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Mamince a tatinkovi 

... le désir de l'ordre veut transfomzer l'univers 
humain en un règne inorganique où tout marche, où tout fonctionne, oit 

tout est assujetti à une règle supérieure à l'individu. Le désir de l'ordre est 
en même temps désir de mort, parce que la vie est une perpétuelle violation 

de l'ordre. Ou, inversement, on peut dire que le désir de l'ordre est le 
prétexte vertueux par lequel la haine de l'homme justifie ses forfaits. 

(Milan Kundera dans "La mise aux adieux") 
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In this study we present the synthesis and phannacological characterization of 
different classes of peptidic Angiotensin Il (Angll) analogues modified principally at 
position 8. These analogues can be used to explain the conformational changes, which 
Angll receptors undergo upon ligand binding. The first class of Angll analogues 
synthesized were Tyr4-palmitoylated analogues of general structure [Sar1, Y(O-
Pal}4 ,X]Angll, where X presented either Gly, Ala, Ile, Leu, BrsPhe 
(pentabromopbenylalanine) , D-PNal (beta-napbtylalanine) or Phe. Binding studies on 
bovine adrenocortical membranes sbowed that these analogues keep their affinity for the 
AT I receptor despite palmitoylation having pKi values around 8. Pharmacologically these 
analogues resemble their non-palmitoylated equivalents. Ali the analogues were 
antagonists of AT 1, except [Sar1, Y(O-Pal}4]Angll, whicb exerted full agonistic 
properties. Furtbermore, this study showed that palmitoylated antagonists exerted long-
lasting antagonistic effect in vitro, which persisted for several hours, and that these 
analogues acted specifically and ail the observed effects were driven via the AT 1 
receptor. 

The second class of analogues contained a benzoylphenylalanine-like (Bpa) 
residue at the position 8 of Angll. Four new ligands, which were potentially photoactive 
were synthesized, three of which could be directly iodinated within the Bpa-moiety. 
Photolabeling studies revealed that two of the four tested analogues, 125I-[Sar1 ,p '-I-
Bpa8]Angll and 1251-[Sar1 .p '-N0i-Bpa8)Angll photolabeled the human AT 2 receptor 
(bAT2) but did not photolabel the human AT1 receptor (bAT1). CNBr chemical digestion 
of the photolabeled bAT2 complexes confirmed that the site of attachment of p'-I-Bpa8 
and p '-N02-Bpa8 co7.nded to that of Bpa8 previously reported to be situated in the 
3rd TMD within Met12 -Met138. Site-directed mutagenesis of hAT1 and hAT2, where 
different mutations were introduced close to the previously reported contact points of 
Bpa8 with the receptor, have shown that selective photolabeling of bAT2 by 1251-[Sar1 ,p ·-
N02-Bpa8]Angll resulted from an increased selectivity of Bpa and p '-N02-Bpa for Met 
presented in the site of attachment of hA T 2• Furtbermore, these results indicated that 
Met128 and Met138 from the 3rd TMD ofhAT2 equally contribute to the binding of position 
8 of Angll. 
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RÉSUMÉ 

NOUVEAUX ANALOGUES PEPTIDERGIQUES DE L' ANGIOTENSINE II : 
SYNTHÈSE ET CARACTÉRISATION PHARMACOLOGIQUE 

par 
LENKA iullAKOV A 

Département de pharmacologie 
Thèse présentée à la Faculté de Médecine 

dans le cadre de l'obtention 
du degré de Philosophiae Doctor (Ph.D.) 

Dans cette étude, nous présentons la synthèse et la caractérisation 
pharmacologique de différentes classes d'analogues peptidergiques de l'Angiotensine II 
(Angll), modifiés principalement en position 8. Ces analogues peuvent être utilisés pour 
expliquer les changements conformationnels, que les récepteurs subissent suite à la 
liaison du ligand. La première classe d'analogues de l'Angll qui a été synthétisée 
comprend des analogues palmitoylés sur la Tyr4• Leur structure générale est [Sar1 ,Y(O-
Pal) ,X]Angll où X représente soit Gly, Ala, Ile, Leu, BrsPhe 
(pentabromophénylalanine), D-l}Nal (béta-naphtylalanine) ou Phe. Les études de liaison 
sur des membranes provenant de surrénales de bovin ont montré que ces analogues 
gardés leurs affinités pour le récepteur AT I malgré la palmitoylation, avec des valeurs de 
pKï autour de 8. Pharmacologiquement ces analogues ressemblent à leurs composés 
parents non palmitoylés. Tous les analogues sont des antagonistes d'AT1, excepté 
[Sar1.Y(O-Pal}4]Angll, qui exerçait des propriétés d'agoniste complet. De plus, cette 
étude a montré que les antagonistes palmitoylés possédaient des effets antagonistes de 
plus longue durée in vitro, qui persistaient durant plusieurs heures, et que ces analogues 
agissaient spécifiquement avec des effets observés conduits uniquement via le 
récepteur AT 1. 

La seconde classe d'analogues contenaient le résidu benzoylphénylalanine (Bpa) 
en position 8 de l'Angll. Quatre nouveaux ligands, qui sont potentiellement 
photoactivables, ont été synthétisés, trois pouvaient être iodés directement au niveau du 
groupement Bpa. Les études de photomarquage ont révélé que deux des quatre analogues 
testés, 125I-[Sar1

, p' -I-Bpa8
) Angll et 125I-[Sar1

, p' -N02-Bpa8]Angll photomarquaient le 
récepteur humain AT2 (bAT2) mais pas le récepteur humain AT1 (hAT1). La digestion 
chimique au CNBr des complexes hAT2 photomarqués, a confirmé que le site 
d'attachement de [Sar1, p'-I-Bpa8]Angll et [Sar1, p'-N02-Bpa8]AngII correspondait à 
celui de Bpa8 reporté auparavant, qui se trouve dans le troisième domaine 
transmembranaire entre M 128-M138• La mutagénèse dirigée des récepteurs AT1 et AT2, où 
différentes mutations ont été introduites proches des points de contact de Bpa8 reportés 
r:récédement dans le récepteur, ont montré que le photomarquage sélectif de hA T 2 par 

25I-[Sar1, p' -N02-Bpa8]AngII résultait d'une sélectivité accrue de Bpa et p' -N02-Bpa 
pour les résidus méthionines firésents dans le site d'attachement de hAT2. De plus, ces 
résultats ont indiqué que Met1 8 et M138 du troisième domaine transmembranaire d'hAT2, 
contribuaient de manière égale à la liaison de la position 8 de I' Angiotensine Il. 



INTRODUCTION 

1.1 ANGIOTENSIN 

1.1.1 Renin-angiotensin system 

The renin-angiotensin system (RAS) is a multienzyme, multisubstrate cascade, 

which produces number of biologically active substances, from which angiotensin II 

(Angll) is the oldest to be known and probably also the most important. Angll is an 

ôctapeptide (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe) derived from a precursor 

angiotensinogen. Angiotensinogen is a glycoprotein with a molecular mass of 57 kDa 

synthesized mostly by the liver (TEWSKSBURY, 1983). The maturation of 

angiotensinogen (figure 1) starts by the release of the protease renin from the 

juxtaglomerular cells of the kidney under conditions of sait or volume loss or under 

sympathetic activation (GRIENDLING et al., 1994). Renin (EC 3.4.23.1S) is an aspartyl 

endoprotease and once maturated (i.e. prorenin renin), it is released into the circulation 

(HOBART et al., 1984). Upon action of renin on angiotensinogen, the decapeptide 

angiotensin I (Angl) is liberated. Angl has a short half-life and it is rapidly cleaved by the 

angiotensin-converting enzyme (ACE). Products of this cleavage are the vasoactive 

peptide Angll and the dipeptide His-Leu. ACE is a monomeric zinc-metallopeptidase 

(EC 3.4.1S.l) composed of two homologous domains with two zinc-containing binding 

sites as active centers. The catalytic sites of the enzyme are localized on the luminal 

surface of endothelial and epithelial cells. The lungs, containing a high quantity of these 

cells, are the principal organs implicated in the formation of systemic Angll. ACE is also 

known as kininase II, since it also inactivates bradykinin (STEWART et al., 1981). It bas 
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Figure 1. The renin-angiotensin system. Schematization of the cascade leading to the 

formation of Angll. 
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been reported that Angll can be synthesized by an alternative, ACE-independent 

pathway, which implicates the chymotrypsin-like Angll-fonning enzymes (chymase; EC 

3.4.21.39) (DZAU et al., 1993; PHILLIPS et al., 1993; LIAO et al., 1995). ln addition to 

the circulating RAS, several local RASs are evident in organs such as the heart, kidney, 

adrenal gland, brain and in the blood vessels. Angll, locally generated in these tissues, 

influences the function of other organs and cardiovasculature (TIMMERMANS et al., 

1993). 

Angll, the principal active component of RAS, plays a major role in the 

physiology of the cardiovascular system by affecting divers target tissues such as (1) 

vascular smooth muscles to stimulate vasoconstriction, (2) myocardium to increase heart 

rate and contractile force, (3) adrenal cortex to release aldosterone ( wbich in turn 

influences Na+ reabsorption and water retention), (4) adrenal medulla to release 

catecholamines, (5) pituitary to regulate release of vasopressin and (6) brain to increase 

thirst and drinking and to stimulate centrally mediated pressor response 

(SAAVEDRA, 1992). The peptide also promotes cardiac hypertrophy and contributes to 

the neointimal proliferation of vascular smooth muscle cells following arterial injury 

(SCHELLING et al., 1991 ). The potential role of Angll as a growth factor also implicates 

this honnone in the pathogenesis of hypertension and atherosclerosis (KRIEGER AND 

DZAU, 1991). Until now it seems that Angll is responsible for almost ail the 

physiological effects caused by the RAS, which, in general, regulates directly or 

indirectly an augmentation ofblood pressure. 
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The half-life of Angll in the circulation is only about 12 s since it is a substrate 

for many peptidases. These enzymes can attack the N-terminal amino acid 

(aminopeptidase A (EC 3.4. l l. 7), aminopeptidase B (EC 3.4. l l.6), aminopeptidase M 

(EC 3.4.11.2), and aminopeptidase N (EC 3.4.11.7)), the C-terminal amino acid 

(carboxypeptidase P) or cleave peptide bonds inside of the peptide chain 

(endopeptidases). Sorne of the catabolic products (figure 2) of the above mentioned 

enzymes display important biological functions (Angill, Ang ( 1-7), AngIV aud Ang (3-

7)) (FERRARIO et al., 1991; HARDING et al., 1992, WRIGHT AND HARDING, 

1997). 

