmatography: d) A~alvtiçal 
o 

chromatogrlDhy - WGA-agarose (lot 423608) was from P-L Biochemicals, 0 

"' '" 
In'e.; B) PreDllrative çhrOtnlltogrMlhy - WGA-agarose (lot 021610 and 030602) 

Q 

'wos froftt E-V Labs: Inc. B-N-acatyl;>-glucosamine (NAGA, lot 64F-0697) was - , 

fram S19111A. 
" " , 

, " 
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o Plasma membrane isolation: A) Hetht;d of' Neville; Sucrase (Ultra 
, ' 

• 
Pure, lot 06879) was from S,s:hwarz/Mann Biotech. Centrifugation wes don. 

on Ll-40 Beckm,an centrifuge with rotor SW 28' at 24,000 rpm and on a Sor-
1 J'../ 

t) vall RC-5 centrifuge. with rotor SS-34 at 17,000 rpm. B) Hethod of eCQjc 

et ~l.; Percol! (lO~ M~ 023~ from Phannacia. 

___ Concentration: Dialysis tubing (cat. No 8-667 A) was from' F1sher, 

~~uacide II-A o;J/rom Calbiochem-Behring Corp., YM 10 u~trafiltration , 
(~, ® 
-membrane and Centriflo membrane cqnes (type CF25) - from Arnicon. Con-· 

~ , 

ce'ltratian was made using Ultràflltration Cell (mod. -8200, .~icon), and 

lYOPhlliZati6~ - uS,ing Freeze Dryer 8 (LabCo~~o). ~ i 
-; 

Immunization of ra~bits: Freund' s complete adjuvant was from ~bco 

Laboratories) . 
c .. 

Protein "digestion: Trypsin CEC 3.4.21.4), \ype XIII, TPCK-treatad 

(lot 55F-8065) was from Sigma. 

Thin layer chromstograchy (ILC) i Silica Gel Gand C18 TLC plates, 

\. 250 jJ thick, were from Analtech, Inc. Solvents, analytical grade, wer. 
l 

1J.~1sher. POS was visuaÜzed by exposure to iadine vapors, and~-POé 

was quantitated by scanning with. nc plate scanner. 

Reverse phase (RP) and gel permeatian (GP) HPLC; Al AoalyUc41 Re 
\ 

~ was made with a ~ndapack C18 column, (0.5 x 30 cm, Waters); 

,\.,81 Prepsrative RP HPLC - wlth a C18 column (type 201HS10n, 1 x '25 ~, 

~dac); cl GP HPLC - with calumn 1-60 (No T20961K03, Waters Ass.;. Sol-

vents were HPLC grade from Fisher. For HPLC we used a model 6000A Solvant 
~ 

Delivery System, a model M45 pump, model U6K injector and a modal 660 

solvent mixer, aIl from Waters. UV absorption was measured w~th Lambda­

Max Model 481 LC spectrophatometer (Waters). aH was measured on line wi~h 
\ 

l 
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a Ramona flow scintillation detector (Ra~t), using a 0.6 ml yttrium 

silicate ce Il (Ray test) , at 5% efficiency. Data were collected and 

processÎd with PC (Ray test, Inc) using Triple Trace standard program 

(ver. 5.4e, Nuelear Interface GmbH). Fractions were collected with a 

Helirac 1212 fraction collector (LKB). 

Eguilibrium receptor labeling; Polyet~len1mine (PEI) was fram 
; . 

Sigma, Carbowax PEG 8000 (PEG) - from Fisher, r-Globulins (Bovine Cohn 

Fraction It) '/'Î. from Sigma, and GF/B or GF/C glas&'fiber f1lters - from 
'\.' " "'- -4 

Whatman. Incubations were terminated by vacuum filtration using 1225 Sam-

pling Manifold Filter Holder (Millipore). \ 

photoaffinity receptor labeling: The UV lamps used were UVS-11 

(M1neralight) and 450 W mercury vapor lamp (mod. H400-E1T, General 

'Electric). Photolysis wes done in 2-ml quartz'cuvettes with 1 cm lighi 

path (pyrocell Mfg. Co.). 

Bad10actiyitr counting: A) aH was measured with BackBeta 1211 Liq-

uid Scintillation Counter (tKB-wallac) et 40-53% efficiency. The sample 
, 

was solubilized in Formula 963 or in 4% Protoso! 1n Econofluor (NEN). 

Bl '\ was measured using Formula 965 CNEN) with RackSeta 1211 LSC at 94~ 
efficiehçy. C) 1251 was measured with CG 4000 Gamma Counter (IN Inter­

technique), st 70~ efficiency. 
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2.1.4 ANIMALS. 

Production of antiserai White New Zeeland rabbits, male, 3 - 3;>5 kg 
(Fermes des Chènes Bleus, Québec). 

Isolation of heDa~CYtes: Sprague-Dawley rats, male, 300-360 9 
" ~ 

(Charles River, Québec). 

Isolation of rat liyer plasma membranes; Sprague-Dawley rats, .mal., 

retired breed~rs, >400 9 (Charles River, Québec). ~ 
) 

' . 
.. 
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c 2.2 HETHOPS 
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v " 
2.2.1 PREPA~TION OF LIVE~ CEriS r'\ 

Hepatocytes were isolated'from livers of mÎle rats by the method of 
. -

Berry & Friend t1969) with sorne modifications (Preiksaitis & Kunos, 1979; 

Preiksaitis et al., 1182). ~ats were anesthetized with sodium pentobarbi-

tal (50 mg/kg i.p~) and heparinized (500 I.U./kg-i.v.). The abdominal 

cavity was opened an 

calcium-free Krebs-H 

1.2 mM MgS04, 2.2 m 

the liver was perfused~rOUgh the portal vein with 

seleit bicarbonate bUf~r (115 mM NaCI, 3.7 mM KCl, 

and 20 mM glucose; Krebs & 

Henseleit, 1932), for 10 min at a flow rate of 30-35 ml/min. Ou ring this 
~'-J ~~ 

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

~~reperfusion the medium was changed to 100 ~: Krebs-~enseleit buffer with 

Ca'· (2.5 mM) ai crude collpgenase (0.05:1:), and the pe~ion was con­

tinued, with recycling, for an~ther 25-30 min. The pH o}~ ~ium was 
~..f 

monitored~and maintained betwe~n 7.0 and 7.4 by the addition of NaOH. 

Throughout the perfusion period, the medium was bubbled with 5~ C02 in 02 

and ma1nta1ned at 37 ·C. At the end ~ the collagenase perfusion, the 

liver was disrupted by gentie combing and the suspension of hepatocytes 
.... 

1ncub~ed in a shaking incubator for 10 min, under continuous oxygena-

tian. At the end of the incubation, the cell suspension was f1ltered 

./ through 4 layers of gauze and a nylon nfesh and washed ftom the colla­

genase by centr1fugation (2 min at 50 x g) and resuspension in collage­

nase-free buffer. The final cell pallet was resuspended in Ca2+-con-

tain1ng Krabs-Henseleit buffer, supplemented w1th 1.6' gelatin. The cells 

obta1ned by this method routinely displayed >95' v1abil1ty (by the Trypan 

\ 
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o Blue exclusion method). Ce Il density was measured by detenmi~at1ng 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 centç1fuge. e 

preincubated for 30 min before use. 

cytes: Isolâted hepatocytes were exposed to receptor 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 

syberate (DSS): Isolated hepatocytes were treated with DSS as described 
" 

~ 

by Pilch & Czech (1979). Hepatocyyés, suspended at a concentration of 20 
/ + 

mg/ml, were treated with 1 mM DSS (dissolved in DMSO, delivered as 1~ of 

the total volume of the ce~suspenSion) for 5 min. The reaction was 

quenched by the addition of 0 mM of ammonium acetate, folloied by two 
\ 

~ washes by centrifugation and resuspension of the hepatocytes in fresh 

o 

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

2.2.2 GLYCOGEN PHOSPHORYLASE ACTIVlTY 

Glycogen phosphorylase activity was measured by the method of Stal-
,JI" 

mans & Hers (1975) and Thomas et al. (196~·). Ten ml of the hepatocyte, 

suspension (2 mg/ml) were used for determination of the activity of 

glycogen phosphorylase. The cell suspension was incubajed in 25-m1 Erlen­

meyer flasks, at 37'C and under 5~ C02/95~ 02 atmosphere. The shaking in­

cubator was set' at 90-100 cycles/min. Drugs were added in 10 ~l volumes. 
t 

After 3 min the cell suspension was transferred into a 15-ml test tube 

and centrif~ged for 30 sec in lEC (model CL) table-top centrifuge. The 

cell pellet was immediately homogenized 1n 1 ml 1ce-cold glycogen phos­

" phorylase assay buffer (50 mM morfolinosulfonic acid, 0,5 mM caffeine, 

28 
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c 

150 mM NaF, 2,5 ~ EOTA, 2.0 mM OTT, pH 6.5). The homogen1z~tion was done 

with Polytron (setting 6) for 10 sec. The ~omogenate was"centrifuged for 

10 min st 3000 x 9 and duplicate aliquots of the supernatant were used 

for measurement of the activ1ty of the enzyme. 50 ~l of the supernatant 

an~ 50 ~l of assay buffe~ (91YC09~OSPhOrYlaSe assay buffer,. conta in­

ing 1 g% glyeogen, 15 mM [14C]-glueose-1-phosphate) were incubated for 30 

min at 30·C. The reaetion was terminated by spotting 50 ~l of the assay 

mixture on Whstman 41 fllter paper dises which were washed 2 x with iee-

cold 66% ethanol and once with aeetone. 14C was measured by liquid scin-, 

tillstion eounting. The activity of glycogen phosphorylase was ealculated 

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

protein in the supernatant. 

2.2.3 LIVER PLASMA MEMBRANE PREPARATION 
• 0 

Method of Neville (1968): Plasma membranes were prepared by 
1 

the met~od of Neville (1968), as modified by Wolfe et al. (1976). AlI 

operations were performed st 4·C. The liver was minced with scissors in 

20 volumes of 1 mM NaHC03 and homogenized. The homogenate was filtered 

through 4 layers of gauze and centrifuged for 10 min st 4,000 g. The pel-

let was resuspended in 1 mM NaHC03 and mlxed with 2 vol 69% (w/w) 

suerose. After 10 min stirring, the homogenate was transferred to ultra-

centrifuge tubes and overlaid with 42.3~ (w/w) sucrose. The preparation 
<, 

wes eentrifuged for 2 hr. at 100, 000 g. Plasma membranes were eollected 

fram the. top of the upper layer of sucrose, washed 2 times with 50 mM 

Tris, 1 mM MgC12 and stored at -70'C until used. Method of Proie et al. 

(1984): Start1ng mater1al were 1solated hepatocytes, washed with 

29 

1 

(1 



\ 
) 

· ...... _. __ ._ .. _---------------

, 
gelatin-free Krebs-Henseleit buffer. The hepatocytes were pelleted by 

centrifugation and hprnogenized by Polytron (sett1ng 5, 2 x 5 sac) to g1va 

6~ (w/v) homogenate, in ice-cold buffer (250 mM sucrose, 5 mM HEPES-KOH, 

1 mM EGTA, pH 7.4). The homogenate WBS centrifuged at 1,464 9 for 10 min 

and the pellet was resuspended in the same buffer to give 6X suspens~on. 

10.4 ml of the suspension were mixed with 1.4 ml of Percoll (11.9' final 

concentration) and centrifuged at 34,540 9 for 30 min. The plasma 
~ 

membra~es were collec~ed from the s~cond 1ayer from the top, washed 2 x 

with 50 mM Tris, 1 mM MgC12 and stored at -70"C in the seme buffer. 

Treatment of rat liver plasma membranes with disuccinimidyl subers.e 

COSS): Rat liver plasma membranes were diluted ta 0.2 mg/ml in 50 mM 
1 

potassium phosphate buffer, 1 mM MgCl2, pH 7.4 buffer, at 37"C and ex­, 
--.." - "-'1 posed ta 1 mM OSS (delivered in·OMSO 1n l'of the volume of the sample) 

o 

" for 5 ,min. The reaetion was quenehed by 10 mM ammonium acetate, followed 

by 2 washes by centrifugation and resuspension in fresh buffer. 

2.2.4 SOS-POLYACRYLAMIO~ GEL ELECTROPHORESIS (SOS-PAGE) .. 
One-dimensional SOS-PAGE was done us1ng a modified discontinuous 

buffer system (Laenvnl1, -1970; Laenvnli & Favre, 1973). SamQ}es for elac­

trophoresis were solubil1zed for. 20 min at BO·C, cooled to room to and 

~pplemented with 0.1 M dithiothreitol. Particulate matter was removed by 

centrifugation for 3 min 1n an Eppendorf centrifuge. Up ta ',40 jJg of . 
protein, 1n a maximal volume of 100 jJI, were applied to the weIl. Mole-

cular we!ght standards and samples were applied always in equal vOlume~ 

separati~was made using 3 mm-th1ck ru~n1ng gels, containing 6, 7.5 or 

10~ ~lamide and a 4x stack1ng gel. Electrophores1s was carried out a~ 
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constant voltage, with 1nitial currents of 5 mA/weIl (1 h) for stacking, 

and 10 mA/weIl (~.5-4 hr.) for separation. For measurement of radioac­

tivity, the gels were sliced into 3 mm-wide slices. 3H was measured fol­

lowing digestion of the gel slices w1th Protosol (2 hr., 60·C). The lanés 
W~~ 

w1th the molecular welght standards~tained with Coomassie Brilliant Blue 

R-250. 

2.2.5 TRANSBlOTTING ~ 

Electrophoretic -transfer of proteins from.sDS~PAGE gels ta nitro~ 

• cellulose paper was made according ta Towbin et al. (1979). After the 

SOS-PAGE was completed, the gel was placed in a sandwich of filter paper, 

w1th the nl~cellUlose sheet layered over one of its sides. The sandwich 

was placed, with the nitrocellulose sheet facing the anode, -in the trans­

blottin~ appa tus ànd~maintained 0.2 A for 4 hr., with water CoOl~g. At 

the end of the transfer, the nitrocellulose paper was cut into st~s 
corresponding to the different wells of the SOS-PAGE gel and incubated 

separately. First~ the ffee binding sites of the nitrocellulose paper 

were blocked wlth 5~ bovine serum albumin in 10 mM Tris 7.4-saline and 
. 

incubeted with 1:10 dilution of antiserum for 90 min et room temperat~re. 

The antlserum wfS 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-rabb1t IgG. The latter were visual-, . 

ized by treatment w1th 50 mM Tris pH 7.4, 30~ H202, 0.4 mg/ml 4-chloro-
~ r 

1-naphthol. 
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2.2.6 GEL FILTRATION 

Separat~on of rat liver plasma membrane components by gel filtra-

tion was done as described first by Porath & Flodin (1959). A) Analytical 

gel f~ltratlon exper~ments were performed uSlng Sephsdex ~ sf and Se­

phacryl S-400 sf. The volume of the sample w~s kept st 1-2~ of the total 

volume of the separating gel. The flow rate was kept at 2 ml.cm- 2 .h- 1 • 

Hl Preparative gel filtration was made on Sepharose CL-4B, usin~ a flow 

rate 4 ml.cm- 2 .h- 1 • AlI experiments were performed at 4'C with pr9viously 

degassed buf rs. Colümns were calibrated in separate runs using ap-

propriate mole ular weight standards. 

2.2.7 RECEPTOR SOLUBILIZATION 

AlI operations were carried out at 4·C. The plasm~ membranes were 

pelleted by centrifugation for 10 min at 35,000 9 and homogenized in 

SOIUbili~~n buffer containing 50 mM Tris, pH 7.4, with 10 mM MgClz, 

0.1 mM 1,10-phenanthroline, 10 /-lM PMSF, 10~g/ml bacitrac,~n, 1 .... g/ml ST! 
'" 

and 5 mM EDTA. Detergent to protein ratio was 2:1 to 5:1. Triton X-100 

was used at a final concentration of 1~ (v/v) (KunQ$ et al., 1983), CHAPS 

- 10 mM (Hjelmeland, 1980) and 'dig~tonin - 1.36~ (Graham et al., 1982). 

The preparation ~as shaken for 30 min and centrifuged 1 h at, 100,000 g. 

The pellet was extracted with 1/2 volume of the solubilization buffer and 
, . . 

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

until used. 
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2.2.8 BINDING ASSAYS 

2.2.8.1 [3H1Phenoxybenzamine binding assay: Labeling of rat 
1'1 

liver a1-adrenergic receptors with 3H-POB c was as described by Kunos et 

al. (1983). Plasma membranes were diluted in 50'mM Tris pH 7.4, la mM 
~ 

~gC12 ta 0.1 mg/ml. 3H-POS was precyclized for 1 m~n at 37"C in the same 

buffer and added to the plasma membrane suspens~on (precoàfed to 10'C), 
. ~ 

to a final concentration of 1 nM. After a 4 min incubation~(unbound ra-

dioligand was removed 2 cycles of centrifugation (20,000 x g, 5 m~n) and 

resuspension in fresh, 1ce-cold buffer. Specifie binding was defined as 

the difference between the 3H-POB boûnd in the absence of compet~tor 

(total b1nding) and in the presence of 0.1 ~M Prazos~n (non-specifie 

bind1ng) . 

2.2.8.2 [3dprazosin binding assay: B~nding of 3H-praz~sin to 

(\ rat liver Œ1-adrenerg1c reçeptors was assayed at ~ 1 'c, usin'fso-1 00 ~g of 

protein/assay, in a buffer of 50 mM Tris 7.4, 10 mM MgCI2. ihe final con-
( , 

centrat~on of [Furoyl-5-3 H]prazosin was 1 ~M, and of [7-methoxy_3H]pra-
c' 

losin - 0.4 nM. Incubation was carried ~ut~o~ 30 min, and was terminated 

by vacuum filtration onto GF/C filters, washed rapidly with three 4-m1 

. aliquots of the same buffer at room to. Specifie binding was calculated 

from the difference between the binding in the absence and presence of 

2 ~M phentolamine. Radioactivity was measured by LSC. 
~ 1 

2.2.8.3 [~CGP-12177 binding assay: Binding of 3H-~P-12177 
• ta rat"liver B-adrenergic receptors was assayed at 31'C, using 1mg of 

1 

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

carried out for 30 min and was tenninated by vacuum filtration onto GF/C 
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filters. Filters were washed rapidly w1th three 4-m! aliquots of the same 
. ~ ( 

buffer. Specifie binding was defined as the difference between bindihg of 

the ligand in the,absence and presence of 300 ~M l-isoproterenol. 

2.2.8.4 125I-ArylazidoDrazosin b1nding Assay; Photoaf­

finit y labe1ing of rat liver a1-adrene~g1c receptors was done according 

'to Graham et al. (19é4). The composition of the binding buffer was 100 mM 

Tris pH 7.4, 1 mM MgCI2, 5 mM EDTA, 0.02~ NaN!, 0.1 mM PMSF, 10 ~g/ml 

bacitracin, 1 ~g/ml STI and 1 ~g/ml leupeptin. Plasma membranes, at a 
-

protein conc~tration O~0.5 mg/ml, were incubated with 0.3 nM of the 

ligand for 45 min, at 25'C in the dark. Photolysis was done in quartz 

cuv .. tes, fo~ 20 s, 10 cm away from a 450 W mercury vapor UV lamp. The 

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

2.2.9 PREPARATION OF LIPOMODULIN AND MONOCLONAL ANTIBODY 

TO LIPOMODULIN 

iipomodulin and monoclonal antibody to lipomodulin were , 

prepared in the laboratory of Dr. F. Hirata (Laboratory of Cell 8iOl09yi 

NIMH, 8ethesda, HO). Lipomodulin was purified fram culture medium of rab-

bit peritoneal neutrophils (Hirata, 1981). SpecIfie antilipomodulin mono-
• 

clonaI antibody was isolated by screening,monoclonal antibodies raised 

against rat c~èbral synaptosomes. 
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" 2.2.10 PREPARATION OF ANTISERUM AGAINST RAT LIVER Œ1-RECEPTOR 

Antisera were raised in rabbits. The antigen was prepared by 

solub11izat10n of rat 1iver plasma membranes with 1% Triton X-100 and gel 

( 

", \ '-~' ) 

filtration on Sephadex G-200 sf as described 1n fig.8 and by Kunos et al. 
~ . 

(1983). The fractions corc~sponding to the elution point of the 3H-POB-
, J 

labeled Œ1-adrenerg1c receptor were pooled and concentrated 10-fold. The 

rabbits were inoculated i.m. with 0.5 mg protein/injection, dilut~d Jtth 

an equsl volume of complete Freund's adjuvant. AnimaIs were boosted at 

2 week-intervals with the same amount of ~t1gen s.c. Blo~d was collected 

fro~sr vein starting one month after the first inoculatio~, in 10-ml 

pçrtions ~ 2 week intervals. -After clotting st room to, the serum was 

separated tihèentrifUgat10n at 3,000 9 and was stored ,-at -70·C untll use • 

. .7 

2.2.11 WHEAT GERM AGGLUTININ CHROMATOGRAPHY 

Analytical WGA-affinity chrQmato9raphy was done as descr1bed , 
~ 

by Kunicki et al. (1981), USi~9 2 columns of ln ml of WGA-agarose. The 
, . 

experiment wss performed at 4 C. The start1ng mate rial was rat liver 

plasma membranes, labelèd with 3A-POB and partially purified by gel 

----. filtration on Sephadex G-200 sf. Samples labeled 1n absence ("total") and 

in presence of competitor ("non-specific") were processed in parallel. 

The sample (1-2 ml, 20-30 ~g protein, in 50 mM Tris/1 mM MgC12 buffer 

containing 0.1~ Triton X-100, 0.2 M NaCl and protease inhibitors as indi­

cated aboya) was appl1ed to the column' and recycled fO,r 90 min, at a flow 

rate 5 ml/ho The column WBS washed with 8 volumes of sample buffer and 

the glycoproteins were eluted with 0.2 M P-N-acetylglucosamine in sample 
c • 

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 sampie buffer. Preparative Patch MiA-.ffinity " 

chromatography was made with 2 x 20 'ml of ,,!GA-agarose, uS1ng as starti~Q 

material 3H-POB labeied rat liver"plasma mem~ranes, partially p~rified bY', 
; b ~ 

gel filtration on Sepharose CL:4~. The sam~le (2-3 ml, 6-10 m~ protetn) , ' " , 

was incubated witn the WGA-agarose for. 30 min at~7:C in" a ~haking in~ 
q ~ • , 

cubator" The gel 'was transferred. onto a papê'i, filter "friside a funnel, -
.. .. , 01 ~ ~ . ~ " .. 

'~washed wIth' .5 vol. sam~le~' tlt.affer and' incubatid' with 0.2 H NAGA (3~ min. 
< , ' 

room ta). The gel was regenerated by washing with~0.5 H NaCl and sample 
" ~ 

, 
buffer: At the ~nd of ~his step, the samples wer. concentrated 10 t~s 

( 

and stored el t -70· C until use. \ \ , 

2.2.12 REVERSE PHASE HPLC 

Separation of proteolytic fragments of part1alLy purif1ed 
( ~ 

a1-adren~rgic receptor, labeled with aH-POe, was made by rever,se phase. 

HPLC as described by Mayes (1984) .. Startîng mat,r1al was the product of 

thr trypsin digestion, suspended in O.1~·trifluoroa:etic acid (TFA) in 

'" H20. The separation was made by a linear gradient of 0-100~ acetonitrile 

• 

(ACN) in 0.1%TFA/H20, for 56 min at a flow rate 1 "ml/mi~. Pilot experi- i 

ments were done on analvtical ~Bondapack C18 column, using 10-20 ~g of 
1 

protein digest per injection. Preparative RP HPLe was done on a Vydac C18 
,. .... ., l' • ' ...' 

c01umn, using up ta 300 ~g/injection. The fractions contain1ng the • \ 

radioactive peak were pOQled, lyophilized and repurif1ed US!?g the l&me Q 

column and gradient. . . . 
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, 
The 3H-"POB-labeled proteolytic fragment of- the a1-adrenergic 

receptor, purified by RP-HPLC, was further studied by GP-HPLC, using a 
, 

Waters r-60 column. The mob~le phase was 0.1~ TFA in acetonitrile, ana, / 

elut~on was at a flow rate of 0.5 ml/min. Relevant fractions were col-

lected and concèntrated by lyophilization. 

, 
2.2.14 a1-ADR$:NE'R3IC RECEPTOR TRYPSINIZATION 

; 
The partiallY purified 3H-POB-Iabeled at-adrenergic receptor 

was incubated with 2 x 5ll trypsin (TPCK-treated) for 24 h, at ~7'C and 

pH 7.6, as d.escribed by Mayes (1984). At the end, the prepara~ions were 

centr1fuged at 100,000 x 9 ~nd the supernatant~ were frozen at -70'C and 

lyophi11zeq. 

~ 
2.2.16 RADIOCHEMICAk-PURH.'( CHEÇK OF [3H]PHENOXYBENZAMINE 

.~ 

1 3 H-POB was stored 1n ethanol at -20' C. The radiochemical 

'pur1ty,of the ligand was checked by thin layer chromatography (TLC) using • 
-, 

- two systems. The f1rst TLC system was heptane:chlorophorm:methanol 

" (50:35:15) using silica gel G plates as descr1bed by Kan et al. (1979). 

The Rf' value of POS in th1s system is 0.71. The second TLC system was 

~,thanol:acetonitr1Ie (9:1), using Cta reverse phase plates. The R, 

value of POB was o. 7a. Pur1ty cheGks were made also by RP HPLC on a 

~Bondapack C10 reverse phase column with the second solvent system. 
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2.2.16 SV~THESIS OF I-PHENOXYBENZAMINE (I-POB) 

I-POS was synthesized bY""Q(' T. Hansour of tha Department of 
, , 

Chemistry, MeGill University, by the (ollowil;g procedure: A mixture of 

N-phenoxyisopropyl-ethanolamine, triethylamine, and anhydrous sodium 

iodide, in anhydrous methylene chloride, eontaining DHF, was stirred un­

der reflux for 18 h. N-(phenoxyisopropyl)-N-
J

(3-iodobenzyl)-ethanolamin-e 

was purified fram the reaetion products by silica gel flash chromatog-

raphy. On the next step, the residue was dissolved in trichlor'methané ) 

and dry hydrogen chloride was bubbled into' the solution until pH 2 twas 

reaehed. Thionyl chloride was added," and the mixture was heated for 3 h 
~~' 

at 60'C in water bath. After several washes with trichloromethans, the 

N-( phenoxy isopropyl ) -N-(3-iodobenz y l )-beta -chIo roethylamine hyd rochlo ride 

(I-POS) was purified by reerystallization from etl'lanol. I-POB 1s a white 

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

2.2.17 CONCENTRATION OF PROTEIN SOLUTIONS 

Protein solutions were concentrated by three techniques: A) pe­

hvdrattttion: the sample was transferred in dialysis" tubing, whieh was 

covered with Aquacide II-A for 4-8 hr, at 4 ·C; 8) Ultrafïltration: 

centrifugation-ultrafiltratIon in Centriflo membrane cones at 800-900Kg 

(for small volumes) and ultrafiltration under positive pressure (50-60 

psi N2) in Amicon ultrafiltration eeU for larger volumes; C) LyoDhil:lZ4-
) ;r . 
tian: for protein solutions in volatile solvants • 

.. 
) 
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2.2.18 MEASUREMENT OF PROTEIN CONCENTRATION 

In the absence of !nterfering substances, protein was measure~y 

the method of l~ry et a1., (1951). In the presence of SOS, the modifica-
\.. __ 1..' ..J 

ticn of Lees & pa}\~972) was used. In other cases, protein concentra-
, . 

" ticn was determin,ed by the" method of Bradford (1976). Bovine serum al-

bum!n was.. useq as standard. 

2.3. STATISTICAL ANAlYSIS . , 
For the assessment of statistical differences between means deter-

mined f rom two 1ndependent samples, the Student 1 st-test for unpai~ed, 

data was used. Probability Cp) of less than 0.05 was considered si9-

n1ficant. 
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Figure 1. Synthesis of I-poe 
~ 

For further explanations, see section 2.2.16 
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3,1 lIME-DEPENDENT CQNVERSION OF a1- TO !3-AORENOCEPTOR -

MEOIATED GLYCOGENOLYSIS IN ISOLATED RAT LIVER CELLS', 

The adrenergic activation of hepatic glycogenolysis in the adult 

male rat is a~ al-adrenergic receptor-controlled event. e-Adrenergic 

receptors are also present (approx. 5% of aIl adrenoreceptors in the 

hepatocyte; Kunos, 1984), ,but they don't contrlbute·appreciably to the 

regulation of glycogenolysis (Hutson et al., 1976). This unique feature 

makes the ltver of the adult male rat a valuable model for the study of 

the molecular properties and the regulation of the a1-adrenergic recep-

tor, since in female and young rats, as weIl as in most other mammalian I:t!r 

species, the j3-receptor 1s predominant. It has been observed that the 

predominance of a siven adrenergic receptor subtype over the control of 
1 

rat liver glycogenolysis may change, within the same anirt!al, after an al-

teration of the local hepatic condition, such as cholestasis (Schmelck et 

al., 1979; Aggerbeck et al., 1983; Okajima & Ui, 1984), regeneration fol­

lowing partial hepatectomy (Aggerbeck et al., 1983), and malignant trans-

formation (Boyd & Martin, 1975; Christoffersen & B~rg, 1975; Hornbrook, 

1979), or after an Alteration of the general hormonal homeostasis (Chan 

et al., 1979; Preiksaitis & Kunos, 1979; Malbon, 1980; Preiksa1tis et 

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

1s01ated rat hepatocytes may aIso 1nduee a conversion of the adrenergic 

control of glycogenolysis, A cOlMlon denom1nator 1n al! these processes 15 

the induction of a lower level of different1ation or "fetalization", as 

suggested by Kunos (1980) and Okajima & #Ji (1982). Thus, it appears that. 

the receptor control of liver glyeogen metabolism 15 not fixed, but sub-
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o ject to adaptation to the level of cell differentiation and to the 

pathophysiologlcal state of the otganism. TtJ,.!s would also 1mply that the 

conversion of the adrenergic receptor response under the var10us condi-

tions mentioned above may have a common underlying mechan1sm. 

To study this mechanism, we used isolated rat hepatocytes, main-

tained 1n suspension (in serurn-free medl.um), because ln this in vitro 

system the change in receptor response deve10ps w1ttlin a few hoyrs. 

In agreement with earlier observations from our laborator~eik-
saitis et al., 1982), and from others (Hutson et al., 1976), in freshly 

isolated 'hepatocytes glycogen phosphorylase 1s activated predorninantly 

through the a1-adrenerg1c receptor: phenylephrine has a pD2 value 

(pD2 = -log ECso") of 6.58 ± 0.21, whereas isoproterenol 1s 1neffective 

(Fig 2, Upper). After 1n~Ubation of the ceUs for 4 \hours, Pheny~rine 

loses both potency and efficacy (pD2 = ,0.64 ± 0.30, P < 0.005), and 

. isoproterenol becornes a potent activator (pD2 = 8.10 ± 0.22). For com-

parison, fig. 2 (Lolr/er) shows the changes for two other hormones: vaso­

pressin and glucagon. 4-Hour incubation produces no cha4.,e in the 

response to vasopressin, but th~ potency of glucagon is markedly reduced: 
... 

in freshly isolated h~patocytes pD2 = 10.82 ± 0.15, in 4-hour ceUs 

pD2 = 9.57 ± 0.25, P< 0.001. Since glucagon activates glycogen phospho-

rylase through the same cAMP cascade mechan1sm 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 1n the function 

of the second messenger systems. This is also indicated by the tact that 

~ 
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( the Ca2 +-dependent vasopress1n retains 1ts potency (ln eontrast to 

phen y leph r ine ), whe reas the cAM~-dependen t gluea gon becomes much less 

p~tent (the Opposlte 'to isoproterenol). 