Angiotensinogen l Ra;n 

Angiotensin I l ACE 

Angiotensin Il 

' aminopeptidase A 

l 2 3 4 5 6 7 8 9 10 11 12 

D-R-V-Y-I-H-P-F-H-L-V-1-R 

l 2 3 4567 8910 

D-R-V-Y-1-H-P-F-H-L 

12 3 4567 8 

D-R-V-Y-1-H-P-F 

dipeptidyl-
2 3 4567 8 

aminopeptidase Ill Angiotensin ill - R - V - Y - 1 - H - P - F 
/ l ;--•BorM 

Angiotensin IV 

3 4 5 6 7 8 

V-Y-1-H-P-F 

Figure 2. Biochemical cascade of the RAS. Primary structures of the components of the 

RAS and the enzymes implicated in their production. 
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1.1.2 Angiotensin receptors 

The effects of Angll on its target organs are mediated by plasma membrane 

receptors. Two major classes of mammalian receptors, AT, and AT2, have been 

thoroughly pharmacologically and biochemically characterized. Direct evidence for 

heterogeneity in Angll receptor populations results ftom the cloning studies and the 

development of subtype-selective non-peptidic receptor antagonists. 

1.1.2.1 The AT1 receptor 

AT I mediates most of the known physiological functions of Angll and it has been 

detected in the spleen, kidney, liver, vascular smooth muscle, heart, lungs, brain, pituitary 

and adrenal glands. Pharmacologically, the AT, receptors can be distinguished by its 

selective affinity for biphenylimidazols (e.g. losartan) and their insensitivity to 

tetrahydroimidazopyridines (e.g. PD 123 177 and PD 123 319) (BUMPUS, 1991). These 

receptors have higher affinities for Angll (pKi 8.34) and Anglll (pKï 7.29) than for Angl 

(pKi 6.15) (BOULEY, 1998). AT1A and AT1e receptors are the two main subtypes of 

mammalian AT I receptors. Both receptors have almost similar functional property, 

however, the expression of their mRNAs is differentially regulated (1W AI et al., 1992). 

The AT IA receptor was originally cloned from rat kidney and vascular smooth muscle. 

The AT,8 receptor bas been cloned ftom the rat anterior pituitary gland and has 95% 

homology with the AT1A subtype (SASAMURA et al., 1992; ELTON et al., 1992). Both 

the AT1A and the AT18 proteins consist of 359 amino acids and their inolecular mass was 

calculated as 41 kDa. However, the actual molecular mass of the receptor varies 

depending on the species. This high variation is due to a variable degree of N-
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glycosylation of the receptors (CARSON et al., 1987, LANCTOT et al., 1999). lt has 

been shown that on SOS-PAGE, the bovine AT I receptors (bAT,) migrates with the 

apparent molecular mass of 60 kDa but human AT1 (hAT1) receptor with molecular mass 

of 110 kDa (DESARNAUD et al., 1993; SERVANT et al., 1994; LAPORTE et al., 

1996). AT I receptors belong to the family of seven transmembrane domain, G-protein 

coupled receptors (figure 3). Each of the four putative extracellular domains contains a 

cysteine residue, which fonn together two disulfide bridges (Cys18-Cys274
, Cys101-Cys180

). 

These two cystines stabilize the tertiary structure and are necessary for AT I receptor 

function and agonist binding (OHYAMA et al., 1995). It also explains the sensitivity of 

the AT I receptor binding towards sulfbydryl reducing agents, such as dithiothreitol 

(DIT), which are known to decrease the binding capacity of the AT, receptors 

(GUNTHER, 1984; CHIU et al., 1989). 

The AT I receptor is connected with multiple effectors. Oepending on the cell 

type, the AT1 receptor activates phospholipases C, A2, 0 (via the Gq111 protein), and 

voltage-dependent calcium channels (via the G1 2113 protein) (MACREZ et al., 1997). AT1 

has also been shown to inhibit adenylate cyclase (via Gï protein), or to couple directly to 

kinases, thus initiating a tyrosine phosphorylation cascade. Stimulation of phospholipase 

C (PLC) and phospholipase O (PLO) leads to the production of the second messengers 

inositol-1,4,5-triphosphate (IP3) and 1,2-diacylglycerol (DAG) (BROCK et al.,. 1985; 

GRIENDLING et al., 1986; LASSEQUE et al., 1993). IP3 binds to its receptor and 

provokes the release of calcium from the intracellular stores (BERRIDGE AND IRVINE, 

1984), resulting in activation ofnumerous calmodulin-dependent enzymes (KLEE, 1988). 
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extracellular 

intracellular 

Figure 3. Model of the human angiotensin Il, type 1 receptor (hAT1). Two-

dimensional representation of the topology of the receptor. The three potential N-

glycosylation sites (Asn4, Asn176 and Asn188) are in orange. Blue circles represent four 

cysteine residues (Cys 18, Cys101 , Cys180 and Cys274), that are probably implicated in 

formation of two disulfide bonds. 
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DAG produced either directly by PLC or indirectly by the sequential activation of PLD 

and phosphatidic acid phosphobydrolase, activates protein kinase C (PKC) (TSUDA et 

al., 1993). Activated PKC and calmodulin-dependent kinases then mediate specific 

cellular functions, sucb as contraction or growtb in cardiovascular system. Activation of 

PLA2 leads to arachidonic acid release. Arachidonic acid is a precursor for generation of 

eicosanoids. ln proximal tubular cells, coupling of the AT I receptor to PLA2 seems to be 

the major signaling pathway (MORDUCHOWITCZ et al, 1991). As mentioned, the 

coupling of AT I to adenylate cyclase is inhibitory. By inhibition of cAMP production, 

Angll can, for example, attenuate Na+ -transport across proximal tubular epithelium 

(DOUGLAS et al., 1990). Angll stimulation of AT1 can even cause phosphorylation of 

several cellular proteins on tyrosine residues (TSUDA et al., 1992; MOLLOY et al., 

1993; KAI et al., 1994). 

1.1.2.2 Angiotensin D and restenosis; role of the AT1 receptor 

Angll elicits many of the intracellular signaling responses that are typically 

associated with the activation of growtb factors. Tbese include tyrosine phosphorylation, 

most immediately of PLC-y and subsequently of several other downstream proteins and 

cffector enzymes. Tbese include pp60c-src, ppl20, ppl2SFAK, JAK2, STATs, paxillin, 

TYK2, and MAPK (BERNSTEIN AND MARRERO, 1996), and increased expression of 

several early response genes including c-fos, c-jun, and c-myc {BERK AND CORSON, 

1997). The mechanism by whicb Angll stimulates tyrosine pbosphorylation and PLC-y 

activation involves binding of this enzyme to the C-terminal cytoplasmatic domain of the 

AT, receptor, which has been phosphorylated on tyrosine residues. (VENEMA et al., 
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1998). Once PLC-y is activated, the signal is transmitted to the nucleus via a rapid 

activation of Ras with subsequent effects on cell differenciation and growth 

(SCHIEFFER et al., 1996). 

The above mentioned hyperthrophic and hyperplasie effects of Angll can result in 

development of atherosclerosis (KRIEGER AND DZAU, 1991), which bas to be often 

surgically treated by either bypass surgery or angioplasty. Percutaneous transluminal 

êoronary angioplasty is an invasive procedure and it serves as a first choice treatment for 

atherosclerosis. Post-angioplastie restenosis, however, often occurs as a result of 

pathological formation of neointima (i.e. scar tissue) at the site of injury. This is due to a 

change of phenotype of smooth muscle cells from contractile to synthetic, thus leading to 

the re-closure of the blood vessel. Neointima formation is mediated by many agents. The 

implication of Angll bas also been demonstrated on animal model as well as on cell 

culture experiments (KRIEGER AND DZAU, 1991; SCHELLING et al., 1991). To this 

date, results of several research groups show that non-peptide antagonists selective for 

the AT1 receptor (e.g. losartan, L-158 809) have only partial efficacy on the rat model 

and none on some other animal models of post-angioplastic restenosis. However, a non-

selective peptidic antagonist of Angll receptors, [Sar1 ,Br5Phe8]Angll, produced, at 

infusion rates far below those used for non-peptidic analogues, a practically complete 

inhibition of neointima formation and restenosis in the rat animal model (LAPORTE et 

al., 1992; PHAM et al., 1996). Phannacologically, [Sar1 ,Br5Phe8]Angll represents non-

selective, insurmountable antagonist of the AT1 receptor (BOSSE et al., 1990). 
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1.1.2.3 The ATz receptor 

The AT 2 receptor is the second class of Angll receptors to be cloned and 

characterized (KAMBAYASHI et al., 1993; NAKAJIMA et al., 1993). Unlike AT1 

receptors, AT 2 receptors have a very low affinity for biphenylimidazoles and a high 

affinity for tetrahydroimidazopyridines (BUMPUS et al., 1991). The AT2 receptor is also 

distinct from the AT I receptor in its tissue-specific expression, signaling mechanisms, 

and diversity in molecular mass. There is a difference in binding potency of Ang 

fragments to AT2 receptor, compared to AT1 receptor (Angll~Angill >Angl). Angll and 

Angill bave approximately the same affinity for the AT2 receptor (pKï 9.59 and 9.89 

respectively). The affinity of Angl for the AT 2 receptor is characterized by the p.Kï value 

of 7 .95 (BOULEY et al., 1998). The AT 2 receptor also belongs to the seven trans-

membrane domain receptor family. lts molecular mass is calculated to be 41 kDa (figure 

4). However, the 363-amino acid protein is only 34% identical to the AT 1 receptor. The 

homology is mainly localized in the trimsmembrane hydrophobie domains 

(KAMBAYASHI et al., 1993; NAKAJIMA et al., 1993). The AT2 receptor bas five 

potential glycosylation sites (MUKOYAMA et al., 1993). The apparent molecular mass 

variability of the AT2 receptor ranging between 60 to 120 kDa may be due to a difference 

in the extent and type of glycosylation, as shown by SERVANT et al. (1994). There are 

also four cysteine residues in the extracellular portion of the receptor but unlike the AT 1 

receptor, binding and affinity of the AT2 receptor is not influenced by OTT (CHANG et 

al., 1982 and 1990; WHITEBREAD et al., 1989; SPEm et al., 1991 ). 
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extracellular 

intracellular 

Figure 4. Model of the human angiotensin Il, type 2 receptor (hAT2). Two-

dimensional representation of the topology of the receptor. The five potential N-

glycosylation sites (Asn4, Asn13, Asn24, Asn29 and Asn34) are in orange. Blue circles 

represent four cysteine residues (Cys35, Cys114, Cys195 and Cys290) situated in the 

extracellular portion of the receptor. 
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The AT 2 receptor is expressecl abundantly and transiently in fetal tissue but only in 

adrenal, pancreatic, uterine, heart, vascular endothelial, and brain tissues in adult 

mammals. Under pathophysiological conditions such as skin lesions, cardiac failure, or 

postinfarction repair, a transient increase in AT 2 receptor expression has been reported 

(MA TSUBARA, 1998; UNGER, 1999). 