'In order to f~nd' out if the shift 1n the adrenergic act~vatlon of 

glycogen phosphory1ase 1s corr~ated w1th changes in the number and/or 

affinity of the corresponding receptors, we studied their density and af-

finit y . These data are summarized in Table 1. a1-Adrenergic rec'eptors 

were ident1f~ed by 3H-prazosin bindlng, and S-adrenerglc receptors - by 

3H-CGP-12177 blnding. Ass'sys wereo done uSlng both crude homogenate and 
, , 

purified plasma membranes. For the a1-adrenergic receptors, despite the 

significant 10ss of receptor function, we found no change in the density 

" of receptors or their affinity for 3H-prazosin. Similarly, the emergence 

of a potent l3-adrenergic response in hepatocytes after 4 hours of incuba-

~ tian was not associated with a change in the density of recéptors or 

c 

their affinity for the radioligand. These results do not exclude other 

possible. modifications of receptors, or alteratioo of their interaction , , 

with the transducer mechanism. Recent data from our laboratory indicate 

that 4 hour incubation of isolated hepatocytes decreases the number of 

h1gtl,..tgonist aff1n1ty form of a1-adrenergic receptors and 1ncreases the 

high agon1st affinity form of,-,~-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-

pl1ng of S-adrenergic receptors . 
.II 

Adrenalectomy can trigger an interconversion of the adrenergic con­
" 

trol of glycogen phosphory1ase from a- t& f3-type, and this change ~e­

vers"1.ble by in vivo glucocortico1d treatment (Chan et 8,1., 1979). / _ 
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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 inhibl.tor of membrane phospholipase A2 (Hirata et al., 1980). The 

suppression of phospholipase A2 activity in the plasma membrane lesds to 

a reduction in the formation of arachidonate metabolites (Flower & Black-
, 

weIl, 1979). Two endogenous inhibitors of phospholipase A2 have been 

identified: Iipomodulin, (m.w. 40,000 da}tons), 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 Iipomodulin and a ~onoclonal antibody against li~omodulin 

(prepared in the Iabarato tried to find out 
) 

if changes in the act'v y of membrane phospholipase A2 are implicated in 

the interconversion of the adrenoceptor control of glycogenolysis. As il-
• 

lustrated in fig. 3, a 30 min incubation of 4-hour ce Ils with 50 nM 

lipomodulin reverses the effect of the 4-hour incubation: the potency of 

PhenYlePhrine"iS increased ta the levei seen in Q-hour cells, and isopro­

terenol loses ~s 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 antilipomodulin monoclonal ant1body. 

AlI this suggests that the changes after 4 hours of incubation are re-

lated to an activation of membrane phospholipase A2, possibly caused by 

the loss of an endogenous inhibitor, such as lipomodulin. 

This possibi1ity 1s further supported by experiments in wh1ch 

O-hour ceUs were incubated for 10 min with a 1: 50 dilution of an an-

t1lipomodulin monoclonal antibody (Fig. 4). While this treatment caused 
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only a small reauction in the potency of PhenYlePhr~j isoproterenol 

remained 1neffective, when the cells were pre1ncubated for 10 min with 10 
j 

-" 
~ phenylephrine, and then treated with the ant1body, the phenylephr1ne 

potençy was markedly decreased and isoproterenol became a.~otent agonist 

(1nd1cat1ng a sh1ft from a- to ~-predom1nance). 

Mellitin is a polypeptide activator of phospholipase Az (Mufson et 

al., 1979). Incubation of freshly isolated hepatocytes with 2 ~g/ml mel-

litin for 30 min produces a similar suppression of the a- and emergence 

of the B-adrenergic respon~e (Fig. 5), further supporting the role of 

phospho11pase A2 in the conversion response. 

3.2 MOLECULAR CHARACTERIZATION OF al-AORENERGIC RECEPTOR 
i 

FROM RAT LIVER 

~ 

3.2.1 PARTIAL PURIFICATION OF THE HORHONE-BINOING SUBUNIT 

OF THE Œ1-AORENERGIC RECEPTOR 

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 

re9ulation, 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 

46 



o 

0" 

( 

use derivatives of high aff~nity ,receptor ligands, immobilized on a chro-
"v., J • 

matographic support. The structure of prazosin (Hess, 1974), a high af-

finit y a1-adrenergic receptor antagoni5t, was the source of two such 

derivatives: CP 57,609 (Graham et 81., 1982), and A55453 (Leeb-Lundberg 

,et al., 1984). these studies have also provided m'thods of solubilization 

of the rece:ptor in an act1va state. The first study found that the 

hormone-binding subunit of the receptor 15 a single peptide with a m. w. 

of 59,000 daltons. The second study ident1f1ed a series of spec1fically 
.J • 

labe1ed peptides w ith m. w rangl.ng from 80,000 to 16, 000 daltons, with the 

predominance of a 52,000 dalton s pept ide. A s imila r cont rave rsy cha rac-

terized earlier studies, using [3H]POB for the specifie 1abeling of the 

receptor (Guellaen et al., 1979; ~n'os et al., 1983). Leeb-Lundberg et 

al. (1984) demonstrated that the variabil1ty in the results was probably 

due ta partial proteo1ytic degradation of the receptor, caused by the ac- ,0 

, tion of an unidentified metalloprotease. Despite the recent progress in 

the purification and the biophys1ca1 characterization of a1-adrenergic 

receptors from different sources, the receptor gene has not yet been 

cloned, and the amine acid sequence and membrane topography of the recep­

tor are unknown. "Earl1er results from our 1aboratory have shown that 

[3H]POB could,be used as an irréversible label for the molecu1ar charac­

terization of the a1-adrenergic receptor from rat liver (Kunos et al., 

1983). Using this method, we partially pur1fied the receptor protein and 

tried, after proteolytic digestion with trypsin, ta purify the [3H]POB­

labeled fragment of the receptor. The following section describes the 

results from thls study. 
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In a pilot study, we compared the potency of dl.fferent detergents 

to solubilize [3H] POB-labeled Œl-adrenergic receptors from rat liver 

plasma membrane, and character1zed the ligand binding capacity of the 

receptor after solubllization. Four times 10.mg of rat liver plasma 

1 membranes (a1-adrenergic receptor density 0.6 pmols/mg protein) wCe 

;t 
( 

solubllized with Triton X-100 (Kunos et aL, 1983), digitonin (Graham et 

al., 41982), CHAPS and CHAPS/NaCl (Bruns et al., 1983) accordingly to pub­

lished protocols. "Active" receptors were defined as solublé o1-receptors 
\~ 

specifically labeled br- a saturating concantration of 3H-prazosin (1 nM). 

Specifie binding was the difference between the binding in the absence 

and the presence of 10 !-lM phentolamine, assayed after 60 min incubation 

at 37 'C, in triplicate aliquots from the 100,000 x 9 supernatant of the 
t 

detergent extract. The assa~of soluble receptors was done as described 

by Graham et al. (1982). The data obtained were compared with the amount 

of receptors recovered after solubilizatian 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 salubilize a signiflcant amaunt 

(40~) of the Œ1-adrenergic receptors in an "actl.ve" state. The dis-

crepancy between our results and those of Graham et al. (1982), which 

used digitonin-solubilized preparations is prabably due to the varia-

bllity of the properties of digitonin fram different sources (Caron, 

1986). Based on these findings, we used 10 mM CHAPS for the solubiliza-

tian of rat liver plasma membrane al-adrenergic receptors and resolved 

the detergent extract by glJ. filtf.ltion. Ten mg plasm<t membranes were ex-, -~ 

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

was centrifused at 100,000 x 9 for 1 h. The supernatant Wi6S loaded &ln top 
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of a Sephacryl S-400 column (2.5 x 41 cm) and eluted at a f,low rate of 25 

ml/h with a buffer containing 0.1~ CHAPS. The eluate was assayed for 
J.. 

presence of active a1-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 c, , . 
found n~peak containing specifie 3H-Prazosin-bind1ng act1v~ty byeither 

li!' 

method. The most 'likely explanation of this negative finding is that gel 

filtration delipidatés the res:eptor, Ieading to 1ts inactivation. This 

made us to abandon the. idea of detecting the receptor along -the pur1f1ca-

tion procedure by ligand binding. 

An alternative ~proach consists in lab~ling the a1-adrenergic 

.receptor in rat liver plasma membranes with [3H] POS, fàllowed by solu­

bilization. After a partial purification, the preparation is to be di-

g~sted with trypsin and the [3H]POS-labeled fragment of the receptor is 

to be puri fied and cflaracterized. For solubilization of the labe).ed re-
1" 

ceptor, Triton X-100'was chosen as the most potent detergent (Fig. 6). 

'Fig. 8 describes the results of the gel filtration of such a preparation. 

Rat liver pIas",a membranes were prepared using the met~od of Neville", . 

(1968) and labeled with 1 nH 3H-POB at 10·C, in thè absence ("total 

binding") and il} the presence of 0.1 ",H Prazosin ("non-specifie 

binding"). These two preparations were then solubilized with 1~ Triton 
1) 

X-100 (30 mln at 4·C)~ and the 100,000 g supernatant subjected to 

analytical gel filtration. 0.5 ml of the Triton extract, conta1ning ~ 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/ho Tne solubilization and the elution 
, 

buffers contained protease inh1bitors (see Seét10n 2.2; 1), 1n order to 
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min1mi'Ze the proteolytic degradation of the a1-adrenergic receptor. In 

these conditions, the Stokes radius of the 3H-POB-a1-adrenergic receptor , 
-+ ...... /-;~ 

complex WBS fou.nd to be 63 A, close to the value found by'-Kimos et al. 

(1983) (60 A), and by Meier et al. '(1984) (68 A). 
'" « 

Gel filtration provides little purification of the a1-adrenergic . , 

receptor, and for further purification we used lectin affinity chroma~og-
J • 

raph~ (see Section 2.2.11). The startin9 material was the product of the 

Sephadex G-200 sf gel filtration of 3H-POB-labeled a1-adrenergic recep-

tors from rat liver plasma membranes. The fractionsocontaining the peak 

of the "specific" binding (suppressed by 1'0 J.lM prazosin) were pOQled , 

together and concentrated by ~ltrafi1tration over a filter with a eut-off 

l~it of 10,0~O daltons. In the same operation, the detergent concentra­
"") 

\ 

tion was decreased to O.lX. One ml fractions of the preparation were ap-

plied to a 10-ml column of agarase; coupled to wheat germ agglutinin 

(WGA) (fig 9). We fQund that 86. 2~ of the radioactive label in the sample 

was retained by the WGA-agarosB, and 46.5~ (53.9X of the retained) was 

eluted biospecifically with B-N-acetyl-D-glucosamine. 

~ 
In order to isolate larger amounts of the a1-adrenergic receptor, 

we isolated -3-9- of rat- liver plasma membr:anes from the livers of 150 
• 

animaIs. Each preparation, (#is200 mg, prepared from a ttJatch of 5-6 
, 

livers), was separated 1n two and labeled with 0.5 nH aH-POB in the 

presence and 1n the-absence of 0.1 J.iM prazosin, as described above. Pre-

parat1onS' hav1ng less than 200 fmols/mg protein specifie binding were 
1. '-

rejected. The 3H-POB-labeled plasma membranes (-t g) were ~olubilizBd in 

l' Triton X-100 (detergsnt to protein ratio 5:1), and centrifugedat 

100,000 x 9 for 1 h. The 100,000 x 9 supernatant was c::onc~ntrated 10-fold ... 
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by ultrafiltra~ion anl stered at -70 '~. For preparative gel filtration, 

we used ~arose Cl-4B, paeked' 1n two coiurÏms (3 x 50 cm). This matrix 

was preferred over Sephadex G-200 fo~ preparative purposes, because its 
....... 

separatjon...range (10'" to 107 daltons) 1s larger than that of Sephadex • 

G-200 sf (104 ) to 2 x 105 daltons), and the elution point of the 3 H-POB­

recepto com6lex is eloser to its midpoint. AIse, the higher rigidity of 

1 
, 

Sepharose L-48 allows for much higher flow rates. The Triton extract w,as 

~Plied in 3 ml aliquots on the columns and eluted a~ a flow rate of ,30 

ml/h (fig.3). A total of 20 runs were made, and the fractions containing 

the peak of specifie binding were concentrated by ultrafiltration and 

ôtored at -70 ·C. For WGA-affinity ehromatography, we used two batehes of 

20 ml WGA-agarose (see Section 2.2.11). The biospeeific elution was made. 

by O. 2M 13-N-a~etyl-D-glucosamine in sample buffer. The result~. of this 

\ work are sunynarized' in Table 2. The WGA eluat~ contained 2.7 mg of 
, 1 

protein, contatning 17.1 pmols/mg of receptor-specif1c label. Thus, the 

overall yield was 0.3% and the purification was 81.4-fold. 

Next th9 partially purified, 3H-POB-lab,eled a1-adrenerg1c receptor 

was digested with TPCK-treated trypsin. ~he protein was ineubated for 

24 h with 5~ trypsin (added twice at 12 h intervals), at 37 ·C. The reac­

tion was stopped by cool1ng to 4 ·C, and addition of 0.1~ trifluoroacetie 
. -

aeid. The treatm~nt with trypsin was 'able to solub111ze only 30'~f the 

radiàlabel. The 3H-POd-labeled peptide(s), released by the trypsin trest"": , 
ment, were separated from the u~ld1gested protein by 100,000 x 9 

centrifugation. 

/ 

• 
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c The 100, 000 ~ supernatant was concentrated by lyophiliZation, 

sôlubpized in 1 ml O. 1~ tr.ifluoroacetic acid intH20, and resolved by 

c 

, ~ 1 
reverse}pha5e HPLC on a Cu matr1x, by application of a 0-100~ aceto-

nitrlle/0.1% TFA in H20 gradient for 56 min. The fractions containing ra-

dioactive peaks were collected, concentrated by lyophilization and re­

pur'rfied under the 5ame conditions. 

HPLC of the tryptic digest of the 3H-POB-labeled a1-adrenergic 

...-r""" ..... led one main radioactive peak, eluted at 93~ acetonitrile, 

1ning 43% of the lab~Also, several small radioactive peaks 

were el~ted in the region 65-90% acetonitrile, each con~ining 4-6% of 

the total radioactivity of the preparation (fig 10). 

::j- ~ In a separate eXJl)eriment, the main radioactive peak from the tryp­

sin 'd~stioh was rechromatographed using a 20-100% gradient for 50 min. 

\- Again, a Singl~, symm~trical peak was observed.. 

Since RP HPlC is separating peptides by hydrophobicity and gives no 

direct indication of their molecular weight, we injec~ed the material, 

obtained from the main radioactive peak of the tryptic digestion, into a 

/ gel permeation HPLC column with a separating range of 1,000 - 20,000 0 

for globular and 600 - 8,000 0 for random coil proteins (Fig. 11). Two 

peaks bf radioactivity were'-detected: a major peak, with apparent m.w. of 

'\. "'600 D, which contained 71% of the radioactive label, and a smaller ;eak, 

containing 29~ of the radioactive label, with an apparent Hr of 2,600 D. 

SOS-PAGE of t~ese two peaks yielded an apparent m.w. of less 

1084 0 for both peaks (Fig. 12). The molecular weight of 3H-POB itse f , ~ 

baing 340.0 daltons, this means that the fragment pu rified by this metH 

may have contained 1'l0 more than 2-3 amino acids. The attempt to sequence 

\ 
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o 1t, in collaboration w1th the H~~R::earc~L.boratory, UCSF, was un­
) 

successful. Therefore, one might sU9gest that the d~stion of the sH-POB 
r 1 

",Jabeled protein shou.l~ be \ne first by a method known ta genera,te larger 

fragments, and after the~urification of such fragment is successfully 

completed, a second digestion might be attempted, if necessary, using a 

different protease other than trypsi~. However, at this point we cannat' 

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

tac\ment of [3H]POB to the a1-receptor, radiochemical decomposition re­., 
, ',~ 

leased a part of the molecule carrying the [3H] label, and this fragment 

may have represented the bulk of the low molecular weight radioactive 

peak. ... 