The signal transduction pathway of AT 2 receptor-stimulation is not well 

understood. Binding of AT 2 receptor agonist leads to a decrease in cGMP production in 

newonal cells (SUMNERS AND MYERS, 1991; BOTTARI et al., 1992) or to an 

increased arachidonic acid production in cardiac cells (LOKUTA et al., 1994). lncrease 

of K+ -current (KANG et al., 1994, 1995) and inhibition of the T-type Ca2+ channel 

(BUISSON et al., 1992, 1995) have also been observed. A serine/threonine phosphatase, 

phosphatase 2A, can be activated by the AT 2 receptor in newonal co-culture (HUANG et 

al., 1995, 1996). Involvement of phosphotyrosine phosphatase as a main messenger in the 

signal transduction of the AT 2 receptor bas also been postulated (HORIUClll et al., 

1998). The fact that AT 2 stimulates dephosphorylation of phosphotyrosine, and 

deactivates by this way a number of intracellular enzymes (especially kinases), also 

brought the hypothesis that AT 2 activation may physiologically antagonize the activation 

of the AT1 receptor (NAKAJIMA et al., 1995). lt bas been recently shown that AT2 

inhibits proliferation of endothelial cells of rat coronary arteries, stimulated by seric 

factors (STOLL et al., 1995). Furthermore, NAKAJIMA et al. (1995) have shown that an 

injection of a coding trans-gene of AT 2 diminishes neointimal formation in an animal 

model of the post-angioplastic restenosis. 
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1.1.2.4 Atypical Angll sites 

Specific high-affinity binding sites for 1251-Angll have been described on two 

species of Mycop/asma that commonly infect eucaryotic cell cultures (BERGWITZ et al., 

1991; WHITEBREAD et al., 1993). Although these sites have high affinity for Angll, 

they differ markedly ftom AT I and AT 2 receptors in having high affinity for Angl but 

very low affinity for Anglll and (Sar1 ,Ala8]Angll. The binding of 1251-Angll was 

unaffected by micromolar concentrations of losartan and PD123 319. The binding site of 

Angll from Mycop/asma hyorhinis bas been photolabeled by SERVANT et al. ( 1997) 

using [Bpa 1 )Angll (Bpa = benzoylphenylalanine ). This Angll binding protein bas 

apparent molecular mass of 95 kDa. Treatment with glycopeptidase F (PNGase-F) did 

not affect the molecular mass of the protein, which suggests that this protein is not N-

glycosylated. However, the structure and function of these mycobacterial binding sites is 

unknown. 

High (Ko 1.6 nM) and low (K.0 22 nM) affinity binding sites that are insensitive 

to Iosartan and PD 123 319 have been identified on Xenopus cardiac membranes 

(SANDBERG et al., 1991), and similar sites are also present on Xenopus follicular 

oocytes (JI et al., 1990). The cardiac sites have high affinity for Angll, Anglll and 

peptidic Angll analogue [Sar1 ,Ile8]Angll (non-selective peptidic antagonist), moderate 

affinity for Angl, and are sensitive to DIT (BERGSMA et al., 1993). Two distinct but 

closely related cardiac receptors (xAT) have been cloned (BERGSMA et al., 1993; JI et 

al., 1993); they share 89% amino acid sequence homology and are 60-63% homologous 

to the AT, receptor. 
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In the chicken, Angll mediates a depressor effect via vascular angiotensin 

receptors, which mediates vasodilatation (STALLONE el al., 1989). However these 

chicken receptors seems to be different from AT, and AT2 receptors since they have only 

moderate affinity for [Sar1 ,Ile8]Angll. Another similar avian receptor has been cloned 

from the turkey adrenal gland (CARSIA el al. 1993; MURPHY el al., 1993). lt has 75% 

sequence homology with AT 1, it is insensitive to losartan and PD 123 319 but it has high 

affinity for Angll (pKo 9. 77) and [Sar1 ,Ile8]Angll (pK0 8.32). 

Recent studies have indicated that some smaller fragments of Angll, particularly 

Ang(l-7) and Ang(3-8), are also biologically active. Furthermore, these fragments appear 

to act via receptors that are distinct from AT1 and AT2 receptors. Ang(3-8) is known as 

AngIV. It has low affinity for classical angiotensin receptors but it binds specifically and 

with high affinity (Ko 0.6-1.85 nM) to sites present in a range of tissues including 

adrenal, kidney, heart, liver, lungs, uterus, blood vessels and a variety of brain nuclei 

(SWANSON el al., 1992; HARDING el al., 1992; HALL el al., 1993; HANESWORTH 

et al., 1993; MILLER-WING et al., 1993, SARDINIA el al., 1994). The sites have been 

termed AT4 (SARDINIA et al., 1994) and they are insensitive to losartan and PD123 319. 

They also have low affinity for Angll, Angill and [Sar1 ,Ile8)Angll (BERNIER et al., 

1995). The AT 4 receptor has one transmembrane domain, a large extracellular N-terminal 

and a short intracellular C-tenninal (BERNIER et al., 1999). The signal transduction 

pathway associated with the activation of AT 4 receptor is unknown. However AngIV 

possesses unique biological properties that may be important in cardiovascular 

physiology and behavioral regulation. 



15 

Ang(l-7) is a biologically active peptide present in the brain (CHAPPELL et al., 

1989; FERRARIO et al., 1990) which may have reciprocal actions to those of Angll in 

the central control ofblood pressure. Ang(l-7) enhances the production ofprostaglandins 

(JAISWAL et al., 1991 and 1992). The effect of AT, and AT2 selective ligands 

influences the prostaglandin release in a specific manner indicating an existence of a 

specific receptor (FELIX et al., 1991; BENTER et al., 1993; SANTOS et al., 1994 ). 

f.1.3 Contact points of Angll and the AT1 receptor 

Since the first synthesis of Angll (BUMPUS et al., 1956; RITIEL et al., 1956), 

many different analogues of this peptide have been prepared. Structure-activity studies 

using these analogues belped to determine the influence of each amino acid in the 

sequence of Angll on its affinity and biological activity (REGOLI et al., 1974, KHOSLA 

et al., 1974). However, sucb studies did not explain the conformational changes, which 

receptor molecules underwent upon agonist binding and the events leading to activation 

of a receptor. This information can be particularly important for development of a ligand 

as selective and potent as possible (CASCIERI et al., 199S). On the other band, attempts 

to resolve the atomic structure ofGPCRs (GPCR = G protein-coupled receptors) have not 

been successful yet, with exception of bovine rhodopsine (PALCZEWSKI et al., 2000) 

primarily because of the difficulty to generate crystals of integral membrane proteins that 

are suitable for X-ray crystallography. Other biophysical techniques have also been used 

to clarify the tertiary and quartery structure of a receptor complex. For example the 

hypothetical structure of rhodopsin bas been calculated by multidimensional NMR 

analysis of peptide complexes derived from intracellular segments of the protein 
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(YEAGLE et al., 1997). However, despite the availability of such sophisticated 

approaches, most results clarifying the ligand-receptor interactions have been obtained by 

biochemical and molecular biology techniques. The most popular are photoaffinity 

labeling of the receptor by photoactive ligands and site-directed mutagenesis of the 

receptor. Combination of these two approaches with data from molecular modeling 

studies can often give reasonable models of the receptor-ligand complex. 

The first amino acid in the sequence of Angll, Asp1, influences mostly the 

duration of the effect of the peptide in vitro (REGOLI et al., 1974). Its substitution for 

Sar1 (Sar= N-methylglycine) is well known to be responsible for prolongation of the 

hormone action due to an increased resistance towards aminopeptidases (REGOLI et al., 

1972). The modification at position 1 of Angll rendered the analogue [Sar1]Angll with a 

higher affinity for the AT I receptor than Angll, which reflects the importance of position 

1. lt has been suggested that His183 in the second extracellular domain of the AT1 receptor 

is directly involved in binding the '3-carboxyl group of Asp1 (FENG et al., 1995; 

LAPORTE et al., 1999). 

Position 2 of Angll is far more important, either for its affinity or for receptor 

activation. The analogue des-Asp1 ,des-Arg2-Angll (AngN) binds poorly to the AT1 

receptor and shows very little activity (BERNIER et al., 1995). Receptor binding and 

agonistic property are side-chain dependent in Angll analogues modified in position 2. lt 

is believed that a hydrogen bond or a charge interaction between Arg2 of Angll and the 
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AT, receptor are implied. It bas been proposed that Ari interacts with Asp281
, which is 

located in the third putative extracellular domain of AT 1 (FENG et al., 1995). 

The primary role of the aliphatic residues Vat3, lle5 and Pro 7 appears to be steric. 

These aliphatic side-chains do not seem to be involved in specific interactions with the 

receptor since the removal of their side-chains is significantly less important for the 

biological activities compared to the substitution of the amino acids in positions 2, 4, 6 

ând 8. Substitutions of Val3 for Pro as well as Pro7 for Aib (Aib = a-aminoisobutyric 

acid) led to the decrease in the affinity of these Angll analogues for the AT 1 receptor 

(CORDOPATIS et al., 1994). This seems to be due to a disturbance of the secondary 

structure of the modified peptides leading to the decrease of analogue recognition by the 

receptor. Recently, a study with Angll analogues having a photosensitive amino acid 

introduced in position 3 of the peptidic chain bas been done. This study showed that 

position 3 of Angll is in direct interaction with Ile172 in the second extracellular domain 

of the AT 1 receptor (BOUCARD et al., 2000). 

The importance of positions 4, 6 and 8 for receptor activation bas been known for 

years. NMR analysis of Angll and its peptide analogues yielded models for the spatial 

arrangement of the four pharmacophore groups, Tyr4
, His6, Phe8 and the C-terminal 

carboxyl group (NIKIFOROVICH AND MARSHALL, 1993; MA TSOUKAS et al., 

1994; NIKIFOROVICH et al., 1994 ). These studies indicate that the three aromatic rings 

cluster together and that a very large pharmacophore spanning the entire structure of 

Angll is presented to the receptor. However, only the Tyr4 and Phe8 side chains are 
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considered agonistic ~tches" because analogues of Angll function as agonists in vivo 

if the position 4 residue is tyrosine and position 8 residue is a phenylalanine. 

Modifications of Tyr4 or Phe8 in Angll give rise to antagonists in vivo that display high 

affinity for the Angll receptor (MARSHALL et al., 1970; REGOLI et al., 1971; 

TURIŒR et al., 1971; NEEDLEMAN et al., 1972; PARK et al., 1973; PALS et al., 

1979; ESCHER et al., 1980; GOGHARI et al., 1986, TIMMERMANS et al., 1993). It is 

believed that Tyr4 is in interaction with Asn111 in the 3rd TMD. Asn111 bas been shown to 

play a critical role in stabilizing the basal "inactive" conformation of the native AT 1 

receptor (GROBLEWSK.I et al., 1997). There is more controversy in understanding the 

interaction of Phe8 and AT 1- NODA et al. (l 995) reported that Phe8 interacts with His256 

in the 6th TMD and Lys199 in the 5th TMD. These contact points were identified by side 

directed mutagenesis, which is considered as a non-direct method since a point mutation 

of the receptor often interferes with its functionality and false positive results are 

obtained. Photoaffinity labeling in combination with proteolytic digestion is considered, 

on the other band, a more direct approach, since it identifies a contact point between the 

ligand and its receptor. Two different studies have been done using two different 

photoprobes. DESARNAUD et al. (1993) showed that position 8 of a biotinylated Angll 

analogue, Bio-NH-(CH2)i-CO-[Ala1 ,Phe(4N3)8)Angll, interacts with a region in the 3rd 

TMD. Using another photoactive ligand, [Sar1 ,Bpa8)Angll, PERODIN et al. (2000) 

showed that, Bpa8 interacts with Phe293 and/or Asn294 in the 7th TMD. This apparent 

discrepancy is probably due to the photochemical properties and pathways that are 

fundamentally different for the two labeling moieties and requests further elucidation. 
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1.1.4 Contact points or Angll aad the ATz receptor 

White much work has been done examining the ligand-binding characteristics of 

the AT I receptor, very little attention has been focused on the AT 2 receptor. As already 

mentioned before, both receptors bind Angll with almost identical affinities, but they 

share only 34% homology. Although it is tempting to assume that conserved residues 

between the two subtypes are responsible for the binding of Angll, there is little data to 

support this view. Most of the studies identifying the binding pocket of the AT2 receptor 

have used the site-directed mutagenesis approach. By comparing the secondary structures 

of the AT, and the AT2 receptors, Lys199 in the Sth TMD of AT1, possibly in contact with 

the C-terminal carboxyl group of Phe8 (NODA et al., 1995), corresponds to Lys215 in the 

5th TMD of the AT2 receptor. PULAKAT et al. (1998) constructed four different mutants 

of Lys215-AT 2 to verify this hypothesis. However the results of the study did not clearly 

confirmed the implication of Lys215 in ligand binding. Similar studies have been 

performed with Arg182-AT2 (KUFflS et al., 1999), Tyr108-AT2, Asp297-AT2, and Trp269-

AT2 mutant receptors (HEERDING et al., 1997, 1998), but none of the results showed 

convincing evidence that the previously mentioned amino acids are important for binding 

of Angll or its analogues in AT 2 receptor binding pocket. The studies further confirmed 

that whether there are some similarities in binding pockets of AT1 and AT2 receptor, no 

general model for Angll binding could be made. 

SERVANT et al.(1997), used photoaffinity labeling to map the AT2 receptor 

binding pocket. ln order to determine the contact points between the N- and C-terminal 

amino acids of Angll and the AT 2 receptor, two different ligands were used having L-Bpa 
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as a photoaffinity probe. The photolabeling of AT2 with [Bpa1]Angll and subsequent 

proteolysis of the photolabeled complex circumscribed the labeling site of the position 1 

of Angll within amino acids 3-30 of the N-terminal tail of AT 2- When [Sar1
, Bpa8]Angll 

was used as a photoactive ligand, the part of the 3n1 TMD between Met128-Met129 was 

labeled. This result showed that Angll interacts with an extracellular segment and a 

transmembrane helix of AT 2• 

1.2 CONSTITUTIVE ACTMTY OF G PROTEIN-COUPLED RECEPfORS 

G-protein coupled receptors are allosteric proteins, which respond to ligand 

binding by affecting the changes in protein-protein interaction (receptors and G proteins). 

The translation of infonnation brought to the cell by different ligands is depended on 

receptor protein confonnation. Any receptor exists in various conformations. Sorne of 

these conformations reveal sequences in their cytosolic loops, which can then activate G 

protein to initiate the response. These conformations are referred to as the "active" state 

of the receptor; correspondingly, the conformations that do not activate G protein are 

referred to as the "inactive" state. Receptor can also spontaneously interact with G 

protein in the absence of an agonist ligand, which leads to a constitutive activity of the 

receptor. 

Drug can be thought of having two properties with respect to biological systems: 

affinity for the receptor and intrinsic efficacy. Efficacy can be defined as a property of a 

molecule to produce some observable physiological response (KENAKIN, 1999) and is 
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usually defined by comparison to the spontaneous constitutive receptor activity. Drug, 

which binds to the receptor with defined affinity but does not influence the basal 

signaling of the system, bas zero efficacy. Such ligands are called neutral antagonists. On 

the other band, there are three major types of efficacious drugs. "Ligand-specific" 

agonists display a positive efficacy. Protean agonists are a theoretical class that produces 

receptor activation of a lower magnitude than that emanating from spontaneous receptor 

activity. And finally, inverse agonists are an established drug class and possess a 

''negative" efficacy 

ALLEN et al. (1991) showed that mutation of a 18-adrenergic receptor in the 3rd 

intracellular loop brings constitutive activity to the mutated receptor. These mutations 

seems to introduce mitogenic and tumorogenic effects. Later on, the same group 

(KJELSBERG et al., 1992) reported that a single mutation of Ala293 is sufficient for 

constitutive activation of a 18-adrenergic receptor and is responsible for increased 

production ofIPs up to 200% when compared to non-mutated receptor. 

Subsequently, constitutive activity induced by a single or multiple mutations bas 

been reported for numerous receptors; a 2-adrenergic receptor (SAMAN A et al., 1993 ), 13-

adrenergic receptor (REN et al., 1993), pheromone factor-a receptor (BOONE et al., 

1993; KONOPKA et al., 1996), mS muscarinic receptor (SPALDING et al., 1995), Dl 

dopaminergic receptor (CHO et al., 1996) and AT tA angiotensin receptor 

(GROBLEWSKI et al., 1997). Furthermore, certain mutations inducing constitutive 
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activity are responsible for pathological situations, as for example in case of rhodopsine 

in retinis pigmentosa (ROBINSON et al., 1992). 

1.3 PHOTOAFFINITY LABELING 

Photoaffinity labeling has achieved prominence in the field of biochemical 

pharmacology because it offers a relatively specific method of"tagging" a ligand-binding 

molecule (BA YLEY AND KNOWLES, 1977). In the sense that it forms a covalent bond 

between a binding site and its ligand, it bas similarities to affinity labeling 

(CHOWDHRY AND WESTHEIMER, 1979; WOLD, 1977) and cross-linking 

(JOHNSON AND CANTOR, 1977; PETERS AND RICHARDS, 1977; PILCH AND 

CZECH, 1980). However, with photoaffinity labeling, the functional group responsible 

for the labeling is attached to the ligand in a latent form. A major advantage of the 

technique is that the ligand may be photoactivated (by ultraviolet or short-wave visible 

light) at the appropriate time. Prior to irradiation, equilibrium is established between 

ligand and binding site, which sets up these two components in close proximity and, 

therefore, well situated for covalent bond formation. In the ideal case, photoactivation of 

the ligand produces a reactive intermediate that reacts rapidly with its binding site. Thus, 

in such an ideal case, irradiation "freezes" the reversible association between photolabile 

ligand and binding site into an irreversible labeling of the site by photoactivated ligand. 

SINGH et al. (1962) used a-diazocarbonyls as photoaffinity labeling and FLEET 

et al. ( 1969) introduced the chemically more stable aryl azide as photoactivable 
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compounds. More recently, some other photoprobes, such as benzophenones 

(GALARDY et al., 1973), p-nitrophenyls (ESCHER AND SCHWYZER, 1974), and 

diazirines (SMITH AND KNOWLES, 1975), as well as further modifications of existing 

photolabels, e.g. 2-diazo-3,3,3-trifluoropropionyls (CHOWDHRY et al., 1976) and 3-

phenyl-3(trifluoromethyl)-3H-diazirines (BRUNNER et al., 1980), have been developed. 

None of these compounds, however, meets ail requirements for a perfect photoaffinity 

label, which are ease of synthesis, chemical stability prior to photoactivation, smooth 

photolysis at wavelengths long enough to cause no photochemical damage to proteins, 

high reactivity of the photogenerated intermediate with no tendency to intramolecular 

rearrangements, high cross-linking yield, uniformity and stability of the cross-linked 

products, low tendency to react with the solvent water, and ability to retum to the ground 

state if cross-linking did not occur. 

Generally, photosensitive molecules can be divided in three major groups, 

depending on the photoconversion they undergo; these are carbenes, nitrenes and 

benzophenone radicals. 

1.3.1 Carbenes and nitrenes 

Carbenes and nitrenes are isoelectronic species with only six valence electrons, 

which makes them strongly electrophilic. Carbenes are in general more reactive than 

nitrenes but their chemistry is qualitatively similar. Carbenes and nitrenes can exist in 

two energetically proximate states, referred to as the singlet and triplet states. Typical 

reactions of a singlet are electrophilic attack of x- and a-electron pairs and non-bonding 
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electron pair. Typical reactions of a triplet intennediates are radical attack on a- and 2t-

bonds and non-bonding electron pair. The direct UV irradiation of azides, diazo 

compounds, and diazirines yields singlet carbenes and nitrenes. It has a certain 

disadvantage since singlet intermediates have high reactivity with molecules of water and 

they can be wasted by the solvent during the experiment if the ligand-receptor interface is 

accessible to water. Typical examples of nitrene precursors are arylazides and acylazides. 

The typical precursors of carbenes are diazo compounds and diazirines (figure 5). 

Sorne proteins have been labeled by carbene precursors, as for example 

phosphorfiuctokinase and a-chymotrypsine (BRUNSWICK AND COOPERMAN, 1971; 

COOPERMAN AND BRUNSWICK, 1973) but the fact that these photoprobes 

preferentially react with molecules of water makes their utilization limited. Nitrenes are 

less reactive than carbene precursors (NIELSEN el al,, 1976) and the azido-compounds 

are still being used to biochemically characterize receptors (GUILLEMETTE el al., 

1986; DESARNAUD el al., 1993; BOSSE el al., 1993; SERY ANT et al., 1993). 