3.2.2 CROSS-LINKING OF 'ACTIVATED AORENERGIC a1- AND 
~, 

VASOPRESSIN V1 'RECEPTORS WITH DSS 

The problems encountered with the use of ['H1PO~ . 
,,~"'" ./ 

[125I]Af,Ylalidoprazosin for the covalent label1ng of the a1-adrenergic 

receptors (see Section 3.2.3.1 and 4.4.2) prompted us ta look for an a1-

ternative ~pproach ta attach a radioactive label ta the receptor. S1nce 

~~prazosin, a high affinity :eversible ligand for the a1-adrenergic re­

ceptor has an amino group, we investigated the possib1lity ~se d1suc­
'"'--

cinimidyl suberate, an 1rreversible cross-linker of amino groups (OSS), 

to attach [3H]Prazosin to the active center of,the receptor. This agent 

has been used to attach adjacent prote1n molecules, or ta l1nk large pep­

tide hormones, such as insul!n and EGF, to their receptors 1n the plasma 

o r 
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membrane (Pllch & Czech, 1979), As descrlbed ln this section, the treat-

ment wlth DSS was not able to immobilize [3H]Prazosin to the active cen-

ter of the receptor, due probably to a lack of free amine group within 

the span of the cross-linker. Our attempt ta cross-link arg8 vasopressin 
,- -

/ 

) 

ta the hepatic V1 receptar was also unsuccessful. However, when aganist 

plus \ross-linker were added to intact cells, glycogen phospharylase, the 

target enzyme for bO~1 of these receptors became permanently activated. 

These prelimlnary ob rvations appear to be important for the under'stand-.' 
ing of the mecha~ism by which activation of the Ca2 +-11nked receptors 

lead to a final cellular response (see IntductiOn). There are presently 
1 .. 

no data about the structure of the activa ed form of these receptors. It 

ha~ been demonstrated for several peptide hormone receptors (lnsulin, 

EGF, proldctin, TRH, enkephalin, LH), as weIl for the muscarinic acetyl-

choline receptor, that agonist binding induces receptor microaggregation 

(Blum, 1985). In the case of the GnRh receptor for exa~ple, it has been 

shown that agonist-induced receptor doublets are the form of activated 

receptor and their presence 1s suff1cienr for the trlggering of the 

biological response, in the absence of an agonist (Conn et al., 1982). 

~, ~The fol1Pwing section, we describe the affects of disuccinlmidyl suberate 

~Dss~e fig. 13) on lig!nd binding to and agonist activation of the 

c 

vasopressin V1 and the a,-adrenergic receptors in rat liver cells. 

The attempt to cross-link [3H]Prazosin (illustrated at fig. 13) to 
., 

the active center of the a1-adrenergic receptor was made in 1solated rat 

l1ver plasma membranes (see Section 2.2.3). l'he plasma membranes, diluted 

to 0.2 mg/ml protein in 50 mM potassium phosphaté byffer, 1 mM MgCl2, pH 

7.4, were lncubated at 37'C flrst with 1 nM [3H1Prazosin, for 30 min. 
/ 

.J 
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1 mM DSS, dissolved in d~ethyl sulfoxide (DMSO, 1~ 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 washed by centrifugation 

/' three times, resuspended in drug-free buffer and incubated for the indi-

cated period of tlme. As shown in the left panel of fig. 13, the dis­

sociation of [3HjPrazosin from DSS-treated plasma membran~s is slightly 

slower, than from the control preparation, but this amount of retained 

ligand (-10% in ex cess to the control at the 60th min), 1s displaced by 

2 ~M phentolamine (right panel). Similar resultj were obtained when the 

cross-linking was made at 4·C. We found, 1n separate experiments, that 

the treatment of isolated rat liver plasma membranes with DSS doesn't 

change the num1er of binding sit~s for [3H]Prazosin in the membrane. 

Similar results were obtained with plasma membranes, isolated from DSS-

treated hepatocytes. The negative results from these pilot experiments 

were 1nt~rpreted in the sense that there are no free am1no groups avail-

able 1n the active center of the a1-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 arg8 vasopress1n to its receptor in the 
> 

plasma membrane. Arg8 vasopressin is a peptide with the amino acid se-

quence of Cys-Tyr-Phe-Gln-Asn-Cys:Pro-Arg-GlyNH2, and molecular we!ght of 

1084 daltons. Beside the terminal amino group, this peptide has 4 addi­

tional amino groups on the sida chain~of thè GIn, Asn an Arg residues. 

For the experiment, the rat liver plasma membranes were suspended, at 

0.2 mg/ml prote!n concentration, in the same buffer as above, and 1n-
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cubated first for 20 min w1th 10 nM unlabeled arg8 vasopressin. The 

~ss-11nk1ng w1th DSS was done as described above, and the preparation 

wa~ washed and resuspended in fresh buffer. At the end, the binding 

cspacity of the vaso~ressin V1 receptors in the preparation was deter-

mined. As shown at fi~. 14, the [3H]vasopressin binding capacity of the 

cross-linked plasma membranes remained at the control level. Therefore, 

unlabeled vasopressin W-aS 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, SO rats, 300 -

350 9 weight, as described in Section 2.2.1. They ~re suspended at a 

concentration of 20 mg wet cells/ml and incubated (a~~37'C) with 10- 7M 

vasopress1n for' 2 min. After this, 1 mM DSS waslOiidded (dissoived in DMSO, 
;( 

1~ final concentration) 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 cells were washed by centrifugation 
, 

three tim/s, 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~ OMSO was found 

to have no effect on cell v1abil1ty,. as tleterm1ned by the Trypan Blue ex-

clus10n method. As 111ustrated by fig. 15/C, when the cells were stimu-

lated with vasopressin a10ne, the activity of glycogen phosphorylase 

" reached, at the 2nd min, the maximal value of 5.29 ± 0.4 U (1 U = 1 pmole 

[ 14 CJglucose 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 min. In contrast, after the treatment with DSS, the 

enzyme activity reaches a maximum of 3.42 ± 0.5 U at mio 5, and remJins 
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high - 2.96 ± 0.4 U at the 30th min (Fig. 15/0). For the~bservation 

period, the activity of glicogen phosphorylase in the control cells, in­

cubated in the presence of 1~ vehiculum (DMSQ) remained at bàse-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/B). 
t 

The above experiments were repeated for the a,-adrenergic receptor. 

The experimental~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 
1 

period of time. As illustrated in fig. l6/C, incubation of the hepdr 

tocytes with 10- sM adrenalin (in the presence of 10- sM propranolol) ac-

tivates the glycogen phosphorylase to a maximal value of 5.12 ± 0.67 U. 

After the removal of the hormone, the activity of glycogen phosphorylase 

decays rapidly and returns to base-line value (0.36 U) w~hin the 45 min 

period of observation. In contrast, after treatment with 1 mM DSS, the 

glycogen phosphorylase is activated to a maximum of 3.83 ± 1.07 U, which 

15 reached at the 15th min, and stays approximately at the same level for 

the observation periode At the 45th min, the activ1ty of the enzyme is 

still 2.51 U (Fig. 16/D). 1 mM DSS alone produces a small, but s1g-

nificant increase in the activity of glycogen phosphorylase, which 

reaches a maximum of 0.96 U at the 45th min (Fig. 16/8). \ 
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3.2.3 PHARMACOLOGICAL ACTIVITY OF I-POB 

In the last ten years, a number of high affinity ligand$, sueh as 

[3H]dihydroergoeryptine (Williams & Lefkowitz, 1976), [3H]WB4101 

(U'Priehard et al., 1977), [3HJPrazosin (Karliner et al., 1979), and 

[125IJBE-2254 (Engel & Hoyer, 1981) have been used for the e~araeteriza­

tian of a1-adrenergic receptors from different tissues. In the liver, 

(lH]Prazosin has been preferred for the characterization of the a1-adre-

nergie reeeptor in isolated hepatoeytes (Hoffman et a1., 1980, Preik-

saitis et al., 1982), beeause liver cells actively take up and metabolize 

most of the other ligands (Kunos, 1984). AlI these ligands, which label 

the a1-adrenergic receptor reversibly, have been used for the pharmaco-

logieal characterization of the reeeptors in tissue slices or in isolated 

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

ligand may offer ~ distinct advantage for the molecular characterization 

of the receptor, which involves detergent solubilization followed by a 

multi-step purifiçation procedure. The first irreversible radioligand for 

the at-adrenergic receptor was [3H]phenaxybenzamine ([3H]POB) (Lewis & 

Miller, 1966; Young & Nickerson, 1973; Guellaen & Hanoune, 1979; Kan et 

al., ... 1979). Using high specifie activity (3H]POB, the moleeular weight of 

the hormone-binding subunit of the rat liver a1-adrener~c receptor has 
;.< 

baen determined (Kunos et al., 1983). Subsequently, two irreversible 
i 

photoaffinity probes for the a1-adrenergic receptor were synthesized: 

[125 1]CP65,626 (Seidman et al., 1984), and [125I]APDQ (leeb-lundberg et 

al., 1984), and used 1n the study of hepatic a1-receptors (Dickinson et 

al., 1984; Leeb-Lundberg et al., 1984; Se1dman et al., 1984). 
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In our work for the partial purification of the honmone-binding 

subunit of the a1-adrenergic receptor (described in datail in Section 

3.2.1)~ we used [3H]POB, supplied from NEN. Rasults obtained with more 
, 

reeent batches of this probe labeled on the phenoxy ring were inconsis-

tent and variable, due to rapid radiochem~eal decompos~tion. Probably as 

a result of this problem, NEN stopped offering [3H]POB and introdueed, as 
\ 

an irreversible probe for the a1-adrenergic receptor, [125I)Arylazido-

prazosin ([125I]CP65,526). We tried to use this ligand but, despite a 

variety of labeling protoeols, did not obtain reprodueible labeling pat-

tern of the reeeptor (see Section 4.4.2). Beeause of these difficulties, 

we investigated the possibtlity to develop an ana log of POB, iodinated on 
. ~ 
~ 

the benzyl ring, which eouid be used for irreversible labeling of the 

a1-adrenergic reeeptor, and wouid aIse have the high specifie 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 

pharmacologieal aetivity of this compound. 
~ 

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 specifie aetivity of 5 -18 Ci/mmol (Fig. 17). 

Starting from 1983, NEN offered higher specifie activity ligand (22 - 65 

Ci/mmol), tritiated on the phenoxy ring. Using this latter form of the 

ligand, we found high variability in the labeling efficiency, rang1ng 

fram 0.2 - 0.3 pmols/mg to as low as 20 - 50 fmols/mg protein (at 0.5 nM 

final concentration of [3H}POB). Delipidation of the preparation (as 
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c descr1bed by Kunos et al., 1983), removed most of the rad10activity in 

the preparation (>80~), show1ng covalent incorporation of an unusually 

low amount (less than 10% of the total retained). The results of SOS-PAGE 

analys1s confirmed this finding. Only trace labeling was found ~n the 

range of the high molecular weight proteins, and 99% of the radioactivlty _~ 
migrated with the front. These findings suggested that the high specifie 

activity [3HJPOB~we were using, had a faster rate of radiochemical decom­

position, than the [3HJbenzyl-POB, which was known to be stable for 

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

the high specifie activity [3HJPOB, one month upon receipt, using th in 

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

system methanol;acetonitrile (9:1), in which the R~ value of POB is 0.78 

(Kan et al., 1979), we found one small radioactive peak with Rf of 0.78, 

and several, ~ 2 times higher peaks with ~f in the range 0.7? - 0.78, 

confirming directly the radiochemical decomposition of the ligand. The 

TlC profile was simila~ in batches stored at -10'C and -70·C. Taking into 
\ 

account these facts, we 'bsed ~p the freshly synthesized [3H]POB within 10 

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

pmol/mg specifie binding. 

Starting from mid-1984, [3HJPOB was no more offered by NEN, and was 

replaced with the novel,.radioiodinated photoaffinity ligand [125IJAryl­

az1doprazos1n. In the dark, this ligand binds with a high affinity to the 

at-adrenergic receptors in isolated rat liver plasma membranes (KD = 
0.3 nM, Seidman et al., 1984), although the non-specifie binding is 

higher, than for [3H]Prazosin (30 - 40' vs. 8 - 10% for [3HlPrazosin). 

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-irrad1ated 

for 20 sec, because'we found that longer irradiation periods increased 

unacceptably the non-specifie binding (to 80 - 90' of the total). In 

these conditions, we found that only 0.5 - l' of the ligand is prote1n-
" , 

l1nked after SOS-PAGE. The level of non-specifie b1nding and the lev~1 of 

ligand incorporation into proteln was not ~proved by addition of low 

concentration bovine serum albumin (suggested by Leeb-Lundberg et al., 

1~84), 1 mM OTT, or by delipidation of the preparation after labeling (as 

used by Kunos et al., 1983). The 10w efficiency of covalent binding of 

this ligand was also reported by others (Terrnan & Inse1, 1986). In a few 

exper~ents, we found specifie labeling of peptides with mole~~lar weight 

of 79,000, 66,000 and 52 - 54,000 daltons, but the labeling pattern, and 
~ the amount of ligand bound to protein varied between experiments. Wa were 

unable to find the reason for this problem. 

3.2.3.2 PHARMACOLOGICAL ACTIVITY OF I-POB. 
-

3.2.3.2.1 Antagonism of the stimulation of glycQgeo 

phosphorvlase through the a1-adrenergic receptor in 1so1ated heD8toeytes 

(Fig 18). For these experiments, we used isolated hepatocytes from the 

livers of male, 50 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 end of this 
~ 

period, the cells were stimulated with 1 ~M adrenaline for 2 min, and the 

1 activity of glycogen phosphorylase was detenmined. As seen 1n Fig. 18, 

_ I-POB is a patent antagonist of adrenaline for the stimulation of 

glycogen phosphorylase, with an -IC5o of approximately 1 nM. 
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3.2.3.2.2 Binding affinity' for al-receptors to isolated 

rat liyer plasma membranes (Fig 19). The binding affinity of I-POS fer 

a,-receptors in rat liver plasma membranes was determined from its 

ability to displace [3H)prazosin. Rat liver plasma membranes~~ere 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 [3H]prazosin, 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 

['3Hl,razosin in absence of competitor is expressed as 100%. The K50 for 

the displacement of [3Hlprazosin binding was found to be 0.13 nM for un­

labeled prazosin, 0.65 nH for POS and 2 nM for I-POB. The binding af­

f1n1ty of I-POB 1s only 3 times lower than that of POS itself. 

3.2.3.2.3 Antagonism of vascular al-adrenergic recep-

tors 1n the rat (Fig. 20). In this experiment, the effect of I-POS as an 

antagon1st of the stimulation of al-adrenergic or vasopressin-induced 

vasoconstriction was determined. The experiment was done in collaroration 

with Or R. Mosqueda, using male, SO rats, weighing 500 - 560 g. The 

animaIs were anesthetized ~ith pentobarbital and the right femoral vein 

and artery were cannulated with polyethylene cannulas (PESO). The ar-

terial cannula was connected to a pressure transducer (Statham, Hato Rey,. 

Puerto Rico; P230b) and polygraph (Grass, Quincy, MA; model 7) for con­

tinuous monitoring of blood pressure (SP) and heart rate (HR). Heart rate 

was monitored through a tachograph preamplifier. Orugs, dissolved in 

saline, were administered through the venous cannula. Fig. 20 shows the 

original recording fram one animal, which 1s representative of two 
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similar experiments. The upper.part of th~ figure demonstrates the 
-. 

agonist-induced changes ~n blood pressure and heart rate in the 'absence 
• of antagon!st, wh!le the Iower part shows the rasponse to the same dose 

of agonist, tested 20 min af.ter the Lv. administration of I-POB, 5 

mg/kg. ~s seen from this graph, the dose of 5 mg/kg I-POB suppresses com­

pletely the response to 5 and 10 ~g/kg phenylephrine (PhE) i.v., but has 

no effect on the vasoconstriction produced by 200 ng/kg i.v. arg8 vàso-

pressin. One of the animaIs was retested the next morn!ng, and the 

results obtained were similar to these illustrated in fig. 20, indicat1ng 

a Iong-term effeet (irreversible bloekade) of the vascular a1-adrenergic 

recepters in the experiment~l animal. 