1.3.2 Benzopbenones 

The introduction of benzophenones as photoactivable reagents by GALARDY et 

al. ( 1973) led to recognition of a significant advantage of this photoprobe over the nitrene 

and carbene precursors: the excited state of the benzophenone, a triplet biradical, is inert 

towards water, it is stable to ambient light, activated only by a UV light of~ 350 nm and 

it is chemically stable. Furthennore, a synthesis of an amino acid derivative carrying the 

benzophenone moiety as a site-chain has been described (KAUER el al., 1986), which 
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facilitates the introduction of benzophenone at defined position within a peptide ligand 

during solid-phase peptide synthesis. 

Carbonyl photochemistry is widely used in synthetic chemistry (TURRO, 1978). 

Benzophenone absorbs a photon at ~ 350 nm, which leads to the promotion of one 

electron from a non-bonding sp2 -like n-orbital on oxygen to an antibonding 1t• -orbital of 

the carbonyl group. In the diradical triplet state, the electron-deficient oxygen n-orbital is 

electrophilic and therefore interacts with weak C-H a-bonds, resulting in hydrogen 

abstraction to complete the half-filled n-orbital (figure 6). The triplet state also readily 

relaxes to the ground state if it did not find an H-donor. lt means that benzophenone may 

undergo as many excitation-relaxation cycles until a favorable geometry for a covalent 

modification is achieved. On the basis of modeling and experimental data, the reactive 

volume of benzophenone moiety was approximated as a sphere with a radius of 3.lA 

centered on the ketone oxygen (TURO, 1978). 

Apart from the geometric factors, the reactivity and the efficiency of covalent 

attachment strongly depend on the chemical and electronic environment of the 

photoprobe and the H-donating moiety (TURRO, 1978). The strength of the bond being 

broken in the H-donor and the relative stability of the resulting alkyl radicals are the 

major determining factors. ln biological systems, the most effective H-donor include 

backbone C-H bonds in amino acids, polypeptides and carbohydrates. In the absence of 

any orientation preferences, the reactivity order for C-H bonds is NCHx>-

SCHx>methine>-CH2->-CH3. Very good reactive centers are the tertiary centers in 
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Figure 6. Mechanism of covalent bond formation between benzopbenone-derived 

photoprobe and H-clonor. UV irradiation of the system leads to absorption of a photon 

by benzophenone. This pennits the promotion of an electron ftom a non-bonding sp2-like 

n-orbital on oxygen to an antibonding 1t*-orbital of the carbonyl group. Due to a diradical 

fonnation, the n-orbital becomes electron deficient leading to the electrophilic attack of 

C-H bond. As a result ofthis attack, a covalent bondis formed. 
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molecule of Leu or Val and those CH2 groups adjacent to heteroatoms in Lys, Arg and 

Met (O'NEIL el al., 1989). 

In biochemical probes, the benzophenone moiety is either connected to an active 

ligand or is used to replace a portion of the ligand. The substituents on the benzophenone 

group can significantly affect the photochemistry. The electron-withdrawing groups (for 

example -N02) increase the efficiency of the H-abstraction. On the other band, electron-

donating groups (-NH2, -OH, halogen) cause a partial shift of the electron transition ftom 

n-n• to 1t-1t•, and the later triplet state becomes much less reactive towards H-abstraction. 

The substituents can also affect the steric accessibility of the generated radical and the 

formation of covalent bond between photoprobe and the H-donor cannot occur. 

The benzophenone derivative in form of an amino acid, benzoylphenylalanine 

(Bpa), is now commonly used to map binding pocket of peptidergic receptors. Bpa bas 

been incorporated for example in SP (substance P) to detennine the attachment site 

between position l and position 8 and NK-1 (NK-1 = SP receptor) (LI el al., 1995; 

BOYD el al., 1996; KAGE el al., 1996). The same approach bas been used to map the 

CCKe receptor of cholecystokinine, the receptor Via of vasopressin, or the parathyroid 

hormone receptor (PHALIPOU el al., 1997; ADAMS el al., 1998; HADAC el al., 1998). 

Photolabeling of AT 1 and AT 2 receptors of Angll bas been mentioned previously 

(SERVANT et al., 1997; LAPORTE et al., 1999; BOUCARD el al., 2000; PERODIN et 

al., 2000) 
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1.4 OBJECTIVES OF THE STUDY 

1.4.1 Synthesis of palmitoylated Aagll analogues 

The AT I receptor is abundantly expressed in the membrane of vascular smooth 

muscle cells and binding of Angll to AT I is mostly responsible for regulation of vascular 

homeostasis. On the other band, there is also evidence that Angll is able to stimulate 

hyperthrophy and cell proliferation via this receptor and its implication in atherosclerosis 

bas been proposed (KRIEGER AND DZAU, 1991; SCHELLING et al., 1991). Few 

'1udies using non-peptidic and peptidic antagonists of AT I in animal model of post-

angioplastic restenosis have been done, in order to verify ifblockade of AT1 reduced the 

neointima formation (LAPORTE AND ESCHER, 1992; PHAM et al., 1996). Results of 

these studies confirmed the implication of Angll in vascular remodeling, however the 

AT I selective antagonist, losartan, inhibited neointima fonnation only by 60%. 

Interestingly, when a non-selective, peptidic antagonist, [Sar1 ,(Br5Pbe)8]Angll bas been 

used, neointimal formation was blocked completely (figure 7) (LAPORTE AND 

ESCHER, 1992). This observation suggested at this time that peptidic antagonists of AT 1 

are actually inverse agonists (i.e. ligand with ability to block constitutive activity of a 

receptor) of AT1, while non-peptidic, selective ligands are neutral antagonists. Peptidic 

antagonists of AT, could be therefore used for treatment of post-angioplastic restenosis as 

an effective alternative. On the other band, duration of action and oral activity of peptides 

are the two major problems for their clinical use. This fact bas been well demonstrated by 

Angll since hundreds of peptide analogues, particularly those with an antagonistic 

character (REGOLI et al., 1974; KHOSLA et al., 1974; PERODIN et al., 1996; 
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Figure 7. The effect of Angll and its analogues on post-angioplastic restenosis. 

A) Incise through a healthy rat carotid artery. Layer of smooth muscle cells is lined by a 

single layer of endothelial cells. The lumen of the artery is widely opened. B) Incise 

trough a rat carotid after angioplasty followed by an AngII infusion. The lumen of the 

artery is completely blocked due to neointima formation induced by AngII. C) Incise 

trough a rat carotid after angioplasty followed by orally administrated AT 1 selective 

antagonist, losartan. Neointima formation was partially suppressed. D) Incise trough a 

rat carotid after angioplasty followed by a treatment with non-selective AT 1 antagonist, 

(Sar1 ,BrsPhe8]AngII. Neointima formation was completely suppressed leaving the 

lumen of the artery widely opened and the wound well healed. 
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BOULA Y et al. 998), have been prepared and phannacologically characterized but none 

was orally active. 

To overcome this problem, chemical modifications are often introduced in the 

peptide molecule. GIBBONS et al. (1990) synthesized a-amino acids with vague alkyl 

chains and introduced them into peptide molecules giving them an amphipathic character 

reflected in their physical properties. TOTH ( 1994) used these amino acids as carrier 

system for drugs with low systemic absorption. We decided to use this approach in a 

slightly modified version. Our idea was to introduce a fatty acid residue into the molecule 

of Angll peptidic analogue to reduce their susceptibility to proteolytic degradation by 

anchoring them to the membrane. This modification had to be reversible and its expected 

breakage should liberate the peptide making it available for receptor binding. Such 

conditions excluded the use of amino acids with polycarbonyl chain since its degradation 

is a complicated multi-enzyme biochemical cascade, which occurs in the mitochondria 

only. 

Another option was to introduce a fatty acid residue within a peptide by a weaker 

ester bond, which could be hydrolyzed by lipase activity. MALETINSKA et al. (1996) 

synthesized peptides with Ser(O-Pal) and Cys(S-Pal) in position 1. However, the non-

palmitoylated equivalents had low potencies, which precluded their use from in vivo 

experiments. The same research group synthesized and tested Angll analogues with an 

aliphatic chain introduced on Tyr4 (MALETINSKA et al., 1997). One of the analogues 

had an octadecanoyl residue attached to Tyr4 by an ether bond, resulting in a peptide with 

general structure [Sar1,Tyr(O-C18H37}4]Angll. This compound had very low affinity for 
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the AT I receptor from bovine adrenal cortex and was inactive when the isometric 

contraction of rabbit aorta was measured. In the same study, they reported a preparation 

of Angll analogue esterified with palmitic acid on Tyr4 • Resulting compound, 

[Sar1, Tyr(O-Pal)4]Angll, kept good affinity for the bovine AT I receptor and furthennore, 

it was fully active in vitro on the rabbit aorta assay. [Sar1 ,Tyr(O-Pal)4]Angll was easily 

transfonned into [Sar1]Angll by mild saponification with 0.1 M KOH or by treatment 

with lipase form Candida Cylindracea. ln a search for an antagonist with similar 

properties, they prepared [Sar1 ,Tyr(O-Pal)4,D-PNal8]Angll. This analogue also had an 

affinity for bAT,. lt did not stimulate contraction of rabbit aorta and antagonized Angll 

induced response ofthis tissue for a prolonged period oftime. Such a characteristic could 

be an interesting feature keeping in mind that we were se-arching for a peptide analogue 

with sufficient half-life. Not only that this modification did not impair binding of the 

analogue to the receptor, it also prolonged its biological effect and it could be easily 

converted to a non-modified m'?lecule. As a result, this peptide possesses double action 

properties, since even the membrane-buried portion can be liberated by lipolysis and 

become available for receptor activation/shut down. In order to expand this study, we 

proposed to synthesize a series of potential antagonists of Angll, palmitoylated in 

position 4. 

Nearly every peptidic Angll antagonist is based on modifications of the C-

terminal Phe in position 8 (PERODIN et al., 1996). Introduction of aliphatic or bulky 

aromatic amino acid produces well-known peptide antagonists (PALS et al., 1979). 
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Substitution of Asp1 for Saris generally used to prolong the half-life of peptide analogues 

of Angll (REGOLI AND PARK, 1972; REGOLI et al., 1974b). 

Using this knowledge, we proposed, in the first part of the thesis to prepare lead 

compounds for post-angioplastic restenosis. We proposed to prepare a series of Angll 

analogues palmitoylated in position 4, and furtber moditied in position 8 by either Gly, 

Ala, Leu, Ile, Phe, D-PNal and BrsPhe, to confer antagonistic behavior. Tbese analogues 

9.'ill allow for the verification of the influence of hydrophobicity as well as steric 

hindrance of these amino acids on the binding affinity and the activity of palmitoylated 

Angll analogues. 

1.4.2 Development of iodinatable, photoactive amino acid 

As previously mentioned, the exclusive use of site-directed mutagenesis to 

identify contact points between a ligand and its receptor is controversial. In many studies, 

mutations interfered with the functionality of the receptor, which in tum intluenced the 

binding between a ligand and its receptor by indirect mechanisms ( change of 

confonnation, inaccurate post-translational modifications) (HUANG et al., 199S). This 

leads to incorrect conclusion that the mutated amino acid is located in the binding pocket 

of the receptor and the receptor model constructed on the basis of such results is therefore 

misleading. 

Photoaffinity labeling, on the other band, offers direct identification of region 

from the binding pocket since a stable, distance-dependent covalent link is formed 
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between receptor and the photoprobe. Among ail the known photoactive moieties, 

benzophenone is used the most due to its convenient photochemistry as explained before. 

The synthesis of a benzophenone-derived amino acid, Bpa, is well described in the 

literature and is commercially available. However, a certain disadvantage is present 

because neither the Bpa nor its phenylthiohydantoin analogue, a product of Edman 

degradation, is detectable using standard amino acid analysis making the identification of 

the photoinsertion difficult (KAUER et al., 1986). In order to overcome this problem and 

a high specific activity radiolabel detectable by an autoradiography (preferentially 1251), is 

introduced in the ligand molecule. Y et, radioiodination of Bpa is not chemically possible 

and the radiolabel has to be located distal to the photoactive residue in the primary 

peptide structure preferentially on Tyr residue. 

The most convenient way to radioiodinate a peptide is on the phenol moiety of 

tyrosine using lodo-Gen as an oxidizer (FRAIŒR AND SPECK, 1978). Iodo-Gen is 

immobilized and chemically modified chloramine T, which is able to oxidize effectively 

r to t, leaving most of amino acids from the peptide molecule, unchanged. t is very 

reactive and it easily substitutes the 3 '-hydrogen of the aromatic ring of Tyr. The 

radioiodinated peptide can be separated from the non-iodinated peptide by reverse-phase 

HPLC since the presence of iodine in the molecule of peptide increases significantly its 

hydrophobicity. The fact that many peptide hormones do not have Tyr in their sequence 

can be overcome by introducing a modification into their primary structure during 

peptide synthesis. This has been done for example in case of SP, when Tyr was 

introduced as an N-tenninal amino acid in position O (LI et al., 1995). On the other band, 



35 

this is not always tolerated and Tyr-incorporation bas been associated with lost of affinity 

of the ligand (CUNHA et al., 1996). Furthennore, the radiolabeled compound can be still 

separated from the photoprobe during the ensuing selective proteolysis, which is a 

necessary step in the whole procedure. 

The Tyr4-palmitoylated analogues of Angll, which we proposed to prepare and to 

characterize pharmacologically, are good examples of ail the disadvantages mentioned 

above. These analogues have no phenolic residue and they cannot be directly iodinated 

by lodo-Gen. The introduction of Tyr in another position, except position 8, is not 

tolerated and the ligand looses affinity. 

Based on these arguments, the need for a photoacive, iodinatable amino acid is 

obvious. In 1997, WILSON et al. preparedp-(4-hydroxybenzoyl)phenylalanine (HBPA), 

an analogue of Bpa which carries a hydroxyl-group, making it available for 

radioiodination with Iodo-Gen. The novel photo labile amino acid was introduced into SP, 

replacing Phe8 or Lys3, to give peptides that bind with high affinity and specifically the 

SP receptor. Both peptides also covalently labeled the SP receptor, however with lower 

efficacy than Bpa. This result and the fact that the synthesis of HBP A is very 

complicated, multiple step synthesis tumed our interest to the study of BOSSE et 

al.(1993). In this study, p-NO2-Phe was incorporated into position 8 of Angll and was 

used to prepare by the Gattennann-Sandmeyer reaction a radioactive analogue, the p-1251-

Phe (BOSSE, 1993). The reaction consisted of only three steps: the reduction of the nitro-

group to an amino-group, the formation of diazonium sait from the amino-compound, and 
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subsequent substitution of the diazonium-intermediate in the presence of Cu as a catalyst 

by Na125I to fonn p-1251-Phe peptides. We decided to apply this reaction scheme, to 

prepare a new analogue of Bpa, p '-N02-Bpa, to introduce it in position 8 of Angll and to 

use it as a starting compound for the synthesis of [p '-I-Bpa8]Angll. As an alternative, we 

anticipated to use the intennediate NH2-Bpa for direct iodination by Iodo-Gen, or to 

couple the diazonium sait of Bpa to phenol. The resulting hydroxyphenylazo-Bpa (p ·-

hpa-Bpa) could be directly iodinated by the Iodo-Gen method. 

To summarize the objective of the second part of our study, we planed to 

synthesize an analogue of Bpa, the p '-N02-Bpa, to introduce it in position 8 of Angll 

and, by different post-synthetic, peptide modifications, to prepare three new ligands, 

which could be directly iodinated on the modified Bpa residue. We wanted to use these 

ligands to verify their photoactive properties by photolabeling the Angll receptors and 

eventually characterize their site of attachment and compare it to the commonly used 

Bpa. 
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MATERIAL AND METHODS 

2.1 MATERIAL 

2.1.l Peptide syntbesis and purification 

Wang resin was obtained from Advanced Chem-Tech (substitution 1.2 mmol/g, 

(Louisville, KY)), Fmoc-Arg(Pmc )-OH, Fmoc-V al-OH, Fmoc-Tyr(tBu)-OH, Fmoc-

His(Trt)-OH, Fmoc-Pro-OH, Fmoc-Phe-OH, Fmoc-Gly-OH, Fmoc-Ala-OH, Fmoc-Leu-

OH, Fmoc-Ile-OH, Fmoc-D-f3-Nal-OH, Fmoc-Bpa-OH and Boc-Sar-OH were purchase 

from Chem-Impex INC (Wood Dale, IL) or NovaBiochem (San Diego, CA); 2,6-

dichlorbenzoyl chloride, benzophenone imine, palmitoyl chloride and powdered zinc 

were supplied by Aldrich (Oakville, ON); pyridine, DCM, THF, isopropanol, ethanol, 

acetanhydride, NaN02, H2S04, acetic acid, CuS04 and acetonitrile were bought from 

Fischer Scientific (Nepean, ON); piperidine, TBTU and PyBop were obtained from 

Chem-Impex INC (Wood Dale, IL); Merrifield resin (substitution 1.07 mmol/g) N-

methylmorpboline, diisopropylethyleneamin, DMF, ethandithiol, ninbydrin, benzoyl 

chloride, sulfamic acid, thioanisol, Nal and iodidechloride were purcbased from Sigma 

Chemicals Co (St Louis, MO); DCC and HOBt were supplied by NovaBiochem (San 

Diego, CA); TF A was bought from American Chemicals L TD. (Montreal, QC); N-

methylpyrolidinone and phenol were obtained from Analcbemia (Montreal, QC); HF was 

purchased from Air Products and Chemicals (Allentown, PA); 2-tert-butylimino-2-

diethylamino-l ,3-dimethylperhydro-1,3,2,-diazophosphine was a product of Fluka 

(Oakville, ON); HCI, KCN and Na2S03 were supplied by J.T. Baker Chemicals, 

Hayward, CA); starch paper and Sep-pale were obtained from Millipore (Mississauga, 
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ON); ammonium acetate was purchased from Mallinckod~ (Paris, CT); Na125I was a 

product of Amersham Phannacia Biotech, (Baie d 'Urfe, QC); Iodo-Gen was obtained 

from Pierce Chemicals (Brocville, ON); TLC and C 18 were supplied by E Mere 

(Gibbsontown, NJ). 

2.1.2 Cell culture manipulations 

COS-7 cells, hAT1 cDNA were obtained as a gift from Dr S. Meloche (Université 

de Montréal), hA T 2 cDNA . and expression vector pcDNA3 were purchased from 

lnvitrogen (San Diego, CA); L-glutamine, lipofectamine, penicillin/streptomycin, 

DMEM cell culture medium, FBS and trypsin were products ofGibco Life Technologies 

(Burlington, ON); NaHCO3 was supplied by Fisher Scientific (Nepean, ON). 

2.1.3 Biological usays 

Angll, [Sar1 ,Ile8)Angll, BSA, trypsine-inhibitor, bacitracine, Trisma-Base, des-

Arg9 -bradykinin, phenylephrine, TCA, 1, 1,2-trichloro-trifluoro-ethane, tri-n-octylamine 

were obtained from Sigma Cbemical, Co (St Louis, MO); PD123319 was a product of 

Parke-Davis Warner Lambert (Ann Arbor, Ml); L-158,809 was purchased ftom Merck 

(Rahway, NJ); NaCI, MgCh, NaK tartate, CuSO4.5H2O, Folin-Ciocalteu reactant, formic 

acid, ammonium formate, KCI and MgSO4 were supplied by Fisher Scientific (Nepean, 

ON); glass-fiber paper filters were bought form VWR Canlab (Mississauga, ON), Ml99 

cell culture medium was obtained from Gibco Life Technologies (Burlington, ONT); 

myo-[H3]inositol (80 Ci/mmol) was purchased from Amersham Life Sciences (Oakville, 

ONT); AG l-X8 resin was a product of BIORAD Laboratories (Mississauga, ON); New 
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Zealand rabbits were ordered from Charles River (Montreal, QC), NaH2P04 was obtained 

from J.T. Baker Chemicals (Hayward, CA); glucose was purchased from BAD Inc. 

(Toronto, ON). 

2.1.4 Protein photolabeling, purification and digestion 

Inhibitor cocktail was obtained from Roche Diagnostics GmbH (Mannheim, 

Germany); Lauryl Sulfate (SOS), glycine, tricine, CNBr and dithiothreitol were products 

of Sigma Chemicals Co (St Louis, MO); acrylamide was a product of USB (Clevelend, 

OH), N' ,N' -methylene-bis-acrylamide, ammonium persulphate, N,N,N' ,N' -Tetra-

methyl~thylenediamine (TEMED) and broad range ladder were purchased from BIORAD 

Laboratories (Mississauga, ON); C14 ladder was bought from Amersham Pharmacia 

Biotech (Baie d'Urfé, QC). 

2.1.S Site-directed mutagenesis 

Expand high-fidelity PCR system and Rapid DNA Ligation Kit were obtained 

from Roche Diagnistics GmbH (Mannheim, Germany); oligonucleotides and DH5a 

bacteria were purchasc:d from Gibco Life Technologies (Burlington, ON); agarose was a 

product of USB (Cleavelan, OH), ethidium bromide and urea were bought from Sigma 

Chemicals Co (St Louis, MO); 1kb DNA ladder was supplied by New England Biolabs 

(Mississauga, ONT); DNA-extraction kit and QIAquick PCR Purification kit were 

purchased from QIAGEN Inc (Mississauga, ON); restriction enzymes (Hindl/1. Xbal. 