" 
3.2.4 RABBIT POLYCLONAL ANTIBODIES AGAINST THE .. 

. a1-ADRENERGIC RECEPTOR 

Immunologieal methods have been widely used in the study of hormone 

receptor structure and fynction. Regarding catecholamine receptors, most 
o , 

of the effort to dev&lop immunological methods has besn devoted to the 

study of the B-adrenergic receptor, due to the more rapid progress 1n the 

knowledge aboOt the molecular structure of that receptor. Polyclonal an-

tibodies, developed in rabbits and mice against affin1ty-pur1fied 

B-adrenergic receptor have been used to study the interaction of the 

receptor with ligands (Wrenn & Haber, 1979; Caron et al., 1979), and w1th 

the adenylate cyclase system (Couraud et al., 1981; Strader et al., 

1983), for the immunocytochemical loca11zation of the re:eptor 1n brain 
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(Stradèr et al., 1983; Trimmer et al., 1984), and as an independent mean 

-
of identification of the hormone-binding binding subunit of the, (3-adre-

~ ~ 

-nergic receptor (Couraud et al., 1983). The main limitation 1n the use of 

COtiventlonal antibodies resides in their heterogeneity. In 1978 Sege and .. 
Paterson proposed 

~resenting "the 

to develop a new elass of more specifie antibodies, 

internal image" of an antigen (anti-idiotypic anti-
0" <'II .. t 

bodies; 5ege" & Peterson, 1978). The idea was applied to the study of thé 

ligand-recognizing m~~~~anism of t'he (3-adr~ergie receptor (Schreib:r et 

al., 1980) 1 the pathog~ny of some r~ceptot-related autoimmune disorders 
ft 

(Venter et al., 1980; Homcy et aL, 1982; Was~erman et al., 1982; Stros­
q 

berg, 1984; Fl:trid et sl., 1985) and the mechanisms of modulation of the 

1nlmune response (Sege & Peterson, 1978; Couraud" et aL, 1983). An attempt 
'. ' 

wa~ made to use,anti-idiotypic Bntibod1es for immunoaffinity purification . \ \ 
'" C\ 1 • 

of the ct1-adrenergic receptor, 'but the 'result:; were inconclusive 
\1 .! ,>" 

(Gueliaen et al. (1982). The difficult1es and the limitations !n the use. 

of polyclonal antibodies ~ere resolved by the development of a method for .. "" 
. the production of monoclonal antibodies (Kahler & Milstein, 1975). The 

high specifieity of interaction of the monoclonal antibodies, combined 

w1tl1 ~heir purity and possibility for p,rodl.(ction in suqstantial amounts 
" -,' 'l\, 

prompted the development of rnonoclonal antibodies against the catechol­
\ 

amine receptors (Fraser & Venter, 1980; Dausse & Diop, 1983; Venter et 
, 1 

a1'l 1984). Monoclonal antibodies were, used for the purificatlOn and the 

,.........molecular characterization of the l3-adrenergic reeeptor (Fraser & Venter, 
, l ~ 

1980) t and for the molecular charaeterization of the a1-adrenergic recep-

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

rabbit antibodies against partially purified preparation or? a1-adrenergic 
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receptor from rat liver. In the following text, we will describe their 

pharmacolo~ical activity and thejr application for the molecular charac­

terization of the ho rmone-binding subunit of the receptor. 

The antigen was prepared from plasma membranes fram th~ liver. of 

male rats . ...the native plasma membranes were solubilized with 1~ Triton 

X-100 and the hormone-binding subunit of the a1-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 a1-adrenergic r~ceptor were identified by parallel processing of 

(3,H]POB-labeled preparations (see fig. 8). The relevant fractions from an 
(' 

unlabeled prepa ration were concent ra ted and used (0.5 mg p rote in/ -

injection) for the immunization of white male New Zealand rabbit5. After 

repeated boosting at 2-week intervals, the animals were bled and the 

serum separated. Sera were collected starting from the first motlth and 

used at the indicated dilution in the experiments. Co'\,trol experiments 
" \ 

were made in the presence of equivalent dilution of serum from non-

immunized animaIs. (See Section 2.2.10). 

As seen at fig. 21, the incubation of isolated rat hepatocytes with 

1: ~O dilution of r'abbit antiserum for 30 min at 37'C produces block of 

-80l~ of the activation of glycogen phosphorylase by the a1-adrenergic 
"" 

agonist phenylephrine. Based on these findings, in our further exper1-

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 phosphoryla5e in isolated hepatocytes. The activity of the en-

zyme i5 expres5ed as multiples of basal actiyity in the absence of 
• 
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agonist. 10-!5M phenylephrine, 10 the presence of pre-immune serum, in-

creases the act1vity of glycogen phosphorylase 4.7 ± 1.17 tImes. In the 

presence of ant1-receptor antiserum, the same concentration of 

phenylephrine praduces only 1.17 ± 0.12 -fold Increase in the activity of 

the enzyme. Preincubation of the antIserum wlth rat llver plasma 

membranes (4 mg plasma membranes/1 ml antiserum for 30 min at 37 'C) 

removed the inhibitory effect of the antiserum, phenylephrine being able 

to increase enzyme actlvity 3.6 ± 0.4 -fold over basal. 

The specificity of the interaction of the rabbit antiserum was de-

termined indirectly by camparing the effect of the antiserum on the 

activation of glycagen phosphorylase ln isolated rat hepatocytes by two 

different aganists: phenylephrlOe and arg8 vasapressln ... (Fig. 23). The ~ 

antiserum interfered only wlth the activation of the enzyme through the 

a1-adrenergic receptar, the response to vasopressin remained unchal1ged. 
d 

The presence, in the rabbit antiserum, of antIbadies bindlng ta the 

active center of the a1-adrenergic receptor fram rat llver was confumed 

--1 
directly by the methad of immunoblottlng (FIg. 24). For this experiment, ~ \ 

rat liver plasma membranes were solubIlized wlth SDS and resolved by 

SOS-PAGE (10% acrylamide gel). At the end of the electraphoresis, the 

proteins were transblotted on nitrocellulose paper and Incubated with the 

rabbit antiserum (dU. 1: 10). The antigen-antibody reaction was visua-

lized by reaction with harseradish peroxydase-linked anti-rabblt IgG. The, 

experiment was calibrated with a parallel SDS-PAGE of (3H]POB-labeled rat 

liver plasma membranes (see Section 2.2.4). As shawn in the bot tom part 

of fig. 24, the SOS-PAGE profile of [3H]POB-labeled plasma membranes 

shows two peaks of a1-adrenergic receptor specifie labeling with Hr of 
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80,000 and 58, 000 daltons. This profile is juxtaposed, in the same X-axis , 
scale, ta thé results of the interaction of the rabbit antiserum with 

similarly resolved rat liver p.lasma membranes preparations. The control 

(st"ip A), shows the interaction of native ratj ... liver plasma membranes 

with the rabbit antlserum. It vl.sualizes a great number of antigen-anti-

body interactlons between the various components of the plasma membranes 
~ 

and the antibodies, elaborated by the experimental anl.mal. Strip B shows 

the interaction of native plasma membranes with rabbi t antise rum, which 

had been preincubated with plasma membranes (4 mg plasma membrane 

protein/1 ml serum, 30 min at 37 ·C), treated wl.th 100 nH POB. The pread­

sorbtion of the antiserum with POB-l'àbeled ~lasma 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, OOO-dalton peak of the a1-adrenergic receptor. Strip C shows the in-

teraction of the antiserum with plasma membranes, pretreated with 100 nM 

POB. The companson with the control sh6ws that the block of the a1-

adrenergic receptors in the plasma membrane decreases the intensity of 

the staining of a protein with Hr 80,000 daltons. 
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FIGURE 2. Effects of in vi tro incubation of isalated rat liver cells 

o 

on glycogen phosphorylase activation by glycagenolytic hor-

manes. 

Cells were isolated and incubated, and the activity of gly-
1 ' 

cogen phosphorylase measured as described in Section 2.2.1 

and 2.2.2. Solid lines and fiiied symbols, freshly isolated 

hepatocytes (O-hr cells). Broken lines and open symbals, 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 EC~o ± SEM. Basal glycogen 

phosphorylase activity was 12.3 ± 1.1 and 11.3 ± 0.9 units 

(nmol [1 4] C glucose incorporated into glycogen/min/mg of 

protein) for Q-hr and 4-hr cells, respectively. 
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FIGURE 3. ReversaI by lipomodu1in of the ~e-dependent con-
) c 

version of the hepatic a1- to a B-adrenergic response. 

The effects of phenylephrine (filled circles, sol id line) 

and isoproterenol (triangles, broken 1ine) were tested in 

Q-hr cells (Top), in 4-hr ceIIs (Middle), and in 4-hr ceIIs 

incubated for a further 30 min with 50 nM purif1ed 1ipo- -

modulin (Bottom). Means of four experiments are shown. Stars 

and horizontal bars indicate mean ECso ± SEM. Baseline gly-

cogen phosphorylase act1vity was 13.4 ± 1.3 units (Q-hr 

ceUs). 11.2 ± 1.1 units (4-hr ceUs), and 14.4, ± 1.8 un1ts 

(4-hr cells treated with lipomodulin). 
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F~GURE 4. Effect. of preincubatton [':;;;; with l1pomodulin .nt~body 
in the presence of phenylephrine on the adrenergic activa~ 

tian of glycogen phosphorylase. 

Q-hr rat liver cells were incubated with a 1: 50 dilution of 

a monoclonal antibody to lipomodulin (see Section 2.2.9) in 
, 
the presence of 10 ~M phenylephrine and then washed for 30 

1 

min before the effects of phenylephrine and isoproterenol 

were tested. Filled symbol~~and solid lines, control cells; 
~r/J 

open symbols and broken 1ines, antibody-treated ceUs. Means 

of tWQ experiments are shown. Basai phosphorY1ase activity 

was 12.2 and 9.4 units 1n .control and antibody + 

phenylephrine-treated cells, respectively. 
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FIGURE 5. Effect of mel11t1n on the adrenoceptor-med1ated activation 

of glycogen phosphorylase in freshly 1so1ated liver cells. 

. O-hr hepatocytes were incubated ,for 30 min with vehicle only 

(filled symbols, so11d line) or with mellitin at 2 ~g/ml 

(open symbols, broken line). Means of three experiments are 
• 

shown.· Base11ne glycogen phosphorylase activ1ty was in-

creased by mellitin from 10.6 ± 2.3 to 18.6 ± 2.1 units • 
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FIGURE 6. Effect of d1.fferent detergents on the soIubUization of the 

/ 

a1-adrenergic receptor in an active state. 

Plasma membranes were isolated From rat liver as descr1bed 

1n Section 2.2.3.1 and rasuspended 1n 50 mM Tris/10 mM 

Mgé12, pH 7.4 buffer, containing protease inhibitors (see 

Section 2.2.4) and the indicated coneent ration of dete r-

gents. The preparations were shaken for 30 min on iee and 

centrifuged for 1 hr at 100,000 g. The pellet was extraeted 

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

two supernatants combined for the experiment. AlI experi-

ments were done at 4 ·C. The results are expressed as per-

centage of the concentration of al-adrenergic receptor in 

the plasma membranes, "'0.6 pmol/mg pro'tein. "Active recep-

tar" 15 defined by the specifie bind1ng of 0.4 nM 
" 

[3Hl,razosin. Bars 1nd1cate the mean + SEM of three exper1-

ments. 
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FIGURE 7. Sephacryl 8-400 gel filtration chromatography of al!..' 

-' 

" 

adrenergic ~ceptor, solubilized with CHAPS. 
. .. 

-
Ten mg rat li~er plasma membranes were solubilized w1~th 

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 S-4qO column 

(2.5 x 40 cm) and eluted with a 60 mM Tris/10 mM MgClz, pH 
Q 

7.4, buffer contain1ng 0.1 mM CHAPS and protease inh1b1tors 

at a flow rate 25 ml/ho Solid line and f111ed points 1ndi­

ca te . the specifie binding of (3 H],razos1n 1n the elu~te (see 

Sectioh 3. Z.1). Ooted line indicates optical density (0.0.) 

at 28ô nm. Ic'p ind1cates the elution point of dextran blue 

(H- = 2'x 108 daltons). Al! experiments were do ne at 4·C. 
AC". 

Representativfi! for three experiments. 
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FIGURE 8. Sephad~)( G-20Q gel f:U~ration ëhromatography,of "[3 Hl poe­

. labeled a1 -adre~r9ic receptor. 

.. 

Rat 1.iver labeled with [3H]POB as 

described (see Secti and extracted with 1~ 

Triton. 0.5 ml 'of the extract was 13'aded on top of a ,'" ( 
~ 

Sephadex G-200 lfine) column <.106 x 32 cm) and elut'ed with 
~ 

50 mM Tris/10 mM MgCl2 buffer containing O'o8~ Triton and 
, l Il "-

protease inhibitors atta flow r~te of 5 ml/ho The sol'id line 
""> 

with filled symbols d,enotes the difference in the radioaç-

tivi~y.:n_~~:ch f.ra~~i~n between paral~el ~u~~ ,?f ,~repan,~;.'" ~~ 

tions labeled with 1 nH [3H]POB in the absence and in the 
"" 

presence of 0.1 J.lM Prazosin (see Section 202.8). The 

recovery of to'tal radio8.ctivity was 80~. l.nset, estimation t 
\ , 

of the loir of the [3H]POB-làbeled a1-adrenergic receptor . 
(arrow). Open circ les are molecular weight standards . ' . ..,. , 

(dextran blue, ferritin, catalase, aÎdolase, 8SA, ovalbum1n,-. 

c~motrypsinogel], A). K.v = (Vr -1 Vo)/(VE .- Vol) where VT, Vo 

and VE are total bed volume, void volume and elution volum~ 

of a givell' protein, respectively. Al! experiments were done 

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

(1976). The graph 1s representative of ten experiments. 
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FIGURE 9. Wheat.germ agglutininechromatography 'of partia1)y pur1fi~ 

, 

~ , 

a1-adrenergic receptor. , 
" 

. , 
Rat liver a1-adre~ergic receptors were solubilized fr~: 

plasma membranes and partially putified by gel filtrâi'~n 

J ~chromatography as described in fig. 8. The receptor-con­

taining fraJtions were pooled together and app11ed to a 10 

SJ, 

.. 
'ml column of~WGA coupled 8garose (see Section 2.2.11). The 
( 

) 
column was washed with sample buffer (50 mM Tris/10 mM , 
MgC12, 0.1% Triton, pH 7.4), eltlted with sample buff~r, con­

, taining 0.2 M f3-N-acetyl-D-glucosamine, and washed with 
,i' • 

sample buffer containing 0.5 M NaCl~ The preparations 

làbeled with 1 nM [3H]POB (dpm T), and with 1 nM [3H]POB + '. 

0.1 'J.1~ prazosin ~ dpm NS) were processed in pa·ralleI. The 

recovery of total radioactivity was 90%. Experiments were 

done at 4·C. The graph is representative of three se~rate 

experiments. 
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," FIGURE lo.&everse phase HP~~ chromatographY' of trypt1..c digest ·oV: 

[3 H] POB-labeled a1 -ad rene rg1c recepto r. 

[3~]POB-labeled a1-adrenerg1c receptor, partially pur1f1èd 

by gel filtration and WGA-affin1ty chromatograph~ (\ee 
fig.~ 8 and 9) were digested with TPCK-treated trY~1'h (see 

Sect ibn 2.2.14).0.5 ml of the dig~st, dissolved in O.1~ 

TFA/H20 (0.3 mg protein) was injected in a Vydac C18 

column (1 x 25 cm) and eluted with a I1near gradient 0 -

.100% acetonitrile in O.1%TFA/H20 for 56 min. The flow rate 

was 1 ml/min. The graph represents two pa~a~lel e~peri-

ments of preparations labeled with nM [3H]POB in the ab-
, 

sence (T) and in the presence of 0.1 ~M Prazosin (NS). The 

recovery of total radioactivity was 85-90~. Exper1ments 

were done at room t·. The graph 1s repre~entat'ive of 40 

experimen~s. 
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FIGURE 11. Gel pe~eation HPLC chromatography of [3H]POB-labeled r ' 

1 

proteo~ytic fragments of the a1-adrenergic receptor. 
-... ... 

\, 
'. The m~in peàk of radioactivity of the tryptic digest of 

the partially purified a1-adrenergic receptof (Fig. 10) 

wàs collected, lyophilized and dissolved in 0.5 ml 0.1~ ., . 
TFA/acetonitrile. The sample was injecte~ in a "Waters 1-60, 

column and eluted with O.1~TFA/acetonitrile at a flow rate 

0.5 ml/min. Inset: estimation of H,. of the proteolytic , 

fragments of the ~rener9ic rec~Ptor (arrow). Open 

cir-cles are molecular weight standards (cytochr9me C, 
\ 

f3-endorphin, actinomy.cin D, enkephalinamide and POS). Kav 

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

riments were done àt room t". The grlph 15 representative 

Of two separate experiments: 
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FIGURE 12. SOS-polyacrYlamide ge~ electrophoresis Of [3~JPOB-labelad 
, ~ 

, , 

t. ... ,; 1 ~ 

... , 
proteolytic fragments of the a1-adrenergic recep~or. ' 

The main >,peak of ra~ioactivity of the tryptic digest of 

the part1aÜy purified a1 ~adrenergiC r.,cePto~ (Fig. 11) . , 

was collected, lyophilized and dissolved ~ 1 ml H20. 50 
J • 

~l sample was lyophilized, dissolved in 50 ~~SDS-PAGE 

sample buffer and applied to a 5~ pOlyacryfamide gel. At 
.... 

the end of the electrophoresis, the gel was sliced in 3-mm 

Wide, sHces ~nd cornted by LSC (see Section 2.2.4). Inset: 

estimation of ~ of the proteolytic fragments of the a,-
adrenergic receptor (arrow). Points are m.w. standards 

• e 

(polypeptide fragments, of h~~se heart myoglobin, MW-SDS-17 

Kit, ~igma). AVP indicates the Rf of [3H]Arg8 vasopressin 

> (m.w. 1084). Rf = distance migrated by the substance/­

distaryce migrated by the tracking dye. The recovery of to­

tal radioactivity was 70~. 
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FIGURE.-13. Effect of disuccin1midyl suberate on the dissocia t 10n 
0 

kinetics of [3 HJ Prazosin in rat liver,'plasma membranes. 

Rat liver plasma membranes 'were> suspended in 60 mM potas-.. -
sium p~osphate/r mlÜ4g~12 :. pH L:4 at o. ~9/ml and labeiJ 

:~th 1 nM [3~]pra.!o$in (see Section 2.2.8.2). The prepara-
~ .... "'. 1 

tian was cross-linked with 1 mM disuceinimidyl sub'erate 

for 5 min at 37 ·C. The, cross-linker was dlssolved in DMSO 

(1% o'f the volùme of the sample). The' reaetion was 
\ 

o quenched w1th 10 mM ammonium acetate, the preparation was .. -

, 

washed two times by centrifugation, ~esus~nded in fresh 

buffer J Left pansl) 

amine (Right pansl) 

• 

• r 
-

ot in buffer conts!ning 2 IlM phentol- ' 
~ .. )" ~ , . \ 

and incubated ~at 4\·C. At the indicated 
\ 

in~ervals, equal volume samples were removed for deter-

m1nation of the bovnd radioactivity. The results are ex-
.., 

1 
pressed as percentage of the binding of 1 nH [JHr,razosin 

in DMSO-treated (cpntrol) membranes ((}.6 pmols/ms). The 

graph is represe~tative for thr$e experiments. 
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FIGURE 14. lac~ of cross-liQking of vasopressin to its recepto~by 
~ , 

disucc1nimidyl suberate. / 

l 

Rat liver plasma membranes were suspended 1n 50 mM potas-

sium phosphate/1 mM MgClz, pH 7.4 at O~2 mg/ml and 1n­

cubated for 2 min with 10 ~ unlabeled arg8vasopressin, 

follo~ed by cross-linking ~i~SS a~ described in fig. 

13, two washes and resuspension in fresh buffer. Following 

this, the binding of [3H]Arg8 vasopressln was dëterm1ne~ 

(incubation for 20 min at 30·C). The dashed line 1nd{cates 

the maximal [3]~rg8Vasopress1n bindlng, obtained 1n DMSO-

.treated (control) mem~ranes. The graph 1s the mean of 

three exper1ments. 
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,FIG~Rf 15. ,Cross-linking of agonist-activated vasopressin V1 recep­

tors w1th disuccinimidyl suberate in isolated liver cells. 

Rat liver cells were isolated and glycogen phosphorylase 

activity was determined as described in Section 2.2.1' and , 

2.~.2. The hepa~ocytes were suspended ~ concentration 20 

mg wet cells/ml and ineubated-wit~ 10- 7M arg8vasopressin 

for 2 min at 37·C. Following this, they were treated with 

CSS for 3 min, th~ reaetion was quenehed with 10 mM am-
. 
monium acetate, and the eell were washed ~wo times and re-

suspended in fresh medium. At the indieated intervals, 
1 

samples were removed for the determination of the~etivity 

of glycogen phosphorylase. Treatments: A) 1~ DMSO; 8) 1 mM 
~ \ 

CSS; C) 10- 7M arg8vasop~ssin + 1~CMSO; D) 10- 7M 

arg8vasopressin + 1mM OSSo Basal glycogen ~hosphorylase 

act~vity was 0.5 + 0.2 U (nmol [14]C gluco~a incorpçrated . ~ 

into glycogen/min/mg wet cells). Polnts indieate mean + 

SEM of experiments made 'w""ù'h ceUs isolated fram three .. ... 
different livers. 
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FIGURE 16. Cross-linking of activated al-adrenergic receptors with . 

disueeinimidyl suberate in isolated liver cells. 

Rat liver ce Ils were isolated and glycogen phosphorylase 
1 • 

'l> • 

activity was detenmined as deseribed in Section ~.2.1 and 

2.2.2. The hepatocytes were suspended at concentration 20 

mg wet cells/ml and lneubated with 10- eM adrenaline for 2 

min at 37·C. F.ollowing this, they were treated with OSS 

for 3 min, the reaetion was quenched with 10 mM ammonium 

acetate and the cells were washed two times and 

resuspençled in fresh medium. At the indieated interva1s;, 

Isamples were removed for the determination of the aetiv1ty ...-

of glycogen phosphorylase. A) 1~ OMs6. 8) 1 mM OSSo C) 

10-eM adrenal1ne + 1~OMSO. D) lO- eM adrenal1ne + 1m~ 055. 

Basal glycogen phosphorylase activity was 0.45 + 0.15 U 

(nmol (14]C glucose incorporated into glycogen/m1n/mg wet . ., ". 

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

pe~iments. 
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FIGURE 17. Tritiated der1vatives of phenoxybenzamine. 

For ex~ons, se. Section 3.3.3.1. 
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FIGURE 18. Effect of r-phenoxybenzam1ne on the a1-adrenergic stimula-

tion of glycogen 'phosphorylase in iso1ated 1iver ce11s. 

'Rat liver cel1s were isolated and glycogen phosphory1ase' 

activity was 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 incubated for 20 min at 37'C 

wit,h the indicated concentr'2. of I-POB. FOl{owing 

this, the cells ~ere washed twice and resuspended' in fresh 

buffer'. The ce1ls were incubated for 2 mirl with 10- sM 

adrena1ine and the activity of glycogen phosphorylase was 

determinèd. Data are expressed as percentage of the ac-
. ,. 

tivation, obtained by 10- SN adrenaline in the ~bsence of-

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

experiments. 
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FIGURE 19. Determination of the binding affinity of I-phenoxy-

benzamine in rat l~ver plasma me~branes. 

,II, 

Rat liver plasma membranes w,ere suspended in 50 mM fris/ 

1 mM MgCl2, pH 7.4 buffer at 0.2 mg/ml concentration. The 
, 

preparations were preinèubated for 20 min at 37'C with the 

indicated con~entrations of antagonists and~e binding of 

[3H]Prazosin (0.4 nM final concentration) was determined 

(see Section 2.2.8.2). Dashed line, open circles, pra-

zosin; tashed-dotted 11ne, open triangles, phenoxyben­

zamine; solid 1ine, filled squares, I-phenoxybenzamine. 

The results are expressed as percentage of the b~ndin9 of 

[3H1Prazos1n in the" absence of com~itor (-6.2 pmols/mg). 

Points represent the mean of three experiments. 
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FIGURE 20. Antagonism of vascular a1-adrener9i~ receptors 1n the rat 

1 

-

by I-phenoxybenzamine. 

The experiment wa~ done in male SD rats (~eight 600 - 560 

g).f The animaIs were an!sthet1zed with pentobarbital (40 . . \ 

mg/kg) and the right femoral vein and artery were cannu­

lated. The s;terial cannula w~- connected to ~ preS$ure 
-.........,... , -

transducer and the blood pressure (BP), and the heart rate 

(HR) we.re monitored. Phenylephrine (PhE), arg8 vasopressin 

( 
~ 

AVP) and I-phenoxybenzamine (I-POB), dissolved in saline, 

we~e injected through the venous cannula. lhe graph shows 

the' actual blood pressure and h~art rate record1ngs and 1s 
~ ", 

representative for two exper~ents. Five divisions of the 

grid are equal to 1 min. 
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EFFECT OF ... I~POB ON T~_P~SSOR RESPONSE 

TO PhE ANIf A Vp r 

CONTROL 

BP lDOI .. ~_2. 
mmHg -ut'·, --80" ' 

, 
"l. 

\ 

BR 
bjmln 

80 

3 1 - • i Î 1 ~- 1.1 1 H '-1-1 
1 \ \ \. \n-i:L\ \ -\ H~4\"'-\:: 

t - , 
PhE. 5 pg/kg l.v. 
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~IGURE 21. Time-course,of the block by rabbit ant1sarum of th~ act1-

vati~n of'glycogen phosphorylase by phenylephr1ne in 1so-
~ I .. ~ ~ , .., 

lated hepatocYtes. 

Rat liver cells were" isol.,Ued as descr1bed 1'n Section • 
, \ 

r 

2.2.1. Hepatocytes (10 mg,wet we1ght/ml), were 1ncubated ~ 

c 

. . 
with'rabbit antiserum, diluted 1:10 1n Krebs-Hensele1t 

buffer. At the indicated time per1ods, the Cèlls were 

stimulated'with 10- 5 M phenyle~hrine and the act1vity of 

glycogen phosphorylase was determined (see Section 2.2.2). 

1 The results are expressed' as percentage of the acti'(ation, 
,. . 

pbtained with 10- 5M phenylephrine' in cells, incubated with 

1: 10 dilution of pre-immune rabb1t serum (5.8 + 0.2 U). 

The basai activity of glycogen"i>~osphorylase was 0.8 ± 0.2 

U. The graph is the mean of three experiments. 
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FIGURE 22. Effect of rabbit antiserum on the a1-adrenergic activation 

• of glycogen phosphorylase in isolated hepa~ocytes. 

Hepatocytes were isolated as described in Section 2.2.1-

The cells (10 mg 'wet weight/ml) were incubated for 30 min 

with 1: 10 dilution of untreated (open columns) 'and pread-
1 

sorbed (ha,.tched "column) rabbit serum. The preadsorbtion of 

rabbit serum was done by incubation with 4 mg plasma 

membranes/1 ml serum for 30 min at 37 ·C, following which 

the plasma membranes were pelleted by centrifugation and) 
\ 

the serum was used for the treatment of the liver ceUs. 

After the treatment with rabbit serum, the ceUs were 

stimulated "for 2 min with 10-!lM phenylephrine and the ac-

1 tivity of glycogen phosphorylase was determined (see Sec-. " 

tion 2.2.2). The resul ts are expressed as ~ultiples of the 
1 
basal activity of glycogen Ph,»sPhorylase in the presence 

of 1:10 dilution of pre-immune rabbit serum (0.8 ± 0.2 U). 

Vertical bars indicate mean ± SEM of three experiments. * 
= p < 0.05 versus pre-iml1une serum • 
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FIGURE 23. Selectiv~ black by'rabbit antiserum of the activation of 

glycogen phosphorylase through the a1-adrenergic receptor 

in isolated hepatocytes. 

Hepatocytes were isolated and the activity of glycogen 

phosphorylase was determined as descri~ed in Sections 
. ~ 

2.2.1 and 2.2.2. The cells were incubated.with 1:10 dilu-

tion of pre-~une rabbit serum 1broken lines, opsn sym-
... 

bols) and with rabbit antiserum (solid lins, filled sym­

bols) as indicated in fig. 22. At the end-of the incuba-
.. 

tion, the cells were stimulated with the indicated concen-
.. 

trations of phenylephrine (PhE) and arg8vasopressin (AVP)' 

for twoJ min and the activity of glycogen phosphorylase • 
ij 

was measured. The results are expressed as multiples of. . 

the basal activity of glycogen phosphorylase (0.5 t 0.1 , 

U). The experiment, shown in the graph, is representative 

for a group of three experiments. 
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FIGURE 24. Interaction of rabbi~ antiserum with SOS polyacrylamide 

gel electrophoresis-purified a,-adrenergic reeeptor. 

Bottom: Rat liver plasma membranes were labeled with , 

[3H]POB in the absence (T) and in the presence of 0.1 ~M 

Prazosin (NS), solubilized with SOS-PAGE sam~le buffer and 
. 

electrophorezed on 10% polyacrylamide gel as described in 

Section 2.2.4. The gel was sliced and the radioactivity 

.counted (see Section 2.2.4). Specifie binding (cpm, T - cpm 

NS) is shown on the x-axis. TtW determination of the Hr 

was made by calibration protè~ns, run on the same gel (not 

shawn). Top: SOS~PAGE of unlabeled (A and B) and POB-

labeled (100 nM, see Section 2.2.8.1; C) rat liver plasma , , 

membranes, made on the same gel. The gel was transblotted 

onta a nitrocellulose paper and the strips carrespond~ 
to A, B, and C were eut, ineubated with rabbit an~a-

.,. 
and the antigen-antibody interactions were visualized as 

described in Section 2.2.5. Strips A and C were incubated .. 
with untreated rabbit antiserum (dil. 1:10), whereas strip 

• 
B was incubated with rabbit antiserum, preadsorbed (see 

fig. 22) on plasma mem~ranes pretreated with 100 nH poe. 

The graph is representative for two experiments. 
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FIGURE 25. SDS-polyacrylamide gel electrophoresis of ['H]POB-labeled 

a1-aarenergic receptor. partially purlfied by gel filtra-
I!;> 

tion and WGA-affinity chromatography. 

Rat liver plasma membranes were labeled with [3H1POB, 

solubilized with Triton X-100 and the a,-adrenergic recep-

tor was partially purified b1 gel flltr:ation and WGA­

affinity chromatography (see Section 2.2.8.1, fig. 8 and 

9).~The SOS-PAGE was made ,on a 7.~ polyacrylamide gel and 

the gel was sliced and counted (se~' Section 2.2~4). Inset: 
\ 

estimation of the Mr of the ['H1POB-labeled a1-adrenergic 

receptor (arrow). Points are standards with known 

molecul~r weight (rabbit muscle phosphorylase b, aSA, a 

\ ovalbumin, bovine carbonlc anhydrase, soybean trypsin in-

hibitor, lysozyme). Rf = distance migrated by the 

substance/distance migrated by the tracking dye. The 

recovery of total radloactivity was 75~t 
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TABLE'l. Effect of prolonged in vitço incubation of rat liver calls 
, -:-

on the density and affinity of a1- and B-receptor binding" 

sites. 

, 
Rat liver plasma membranes were prepared from isolated 

~ hepatocytes by the method of Neville '(see Section 2.2.3). 