Bbs/) were supplied by Pharmacia (Piscataway, NJ) or Promega (Madison, WI) or New 

England Biolabs); lOx buffer one Phor ail was a product of Amersham Pharmacia 
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Biotech Inc (Baie d'Urfé, QC); agar was purchased from Becton Dickinson Microbiology 

Systems (Mississauga, ON), carbamiciline and Wizard Plus Minipreps DNA purification 

system were supplied by Promega CO. (Madison, WI), T7 DNA Polymerase sequencing 

kit was bought from USB, (Cleveland, OH). 

2.2 SOLID PHASE PEPTIDE SYNTHESIS 

2.2.1 Fmoc-piperidine-TF A scheme 

Peptides were synthesized manually using mechanically agitated glass reactors. 

The C-terminal amino acid was attached to the Wang resin according to the method 

described by SIEBER (1987). One gram of Wang resin was placed in a glass reactor 

together with approximately 10 ml of N-methylpyrolidinone as a solvent to swell the 

resin and sbaken for 15 min. After a two-fold excess of N°-Fmoc protected amino acid 

dissolved in N-methylpyrolidinone and 2,6-dichlorbenzoyl chloride, and a 3.3-fold excess 

of pyridine were added to the resin/solvent slurry. The substitution reaction continued for 

another 16 h under vigorous shaking at room temperature. The substitution efficiency 

was measured by UV determination of the 9-fluorenylmethylpiperidine complex after 

cleaving the Fmoc-group with piperidine (MEIENHOFER, J. et al., 1979). 

A two-fold excess of N°-Fmoc protected amino acid was used to elongate the 

peptide molecule. Each amino acid was coupled in the presence of a two-fold excess of 

TBTU or PyBop/HOBT activating reagents and a four-fold excess of N-

methylmorpholine, for about 2 h. The Fmoc protecting group was removed before the 

next coupling by treatment with 50% piperidine in DMF for 15 min. After each coupling 
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and each deprotection step, the resin was washed three tunes with N-methylpyrolidinone, 

three times with isopropanol and once with N-methylpyrolidinone. Completion of the 

coupling was monitored by a Kaiser test (KAISER, 1970). An aliquot of the resin beads 

was treated with a 5% ninhydrin/ethanol solution in presence of phenol (80 g of liquefied 

phenol dissolved in 20 ml of ethanol) and KCN (2 ml of 0.001M KCN/98 ml of 

pyridine). The resin/ninhydrin mixture was heated at 120°C for 5 min. A blue color of the 

resin beads corresponded to the presence of free amino-group, unchanged beads confirm 

completion of the coupling reaction. 

Palmitoylation was carried out on the resin with a twelve-fold excess of palmitoyl 

chloride (pH 9, adjusted by N-methylmorpholine), rigbt after coupling of Fmoc-Tyr(OH). 

DCM was used as a solvent for this reaction, which was always carried out overnigbt. 

Once the synthesis was completed, the resin was washed with DCM and dried 

under vacuum. The peptide was cleaved from resin and amino acid side-chains were 

deprotected by treatment with reagent K ( composition: 82.5% TF A, 5% thioanisole, 5% 

phenol, 5% water and 2.5% 1,2-ethanedithiol) for 2 h (FIELDS AND NOBLE, 1990). 

The peptide solution was filtrated out from the resin and evaporated on a rotavapor. 

After, the peptide was washed with 50% acetic acid, lyophilized and purified. 

2.2.2 Boc-TFA-HF scbeme 

Peptides were synthesized manually using mechanically agitated glass reactors. 

The Boc protected L-Bpa or Gly cesium salts were attached to the chloromethyl resin by 



42 

the Gisin method (GISIN, 1973) with 1 mol-equivalent of 2% cross-linked Merrifield 

resin, eventually the N°-Boc-Gly or N11-Boc-L-Bpa were purchased already attached to 

the Merrifield resin with substitution of 0.61 mmol/g and 0.31 mmol/g respectively. A 

four-fold excess of each protected amino acid was used for the formation of symmetrical 

anhydrides with 8% DCC/DCM (MERRIFIELD, 1982). The Boc-protecting group was 

removed before the next coupling by 40% TF NDCM for 15 min. The completion of 

every coupling was tested with the ninhydrine test (KAISER, 1970). After each coupling 

and each deprotection, the resin was washed three times with DCM, three times with 

isopropanol and once with DCM. Five percent DIPENDCM was used for the 

neutralization of the ftee amino function of the maturating peptide. After completion of 

the synthesis, the resin was washed with DCM and dried under vacuum. Then, 

simultaneous cleavage of the side-chain protecting groups and the resin ester was 

perfonned in liquid HF with 10% anisole as a scavenger at 4°C for lh using the 

Peptomat-cleaver, which was an "in bouse-made" system used for peptide cleavages from 

the Merrifield resin. Peptides were extracted from the resin-peptide mixture by 50% 

aqueous acetic acid, lyophilized and then purified. 

2.2.3 Peptide purification 

The peptides were purified by preparative reverse-phase LC. Lyophilized peptides 

were dissolved in 25% aqueous acetic acid, loaded onto a column using a FMI Lab pump, 

model Q650 (Fluid Metering Inc. Oyster Bay, USA). The column was filled with 30 µm 

C,s resin. According to the amount of the applied peptide, different column dimensions 

were used: l O x 150 mm or 20 x 300 mm. Loaded samples were eluted with gradients of 
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ACN in 0.05% TF A, delivered at 8-10 x 105 Pa and collected in glass tubes 

( approximately 10 mVtube) using a fraction collector. The purity of the peptide fractions 

was confirmed by analytical HPLC (Waters 600E instrument with Waters Bondpak C18 

reverse phase column and UV detector set at 214 nm), with an acetonitrile gradient of 0-

9S% in 0.05% TFA and by TLC using a mixture of butanoVAcOH/H2O (S:2:3). Post-

migration visualization was carried out first with an UV fluorescent lamp and then with 

the Paul y reagent (KREBS et al., 1969). The structures of ail peptides were confirmed by 

electron-spray ionization mass spectrometry or by MALDI-TOF mass spectrometry. The 

pure peptide fractions were pooled, lyophilized and stored at -20°C. 

2.2.4 Synthesis of Br5Phe andp'-N02Bpa 

Both amino acids, BrsPhe and p '-NO2Bpa, were synthesized as previously 

described by O'DONNELL (1996). The Fmoc group ofFmoc-Gly attached to the Wang 

resin was cleaved by treatment with 50% piperidine/DMF. The ftee amino group was 

subsequently protected by coupling with an eight-fold excess of benzophenonimine in 

presence of 5% DIPEA/DCM, leading to the formation of a Schiff base. The completion 

of the reaction was verified with the Kaiser test (KAISER, 1970) after 24 h. A clear or 

slightly orange color of the resin beads indicated complete protection of N". The resin 

was afterwards washed three times with NMP. The following step consists of the 

substitution of one glycine hydrogen by either methylpentabromophenyl group in case of 

Br5Phe synthesis (Figure 8.), or by p-methyl,p '-nitrobenzoylphenyl group in case of p ·-

NO2Bpa synthesis (Figure 9.). For the BrsPhe synthesis, a two-fold excess of the 

bromomethylenpentabromobenzen, dissolved in a mixture ofDMF/DCM/NMP, was used 
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Figure 8. Reaction scheme of the on-resin synthesis of racemic 

pentabromophenylalanine (BrsPhe). 
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Figure 9. Reaction scbeme of the on-resin syntbesis of racemic p'-

nitrobenzoylpbenylalanine (p '-NOrBpa). 

@ Wangresin 
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as an alkylating agent with two-fold excess of BEMP as a catalyst. The reaction was 

carried out for two days upon vigorous shaking at room temperature and its completion 

was confirmed by TLC after a small portion of resin was cleaved with reagent K 

{FIELDS AND NOBLE, 1990). For the p '-N02Bpa preparation, a two-fold excess of the 

p-bromomethyl,p '-nitrobenzoylbenzen was used as an alkylating agent, while ail the 

other reaction conditions remained unchanged. Once the alkylation completed, the N° 

could be freed by acidic treatment with lM HCl in THF (3:7 [v:v]). Hydrolysis was 

normally finished after 12 h. This was confirmed by a blue or very dark orange color of 

the resin beads after a Kaiser test (KAISER, 1970) was performed. The rest of the peptide 

was assembled using the Fmoc/piperidineffF A scheme as previously described. 

2.3 POSTSYNTHETIC PEPTIDE MODIFICATIONS 

2.3.1 Synthesis of [Sar\p'-I-Bpa1)Angll by the Gattermann-Sandmeyer reaction 

The nitro-group of [Sar1 .p '-N02-Bpa8]Angll was reduced and diazotated 

according to method described by LACZCO AND ESCHER (1981) with some 

modifications. For analytical purposes, approximately I mg (~l mmol) of [Sar1 .p '-N02-

Bpa8]Angll was dissolved in 1 ml of 5% aqueous AcOH and placed in a S ml glass vial. 

Powdered zinc was added in a small amount. The reduction reaction was stopped after 7 

min by 3 min centrifugation, which facilitated the decantation of the supematant 

containing the [Sar1 ,p '-NH2-Bpa8]Angll. The completion of the reaction was verified by 

HPLC. The peptide solution in AcOH was loaded on a pre-washed Sep-pak C1s column 

(MeOH and 0.05% TF A). Zinc-salts were eluted with 0.05% aqueous TF A. The peptide 

was eluted afterwards with 2 ml of 35% ACN and lyophilized. The next step was the 
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formation of the diazonium sait. Lyophilized peptide was dissolved in 1 ml of a 0.5 M 

solution of H2SQ4, cooled down on ice and 3 equivalents of NaNO2 were added to this 

solution. The oxidative capacity of the solution was verified by iodine-starch paper. A 

black coloration of the paper indicated a sufficient oxidative capacity of the solution. The 

vial with the peptide solution was then placed under N2 atmosphere and the diazotation 

reaction continued in these conditions(~ 0°C, N2, agitation) for 30 minutes. The excess 

of NaNO2 was eliminated by addition of 3.5 equivalents of suif amie acid. The completion 

of this reaction was again controlled with a iodine-starch -paper. Absence of color 

indicated no further presence of NaNO2. The transformation of p-NO2 to iodine was 

completed by decomposition of the diazonim sait of the peptide be an excess of Nal. The 

ice-cold solution of the diazotated peptide was slowly added dropwise to 1 ml of lM ice-

cold solution of Nal. The reaction was left under vigorously stirring and N2 atmosphere 

on ice for another 30 minutes. The temperature of the reaction was raised to 800C under 

agitation and left in these conditions for further 30 minutes. Ammonium acetate was then 

added to bufîer the solution to pH 5. Adding 1 mg of Na2SO3 eliminated traces of l2. The 

product of the iodination was loaded on a pre-washed (MeOH, 0.05% TFA) Sep-pak C1s 

column. Ail the salts were first eluted from the column with 0.05% TFA. The [Sar1,p'-I-

Bpa8]Angll was eluted from the column with a 15-40% ACN/0.05% TFA gradient with 

stepwise 1% increments. Approximately 2 ml fractions were collected into plastic 12 x 75 

mm tubes (Falcon) and lyophilized. Fractions were analyzed by HPLC and those 

containing [Sar1 ,p '-I-Bpa8]Angll were pooled and analyzed by MS. 
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In order to prepare larder amounts of [Sar1 ,p '-I-Bpa8]Angll, approximately 10 mg 

of [Sar1 ,p '-NO2-Bpa8]Angll were used for the Gattennann-Sandmeyer reaction. The 

conditions of ail three steps were as described in the previous paragraph. T o desalt 

[Sar1 ,p '-NH2-Bpa8]Angll, three Sep-pale C,s columns were stacked together and the 

peptide was eluted with 10 ml of 35% ACN in 0.05% TF A. The final product of the 

reaction, (Sar' ,p '-I-Bpa8]Angll, was purified by LC using a 10 x 150 mm column as 

previously described in section 2.2.3. 