Crude cell homogènate was obtained by homogenizing the cells ~ 

ill 1 mM NaHC03/1 mM EGTA and two times centrifugation at 5000 
.. 

x 9 for 10 min. For the binding assay, the crude homogenate 
. 

~nd the plasma membranes were suspended in 50 mM Tris/ 

4 mM MgSO. buffer (pH 7.4 for the assay of' the a1- and pH 8.0 
'-

for the assay of the a-reèeptorj). a1~Receptors were assayed , ~ . 
'with [3H] razosin and a-receptors with [3H]CGP-12177' (see 
\ 

Sections 2.2/8.2 and 2.2.8.3). Specifie b1nding of [3Hl ra­

zosin (0.05 - 1.0 nM) was 90-75~ in crude homogenates and 

95-85~ in purified membrânes. Specifie binding of 
é> 

[3H]CGP-12177 (0.25 - 4 nM) was 75-50~ in homogenates and 72~ 

at 2 nM in plasma membrànes. In each live':, binding was 

tested in both O-hr and 4-hr cells. Values are given ± SEM. 

By the paired t test, none of the s..x or Xd values were s1~­

nificantly different between the two treatment groups. The . 

total number of livers t\tsted for each receptor was six wi'th 

crude homogenate and five with plasma membranes. 
',\ 

*Oue to the small amount of pur1fied membranes (6 - 8 ~ ,par 

treatment group per 11ver), B-receptor binding cou Id be'\ss-

" sayed at only a singl~ concentration, 2 nH. 
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O-br 
4-hr 

O-hr 
4-hr 
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Table 1 

Crude hamgenate P.lasma DB.malle 

BJII!X' 
fnDl/m; 

• 

Alpha1-adrenoceptors 

B , max . 
frool/ng 

84.1 + 17.1 104 + 22 _. 330.4 + 96.0 

65.4 .! 11.0
1 

99.! 28 325.8 + 87~2 

Beta-Mrenoceptors 

8.55 + 0.98 700,.! 100 

---7.96 + 1.42 890 + 300 

• 

"'" 

) J 

. -,.,...,4~ .. r_~ .,. 

11.20 + 1.65* 

10.90 + 1.90* 

• 
~ 

7 .. 
1 

. - , ..... 

83 + 24 

102 + 27 
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TABLE 2. Summary of partial purification of the a1-adrenerg!c r,cep-
) tor from rat liver. .. 

1 
For explanations, see f~g. 8 and 9 and,Section 3.2.1. 
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§.1 REGULATION OF THE a,- TO B- CONVERSION OF THE ADRENERGIC 

4 CONTROL OF GLYCOGENOLYSIS IN RAT LIVER: A BOLE FOR 

PHOSPHOLIPASE A2 

The rapid ~ciprocat change in the coupling of â- and B-a~energic 

recept~rs to the~ctivation of glycogen phosphorylase indicates ~hat they 
, c 

share a oo~n regulatory component, or are affected simultaneously by a 
(~ 

regulatory system in the cell membrane, which i5 triggered by the 4-hour 
, '",1 

period of culturing. Our data suggest that in freshly isolated hepato-

cytes the activ1ty of membrane phospholipase A2 is suppressed by a lipo­

modulin-Ilke substance, and that 4-hour incubation increases phospho-

lipase A2 activity. The finding that the antibody ag&inst lipomodulin was 

able to promote the a to B conversi9ns only w~en a1-adrenergic receptors 

were simultaneousfY stimulated, could suggest a synergistic interaction 

between these-two stimuli. Indeed, plasma membr;ne phospholipase A2 was 

sh~wn to be acttvated through a1-adrenergic receptor in certain ce Il 

t,pes (Burch et al., 1986), and there are reports that prolonged incuba­

t{on of 1solated hepatocytes with isoproterenol prevents the time-
l 

deJendent sh1ft from a- to ~-controlled glycogenolysis (Okajima & Ui, 

1982; Befsnes et al., 1983). This cou Id mean that a1- and B-adrenergic 

receptors have oppos~te regulatory influences on m2:brane phospholipase ....... 

A2 act1vity. In our experiments, however, the modulation of the activ1ty 

of pho&phol;pa~e A2 15 t~1ggered through a different, still unidentified 

mechanism, since adrenergic agonists are absent from the medium. Some ex­

perimental data indicate that a protein factor might be i~lved in the 

interconversion phenomenon. Results fram several laborat~ ind1cat~_ 
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that the convers1o~of the adrenergic respanse of isolated hepato~tes is 

prevented by prote1,n synthesis inhibito~s (Okajima & Ui, 1982; Na/amura 

et al., 1983; Ishac & Kunos, 1986). Data, obtained in our }aboratory in­

dicate that incubation of freshly 1solated hepatocytes with the setine . ( 

protease inhibit~phenylmethylsulfonylfluoride,mim1cs the interconv~r-

sion process, and therefore a serine protease, ~ve in freshly isolated 

hepatocytes"might be responsible for the suppression of membrane phos-

pho11pase A2 act1vity (Kunos & Ishac, 1987). Our observation (Table 1), 

that in vitro incubation of hepatocytes for 4 hours in a serum-free 
, 

medium produces no change in receptor densities (Iater confirmed by 
, 

Schwarz et al., 1985; Tsujimoto et al., 1986), 1s in contrast with other 

studies, report1ng reciprocai changes in the density of a1- and 

S-adrenergic receptors after primary culturing (Nakamura et al., 1~84; 
~ \ 

Schwarz et al., 1985). However, the time course of the change i5 much 
..... 

Ion~r (1 ta 2 days) than the time course of the altered receptor res­

ponse and it'seems to require bath the plating of cells and the presence 

of serum (Kunos & Ishac, 1987). Thus, it appears that the changes 1n 
JI' 

receptor de~ity are ~he consequence, rather the cause~ of the primary 

change in receptor coupling. /' 
,,; '~;..v 

The mechanism by which phospholipase" A2 activation may influence 

the coupling ~f hepatic adrenergic receptors is not yet elucidated. In-

creased activity of membrane phospholipase A2 g~nerates lysophosphatidyl-

choline, a powerful endogenous detergent, and arachidonic acid, which 1s 

further metabolized i~eikosanoids. The role of a~;ach1~onic acid me-' 

tabolite in the alter~ a~nergiC ~~onse is sU9gested by the findin6s 

of Ishac & Kunos (1986). Incubation df freshly isolated hepatocytes with 

.1 
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< 
drachidonic acid suppressed a1-adrenergic receptor-controlled glycogeno-

lys1s and 1ncreased the a-adrenergic response. Conversely, removal of 

free f~tty acids from the incubation medium by additlon of fatty acid-

~ free bovine serum albumin throughout the i~c~ation period prevented the 

interconversion, and a cyclooxygenase inhibitor,7 ibuprofen, prevented the 

effects of arachidonic acid (Ishac & Kùnos, ~6). This sU9gests that a 

cyclooxygenase product is involvéd in the in~rse changes in the coupling 

" 

/ 

c 

of a- and B-receptors, although the mode of action of thi5 product 15 not 

yet known. 

A 

~ 

~ 4.2 BIOCHEMICAL AND I~MUNOLOGICAL APPROACHES IN THE 

, CHARACTERIZATION OF THE RAT~LIVER Œ1-ADRENERGIC 

.~ RECEPTOR 

4.2.1 PARTIAL PURIFICATION OF THE HORMONE-BINOING SUBUNIT 

OF THE RECEPTOR, 

Affinity chromatography is the most efficient method for purifica-
o 

tion of hormone receptors. However, the method requires solubilizat1on of 

the receptor in an active state, which we failed to achieve. Therefore, 

we decided to attempt partial purification of the hormone-binding subunit 

of the receptor, prev10usly labeled with the irreversible ligand [3H]POB. • 
) , 

After a limited tryptic digestion of this mater1al, we planned to purify 
~ ~p 

the [3H]PO~-labeled fra~ent and to sequence 1t. This would Rive per-

mitted us to obtain important structural information about a part of the \ 

97 



) 

o 

o 

active center of the receptor. Triton X-100, a patent non-ionie deter­

gent, was ehosen for the solubilizatlon of the [3H~OB,labeled_ a1-

adrenergic receptor (Fig. 6). The first step in the purification was 

preparative, gel flltration, which provides limited 'purification of the . , 

receptor, but separ~tes it from cell membrane lipids and substant1a1 
\ 

amounts of low-molecular weight proteins. For 'he next step, we used 

lectin-affinity chromatography, based on the findings of Meier et al., 

(1984), who showed that the a1-adrenergic receptor in MDCK epithe1ial 
~ 

cell line i5 a glycoprotein with a carbohydrate 5~ificitY of N-acetYl-

glucosamine. Our pilot experiments demonstrated that the a1-adrenergic 

receptor from rat liver has identica1 carbohydrate specificity and is 

retained by WGA-Sepharose co1umns (Fig. ~). Lectin-affinity chromato-

graphy is a1so compatible ~ith the use of non-ionic type of detergents 

(Lotan et al. (1977). The disadvantages of this type of purification 

resides in the 10w efficie~cy of binding of glycoproteins to lectins, and 

the similar 'carbohydrate specificity of different hormone receptors 
II" 

(Hedo, 1984). Indeed, the purification after this step was only 80 fo1d 

(Table 2). The SOS-PAGE analysis of the partia11y purified m.w. of the 
~ 

[3H]POB-labeled a1-adrenergic receptor yielded a sing~e band of ap-

prox1mat~ly 54,000 daltons (Fig. 25). This results 15 different fram ear­

lier findings of two specifically labeled peptides of Mr 80,000 and 

58,000, detected by SOS-PAGE analysis of Sephad~x-purified, (3H]POB-

labeled preparations (Kunos et al., 1983; also fig. 8). It is generally 

thought that the lower m.w. peak i5 a proteolytic product of o~the 
\ 80,000 m.w. intact receptor (Kunos et al., 1983; Leeb-Lundberg et al., 

1984; Venter et al., 1984) and the present results sU9gest-that, desp1te 
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• 
the presence of several protease inhibitors, it was no,t possible to 

prevent proteolytic degradation of the receptor. This might have occurred 

at the step of the WGA-affinity chromatography, which was done at room 

temperature. Therefore, the presence of severai protea5e inh1bitors 15 of . 
limited help, and a11 the pur1~on steps have to be done at 4 ·C. 

Nevertheles5, the product ~f proteolysis still contained the ligand bind-

in9 region, making further processing possibl~. The product of the WGA-
1 • 

affinity chromatography was digested by TPCK-treated tryps1n, and the 
, 

prot~lytiC fragments separated by RP HPLC, as descr1bed by Mayes (1984). 
l 

Trypsin, a serine endopeptidase, cleaves the peptide bonds at the car-

boxyl "side of lysine and' argifline. It has the most restricted specificity 

of action of all known endopeptidases and is weIl character1zed as a tool 

for.the magping of peptides (Bender & Kezdy, 1965; Blow et al., 1969) • 

. Limited proteolysis of membrane-bound a1-adrenergic receptor with tryp-

-sin, chymotryps1n and papa in have yielded water-soluble peptides with 

sizes of 58,000 to 18,000 daltons (Venter et al., 1984). Despite the long 

digestion period, trtfs method of proteolys,is released limited amount 

(30~) of the radioactive label. This might be due to incomplete unfolding 

of the protein. The [3H]POB-labeled peptide obtained by these methods had 

a m.w. of less than 1084 daltons (Fig. 12), and an attempt to determine 

1ts am1no acid sequence was unsuccessful. The small size of the fragment 
-

obtained suggests also that the use of of other proteolytic methods, 

known to produce bigger fragments, su ch as CNBr ~gestion, after car­

boxymethylation of the preparation, 1s more suitable for the peptide map-

ping'of the [3H]POB-labeled a1-adrenergic.receptor. 
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4.2.2 MECHANISM OF ACTIVATION OF THE Ca2 +-LINKED RECEPTORS IN LIVER 

Our experiments demonstrate that sequential treatment of isolated 
/ l 

hep~tocytes by an agonist (adrenaline or vasopressin), and the covalent 

cross-Ilnking agent, DSS, results in a "permanent" activation of glycogen 

phosphoryJase, which is maintained after the removal of the agonist and 
~ 

the cross-linker. We found that the cross-linking does not immobilize a 

'\ significant amount of either type of agonist on the active center of the 

receptor, and the latter remains free for binding of receptor-specific 

ligands. 

DSS is a homobifunctional ester of N-hydroxysuccinimide, with a 
1 

span of 11 A: It is an irreversible cross-linker. ~ince it 1s a hydro-

phobie molecule, it would be expected to react preferentially with amino 

groups embedded in the membrane, the low dielectric constant of wh1ch 

}'\ would favor deprotonation and increased reactivity of the available 
(~ 

~ groups. I~ross-linking by a bifunctional reagent may be considered a se­
t J quential two-step reaction in which the cross-linker first attaches it-

~ 

\\~elf at random to a constituent of the cell by means of one of 1ts func-

tional groups, and then reacts with a neighboring component, producing a 

covalent link between them. Only the first step of this reaction is de-

pendent on the concentration of free cross-linker. It has been found, in 
~ \ 

experiments with neutrophils, that cross-linking with 0.4 - 1 mM DSS and 

other homobifunctional esters of N-hydroxysuccinimide has a mild effect 

and onl~ influences a small number of cellular functions, without inter­

fering with thè cell's viability (Aviram et al., 1984). Interestingly, 

the cross-linking 1nterfered mostly with the functions trisgered by the 
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activation of the fMet-Leu-Phe receptor, but not with the binding of 

fMet-Leu-Phe to the receptor. Cross-l1nking had no effect on trans-

membrane channels such as the glucose transporter, on membrane-bound en-

. zymes such as the Mg2+ATPase and alkaline phosphatase, or on various en-

zyme funct10ns 1n neutroph1ls. In the same study. 1t was found that DSS 

and sim1lar cross-linkers 1nteract with only a small number (6.4%) of the 

available amino groups, from which 22% are located in the plasma 

membrane. The'mildness of the OS~ effect was corroborated by the lack.of 

gross ch~nges in-the SOS-PAGE pattern of cross-linkeGkcells (Aviram et 

al., 1984). This is further supported by our observati~ that DSS alone 

has only marginal effect on the glycogen phosphorylase activity in iso-

lated hepatocytes. v 

Since the t~ent of isolated hepatocytes with DSS in the 

presence of a,-adrenergic and vasopressin V, receptor agonists r~lts in 

a prolonged activation of at least one ~ their target enzyme, the ~ 

glycogen phosphorylase, it is reasonable to suppose that this treatment 

results in stabilization of an agonist-induced active conformation of 

these receptors, and that this form of the receptors is able to activate 
, / 

the glycogen phosphorylase after the agonist dissociates from the com-

plex. Th1s hypgt~siS 1s further supported by the s1milarity in the ef­

fect of the cross-link1ng on two different receptor systems: the a1-

adrenergic receptor and the vasopressin V, receptor. 

In this case, two alternatives have to be considered. One pos­, 
sib11ity is that the cross-11n~ exerts mainly an intra-molecular ac-

~ tian, which results in the stabilization of an agonist-induced active 

conformation of the receptor. A second alternati~ is that the binding of 
• 
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o an agonist to these Ca2+-linked receptors induces, sim~larly to some pep-

'de receptors, a microaggregation of two or more receptor molacules and, 

p sSibly, a transducer protein, in a h1gh molecular we1ght holoreceptor, 

o 

hich represents the activated fonm of the receptor, an~s complex is 
, . 

by inter-molecular cross-linking by OSSo This alternative may 

be tested, first, by radiation-inactivation analysis of agonist-activated 
t 

receptors. 0 f r, the published measurements have been made in the ab-

sen ce ef aga ist (Crause et al., 1984; Venter et al., 1984). Another 

method, of te used in such studies, is analytical SOS-PAGE, but for the 
.I~~-It 

application of this method 1t 1s necessary first, to ~btain an ;l.rrevers-

ible labeling of the analyzed receptor. For the a1-ad\energ1c receptor, 

which 15 in the main line of 1nterest of,this thes1s, the irreversible 

labeI1ng of the receptor presents ser10us technical problems (see Section ) 

3.2.3.1), and our attempts to use the photoactivatable anal09 of pra-

zosin, [125I]Àrylaz1~prazos1n were unsuccessfui. In our hands, thi~ 

ligand was not able te generate a consis~nt and reproducible Iabeling 
, . 

pattern. Our attempt te ~ross-link [3H]Prazos1n te tfue active site of the 
, l ' 

recepter with OSS was also unsuccessful, as shown-above. For the vaso-

pressin V1 receptor, a high speciiic activity [3H]arginine-vasopressin 1s 

available, but in the experimentai conditions we used~ was impossible 

to atta~h it irreversibly to its r.eceptor. The reasen for this fa11ure 15 

unknown. It 1s possible that incubation at 37'C favers a receptor confor-, 

mation in which the amine groups inside'or in the vicinity of the act1ve 

center are shifted away from the range of cress-linking of OSS (11 A). 

~ After the experiment5 ef this thesis ~re completed (end of June 1987), 

two methods for 1rreversible labeling of vasepressin V1 recep~ors were 
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publ1shed. The flrst proposes to use ultravlolet irradiation to cross­

I1nk vasopressin to the receptor (Tibonnier, 1987), and the second 
" proposes to perform tné cross-linking with 1 mM DSS for 15 min at 4·C 

(Fishman et al., 1987). No doubt, these t~o methods, and mainly the la st 

on~, developed for the characterization of vasopressin V1 receptor from 
~ , 

rat liver, will be of great help for the study of the mo~ecular weight of 
, '\, 

../ the activated form of the vasopressin V1 receptor. ( 
1 

Another observation in this study was. that in both systems studied, 

the maximal glycogen p~osphorylase stimulation following tre~tment with 
. 

890n1st and cross-linker was smaller than the maximal response to agonist 

alone, and the rate of activation was slower. This might be eue to a 

smaller than opt~mal number of receptors stabilized by the cross-rinker, 

or to a slower interaction of cross-linker-modi.fied receptors with the 

transducer mechanism.' It is also possible that, lndepende~~iy from the 

action on reeeptors, DSS cross-linking affects the transduber mechanism 

ln the plasma membrane, which leads ta a limitation of the ~aximal 

physiologieal res~onse. 
. 

We noted also that the treatment with DSS alone produces a small, 

but significant inèrease in the activity of glycogen,phosphorylase by the 

end of the period of observation. The mechanism of this effect is un­

known, but 1t m1ght be speculated that it results from the cross-linking 

ot a small ~umbe: of randomly Golliding receptor, in the plasma membrane. 

In conclusion, the data reported above show that the combined ae-

tion of agonist and cross-linker on liver a1-adrenergic and vasopressin, 

V, rèceptors results in a long-tenm activation of their target enzyme. 

The cross-linker stabilized form of the receptor seems to be able to ac-
" 
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tivate the glycogen phosphorylase in the absence of agonist. Cross­

linking with DSS results in a long-term activation of the receptors, but ~ 

doesn't prevent the dissociation of agonists from their active center. 
,~ 

t 

4.2.3. I-?OB - A NOVEL IRREVERSIBLE LIGAND FOR THE 

G 
a1-ADRENERGIC RECEPTOR 0 

•• The persistent difficulties in obtaining a reliable irreversible 
• • 

ligand for the a1-adrenergie reeeptor prompted us to develop",the 1odoben-

zyl derivative of POB. The prel1minary data on the pharmacologieal ae-
1 

~ ~tivity of I-POB, reported in'this thesi5, indieate that this compound i5 

o 

an irreversible antagoni5t of the a1-adrenergic receptor in rat liver and 

rat,vascu1ar smooth muscle, and it binds with high affinity to a1-adr.e-
"" 

nergie receptors in isolated plasma membranes. The chemieal .structur~ and 

the long-term effect of I-POB indieate that its mechanism of action is 

probably similar to the mechanism of action 9f POB, iis parent compound 

(for a detailed review of the mechanism of âction of POB on rat liver 

a1-adrener~c receptor, see Kan, 1983). POB 15 a B-haloaJkylamine, which 

alkylates protein5 through the formation of an azaridlnium ion inter-' 

mediate. Thls alkylating action i5 not specifie for~e a1-adrenergie 

receptor, but it has been demonstrated that poe intera~ts with the a1-
• 

adrenergic receptor by a two step mechanism, the first of whieh repre-

sents specifie, high affinity and reversible binding to the receptor~ The 
, 

ligand forms an ion bond with a carboxyl or a phosphate group in the 

hormone-binding site of the r.eceptor, while its aromatie molety ls at-
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tached at a separate site, a short distance away from the first one 

. 
(Belleau, 1958). The first stage of the bindlng of pas is a relatively 

~low process, in which the b1nding 1s stereoselective (Portoghese & 

Ri1ey, 1971), and'still reversible - POB may be washed out from the 

tissue, or displa~d by a competing llgand. At the next stage, POB reacts ' 

with a nuc\eophile on the receptor to form a covalent bond, and isdPo 

longer in mass-action equllibrlum wlth the receptor (Nlckerson, 1957). 

Used at concentrations ln the subnanomolar range (0.1- 0.5 nM), POB has 

b shown ta be selective for a1-adrenergic receptors in vascular smooth 

et al., 1974') Constantlne & Lebel, 1980; Constantine et 

and rat liver (Kan et al., 1979; Kunos et al., 1983), as weIl 

as in other tissue~, (Dubokovich & Langer, 1974; Doxey~et al., 1977; Min-
',r 

neman, 1983). 

The introduction of ~n iodine atom on the benzyl ring'of POB 

doesn't interfere with the ~pacity of the l~9~nd to bind ta a1-adre­

nergic receptors, but causes a small, approxlmately 3-fold decrease in 

~its binding affinity. This structural modification aI 50 doesn't interfere , 

with the_...tl:t~. protein alky1ating property, as substantiated by the 10n9-

term receptor blockade caused by !-POB. In the future, it will be neces-

sary ta determine the exact time-course of the onset and recovery from 

'4 the a1-adrenergic blockade by I-POB. Also. it will be important tO'study 

in detail the stereoselectivity and the specificity of its binding the 

( 

\ 
(/ 

the a1-adrenergic receptor. As ft has been demonstrated for POB, higher 

nanomolar and micromolar concentrations of B-haloalkylamines are able ta 

inactivate several other types of receptors, fncluding the a2-adrenergic 

(Regan et al, 1984), the opiate (Spiehler & Randall, 1979), the mus-
l 
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I~ .. 
, carinic acetylcholine (Boyd et al., 1ge3), the dopamine (McLennan & Yor~, 

, 
1967), and histamine receptors (Cook, 1971), as weIl as some additional. . , . 

r . '. cellular processes (Boyd et al., 1960; Iversen et al., 1972; Rass et al.~ 
i ' .," 0 

1968). So f,r, the high affinity of bindin~ and the ab~lity of I-POB to, 
A ~ ~ Q 

distinguish'Q between a1-adrenergic receptors and v.asopressfn V1 receptors 
, l, -.' 

C (Fig: ·2 .. 0l,. 1s prO~iS~ng . .'T"h: ève~tu~l use of~I":pèB ~~ an affinity probe 

~r the isolation t~d the, 'm~lecular characferization of a1-adren-ergic 
• ,0 1) 

receptors will 'necessitate the develppment of a radidiodinated form of 
" 

thê compound. "For this purpose, an a~ternative of synthesis has to be 
, \ \ J " 

developed, in which the iod1ne-125 atom will be introduced in the, ligand 
f 

molecule as the last synthetic step. 

( 

" 
,,~ 

4.2.4 IMMUNOLOGICAL CHARACTERIZATION OF THE a1-A~~ENERGIC# 

RECEPTOR FROM RAT LIVER 
(" 

.. J 

-The experiments reported àbove demonstrate that tDe rat liver a1-

adrenergic receptor ~olubilized with Triton X-100 and partially purif1ed 

by gel filtration, is antigenic in rabbits and could be' used ta eliait 

th~·production of antireceptorantibodies. The resù1ts of the present 

study do not permit a more precise analysis of the number of antiô~d1es 

produ~ed, nor the exact place of binding on the receptor m'lecule, but 

are ~emonstrating that at 1east sorne of them bind to a protein with 
I~ , 

80,000' 0 m.w. (Fig. 24 Top, strip B & C). These results a1so indicate the ,. 

absence of antibodies directed against the vasopressin V1 receptor, wh1ch 

is even more abundant than the at-adrenergic receptor 1n hepatocytes, and 
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the honnone-binding subunit of which has a m. w. of in the same 

(Fishman et al., 1987). One can also conclude that the antiser 
. 

conta in antibod1es interfering with'the function 

mechanisms, common to the Ca2+-linked receptors. Since we found'that the 

b1nding of [3H]POB to the active center of the af-adrenergic' receptor 

. decreaseS the binding of antibodies to the rec,aPtor ,protein, it migh~_~ 

proposed 'that the a1-adrener lie receptor-blocking effect of the antiserum 
~ ; . 

1s due to their binding to che active center of the receptor. As 

e~idenced by fig 24, the concentration of these antibodies in t~e rab~it 

an~iserum was very low, and they were present in the serum of the exjl 
perimental animaIs for only 5 months, despite the repetitive boosting. A 

similar phenomenon hasobeen described by Couraud et al. (1983), and has 

baen attributed to -s neutralization of the circulating'- antibody .by an 
, t;'"-' ., ..... 

anti-idiotypic autosntibody, as proposed by Jerne (1~13). Because of such 

problems, further purification of these antibpdies offered little hope to 
.\ 

"obtain sufficient ~mounts to be used in immunoaffinity chromatography of 

the Œ1-receptor. Monoclonal antibodies could offer a viable alternative. 

Ho~ever, 1n a collaborative effort with a NIMH group CF. Hlrata), we have 

'baen unable to identify positive clones with a1-receptor inhibitory ac-

t1v1ty. despite screening of >900 clones originatlng from balb/c mice im­

munized with a partially purified a1-adrenergic receptor preparation from 

rat liver. 

In conclusion, the results'presented above, describe the develop-
, 

ment and the characterization of polyclonal antibodies against the rat 

11ver Œ1-adrenergic-receptor. We have been able to detect the presence of 

antibodies a9ainst the a1-adrenergic receptor and to show the binding of 
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such antibodies to the receptor protein. This 'was used as an independant 

" confirmation Of previous determination of the m.w. of the hormone-b1nding 

subunit of the receptor (Kunos et al., 1983; Leeb-~undber9 et al., 1984). 
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" 
1. The ~eChanl.5m of t)e tlme-dependent Shlft of the adrenergic con ... 

trol of hepatic 91YCOgenO~iS was studied in male rats. Incubation of 

.\S0lated hepatocytes for 4-hr ln a serum-free buffer leads ta a reduction 

of the glycagenolytlc effect of phenylephrine and the simultdneous 'emer-

gence of a glycogenalytic ,response tri lsoproterenol wlthln 4 hr. The 
, .. 

Ume-dependent Shl ft in the adrenergic control of glycogenolysls i9 as-

soclated wltn nQ; change ln the glycogenolytic response ta the Ca2 +-linked 

actlvator vasapresslnJ', and a reduction of the glycogenolytic response to 

the cAMP-llnked actlvator glucagon. In Vl.tro incubation of hePai:ocytes 

doesn' t influence the density or affinlty of [3 H] prazosin-labeled a1-re-
/ ' 

ceptors and [3H]CGP-12177-1abeled J3-receptors. In cells preincubated for 

4 hr 7 a further 30-min incubation with 5~M lipomodulin, an endogenous 

inhibitor of membrane phospholipase( A2, r erses the a~energft; activa­

tion of glycogen phosphorylase from a (3- 0 (an a1-receptor-mediated 

event, whereas in freshly isolated ceUs lipomodulin doesn't affect the 

predominant a-receptor response. Conversely, exposure of freshly isolated 

" ,cells ta a monoclonal antibody to lipomodulin in the presence of 10 f.JM 

phenylephrine, or to mellitln, arr activator of PhOSPhO~.;!;~,~se A2, at ' 

2 J..lg/ml, results ln the suppres/ion of the effect of phentlephrlne and 

the emergence of a response ta 1soproterenol within 30 min. It 1s 

proposed that lCoupling of hepatic Il!- and J3-adrenergic receptors ta 

postreceptor pathways is regulated in an inverse reciprocal manner by 

changes in membrane phospholipase Az activity. 
~ .J 

2. We made an attempt to isolate a the fragment of the hormonal-

binding subunit of the a1-adrenergic receptor to wh1ch binds the irre-

vers1ble antagonist [3HJPOB. W~ found that the rat liver a1-adrenergic 

) 
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receptor 15 a s1alyated gly~oprotei~. The a1-adrenergic receptor was 
, 

labeled with [3H]POB in rat liver plasma membranes, solub111zed with 

Triton X-100 anf partially purified by gel filtration and wheat germ ag­

glutinin chromatography. The resulting mate rial (2.7 mg protein), was 

digested wlth TPCK-treated trypsin, whlch releaSJd ~30% of the proteln-
) , 

bound [3H]PO~. The [3H]POS-labeled peptide was p rified by reverse phase 

HPLC and gel permeation HPLC. It was found that trypsin digestion of the 

[3H]POB-labeled a1-adrenergic receptor releases a peptide with ~ of <600 

daltonstunSUitable for sequenc~n9 . 
"\ 

3. The mechanism of the agonist activation of two Caz~-linked hor-

mones, vasopfessin and adrenaline, was studied in isolated rat liver 
\. 

cells. In rat liver plasma membranes, treatment with 1 mM of the homobi-

functional cross-linker of amino groups disuccinimidyl suberate, was nct 

able tQ prevent the dissociation of bound vasopressin from the V1 recep­

tor or bound [3H]Prazosin from th~1-~ecePtor. When isolated hepatocytes" 

were stimulated with 10~7M vasopressin, by cross-linking with 

1 mM disuccinirllidyl suberate, 

mained activated after 

Siml1arly, when the 

treated with the c 

long time. 

tors for 

cogen phosphorylase re-

hormone from the receptor. 

10-eM adrenaline, and 

r_r"nr,on phosphorylase was activated for a 

agonist binding to the Ca2 +-11nked recep-

line results in microa99regation, which 

of the postreceptor mechanisms. 

rmacological activity of a novel Irreversible a1-adre~ 

_.#, ..... ".utor antagonist was studied. I-phenoxybenzamine, a derivative 

",~PhenOXYbenZamine, was found ta be a patent; 1nhibitor of the a1-adre-
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nergic actlvatlon of glycogen phosphorylase in isolated 

~ hepatocytes, wlth an ECso of 1 nM. T~ Kso for the displacement of 

o 

[3H]Prazosin blnding to the a1-adrenergic receptor in rat liver plasma 

membranes was 2 nM. We found that I-phenoxybenzamine prevented the ac-

tivation of the vascular a1~adre~ergic receptors in the rat by 

phenylephrine, but didn't interfere with the activation of the vasopres­

sin receptors by vasopressin. We found thdt ~ a1-adrenergic block 

lasted for at least 24 hr. 

5. The pharmacological activity of anti-a1-adrenergic receptor 

polyclonal anti~tJies was investigated. Rabbits were immunized with a1-

adrenergic receptor preparation; obtained by solubilization of rat liver 

plasma mempranes with Triton X-100 and partial purification by gel 

filtration. The rabbit antisera, used at dilution 1:10, interfered with 

the a1-adrenergic ~ctivation of glycogen phosphorylase in isolated 

hepatocytes, but not with the activation of glycogen phosp~orylase by 

vasopressin. When rat liver plasma membranes are solubilized with SOS 

resolved by'SOS-PAGE and \ransblot~ed onto a nitrocellulose'paper, treat­
i 

ment with rabbit antiserum showed bindi~g of antibodies to a protein with 
, 

~ 80,000 daltons, shown to be the hormonal binding subunit of the a1-

adrenergic receptor. Pretreatment of the plasma membranes with 100 ~ POS 

interfered with the antigen-antibody interaction. 
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