2.3.2 Syntbesis of (Sar1 -1' ' -1251-Bpa1)Angll by the Gattermann-Sandmeyer reaction 

To prepare radioactive [Sar1 ,p '-1251-Bpa8]Angll, 1 mg of [Sar' ,p '-NO2-

Bpa8]Angll was used (Figure 10). The first two steps, reduction of the p '-NO2 group and 

diazonium sait preparation, were exactly the same as described in section 2.3.1. To 

decompose the diazonim sait in order to obtain the final product, [Sar1 ,p ·-125I-

Bpa8]Angll, 2 mCi of Na 1251 were used in presence of fteshly prepared Cu catalyst: 

during the diazotation of [Sar1 .p '-NH2-Bpa8]Angll, 20 mg of powdered zinc were 

dissolved in 200 µ1 of lM H2SO4 in presence of 800 µ1 of 0.5M CuSO2. The copper 

grains were washed twice with deionized distilled water, sonicated for 5 min, decanted by 

centrifugation and resuspended in 1 ml of water. When the diazotation reaction was 

complete, approximately half of the product in solution was used for radioiodination. The 

diazotated peptide was kept on ice and 20 µl of Na125I (2 mCi), together with 250 µl of 

Cu catalyst, were added to the ice-cold solution of the peptide. The mixture was kept on 

ice under vigorous stirring for 30 min and thereafter at 80 C for another 30 min. The 

reaction was stopped by adding Nff4QAc adjusting the pH to 5 and by adding 1 mg of 
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Figure 10. Synthesis of [Sar1 ,P'-1251-Bpa8)Angll by the Gattermann-Sandmeyer 

reaction. 

X= Sar-Arg-Val-Tyr-Val-His-Pro 
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Na2SO3 to reduce 12512 liberated by the reaction. The slurry was filtered through a 25 mm 

Acrodisc Syringe filter, 0.45 µm pore size (Gelman laboratory). The copper free solution 

was loaded on a pre-washed Sep-pale column (MeOH, 0.05% TF A). The salts were eluted 

with 0.05% TF A. The peptide mixture was eluted with 50% ACN and lyophilized in 

presence ofNaCl (1 ml of 1% solution). The final purification was done by HPLC. The 

lyophilized product was dissolved in 1 ml of water and loaded on a C 18 column (Waters). 

To elute the [Sar1 ,p ·-125I-Bpa8]Angll, a continuous ACN gradient between 20-45% of 

ACN, 0.5% per minute was applied. Fractions were collected at 30 seconds intervals, 

counted using a gamma counter (1470, Wizard, Wallac) and the fractions with the highest 

radioactive contents were kept at -80°C. 

(Note: for chemical nomenclature of ail substituted Bpa-analogues compare Figure 12.) 

2.3.3 Syntbesis of [Sar1 ,'-hpa-Bpa8)Angll and (Sar1 ,Phe\o'-hpa-Bpa8)Ang0 

In order to verify if the reaction conditions used for the diazonium sait preparation 

were giving acceptable yield, the diazonium salts of the [Sar1 ,p '-NH2-Bpa8]Angll or 

[Sar1 ,Pbe4,p '-NH2-Bpa8]Angll were intercepted by coupling with phenol under basic 

conditions (Figure 11 ). Approximately 10 mg of [Sar1 ,p '-NO2-Bpa8]Angll or 

[Sar1,Phe4,p '-NO2-Bpa8]Angll were used for this reaction. The amino- and diazo-

intermediates were prepared as described in section 2.3.1. During the diazotation 

reaction, a 1 M solution of phenol (~ 1 ml) in bicarbonate buffer, pH 8.5, was prepared 

and kept on ice. When the diazotation completed, the reaction product was added to the 

ice-cold solution of phenol drop by drop and left on ice under stirring for another 30 min. 

The reaction was stopped by neutralization of the mixture with 50% AcOH. [Sar1 ,p '-hpa-
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Figure 11. Synthesis of (Sar1JJ'-hpa-Bpa8)Angll by the Gattermann-Sendmeyer 

reaction. 

X= Sar-Arg-Val-Tyr-Val-His-Pro 
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Bpa8]Angll and [Sar1 ,Phe\.o '-hpa-Bpa8)Angll were purified on two Sep-pak C,s 

columns, which were previously washed with MeOH and 0.05% TF A. The salts and 

phenol were eluted first from the column with l 5% ACN and the crude peptide with 50% 

ACN. Fractions were collected and lyophilized. The lyophilized crude peptides were 

purified by liquid chromatography using a l O x l 50 mm column as previously described 

in section 2.2.3. The purity of each fraction was verified by HPLC and MS. The fractions 

containing the expected product were pooled, lyophilized and stored at -20°C. 

2.3.4 Radio-iodination of Angll analogues on Tyr4 

Ali the Angll analogues radio-iodinated on Tyr4
, which were used as a 

radioligand in binding studies and in photoaffinity labeling studies, were prepared 

according to the protocol described by FRAKER AND SPECK (1978). One mg of Iodo-

gen was dissolved in 10 ml of chlorofonn. Fifty µl of this solution were placed in 100 µI 

polyethylene tubes and left standing in the hood for a few hours to evaporate the solvent. 

The tubes coated with the oxidizer were stored at -20°C. The reaction mixture contained 

10 µlof 2 M AcOH, 50 µI of 1 mM peptide, lmCi ofNa125I (2200 Ci/mmol) and 30 µI of 

H20. The reaction was carried out for 30 min at RT. Radio-iodinated peptides were 

purified by HPLC, using a C18 column (Waters) and ACN as an eluting solvent with an 

ACN gradient ftom 20% to 40%. Fractions were collected every 30 sec and the 

radioactivity of each fraction was evaluated using a gamma-counter (1470 Wizard, 

Wallac). The fraction containing more than 500,000 cpm/µI were pooled, aliquoted and 

stored at -80°C. The specific activity of the radio-iodinated peptides was determined by 

binding studies and saturation studies. 
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2.3.5 Radio-iodination of (Sar1 ,Pbe4,p'-bpa-Bpa1)Angll 

[Sar1 ,Phe4.,p '-hpa-Bpa8]Angll was iodinated on the p "-phenyl group of the hpa-

Bpa using lodo-gen. The oxidizer was prepared the same way as described in the 

previous section. The pH of the reaction was kept at pffq,timum of the oxidizer (pH 8.5) by 

0.1 M borate bufîer. Fifty µI of 1 mM peptide and 1 mCi (2200 Ci/rnmol) ofNa125I were 

used for the reaction, which was done for 30 min. The radio-iodinated peptide was 

purified by HPLC as described above 

(Note: for chemica/ nomenclature of ail substituted Bpa-analogues compare Figure 12.) 

2.4 CELL CUL TURE AND TRANSFECTION 

2.4.1 Cell culture 

COS-7 (African green monkey kidney epithelial cells) cells were grown in 

DMEM (Dulbecco's modified Eagle medium) culture medium, supplemented with 10% 

fetal bovine serum (FBS), 2 mM of L-glutamine, 100 IU/ml of penicillin and 100 µglml 

of streptomycin. When confluence was reached, the medium was removed, the cells were 

washed with phosphate buffer pH 7.4 (PBS; composition: 137 mM NaCl, 0.9 mM MgCh, 

3.5 mM KCI, 0.9 mM CaCli, 8.7 mM Na2HPO, and 3.5 mM NaH2PO4) and detached 

ftom the bottom of the dish by 5 min treatment with 0.25% trypsin. Twelve ml of DMEM 

were added to the detached cells. Two ml of this suspension were distributed in six Petri 

dishes already containing 8 ml of supplemented DMEM and incubated at 37°C in an 

atmosphere of 5% CO2/95% air until confluence or when ready for a transfection. 
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2.4.2 Cell transfection 

COS-7 cells, confluent from 50 to 80%, were washed with DMEM without serum 

and transiently transfected with 0.5 µg of plasmid (pcDNA3'hAT1-WT) and 4 µI of 

lipofectamine diluted in 0.2 ml of DMEM without serum in 6-well dishes (for inositol 

phosphate measurement), or with 4 µg of plasmid (pcDNA3 containing as an insert either 

hAT1-WT, hAT2-WT or different mutants of both receptors) and 25 µI of lipofectamine 

diluted in 1.6 ml of DMEM in 10 cm Petri dishes (for binding studies or photolabeling). 

Cells were incubated for 5 hours at 37°C. The medium containing lipofectamine was then 

replaced with 10 ml of fresh complete DMEM medium. Two days later, the cells were 

washed with 5 ml of PBS per dish and stored at -80°C. 

2.5 BIOLOGICAL ASSAYS 

2.5.1 Isometric contraction of rabbit aorta 

New Zealand rabbits (1.5-2 kg) were killed by stunning and exsanguination, the 

thoratic aorta was excised, defatted and then eut into approximately 5 mm rings. Four 

ring pieces were placed into an isolated bath at 37°C containing a constantly oxygenated 

Krebs solution (118 mM NaCI, 4.7 mM KCI, 1.18 mM MgS04, 1.18 mM KH2PO4, 1.1 

mM glucose, 25 mM NaHCO3 and 25 mM CaCh, pH 7.4). An initial tension of2 g was 

applied and adjusted during a 2 hrs equilibration period. Isometric contractions were 

measured by using force displacement transducers (Grass FTO.3) and recorded using a 

Digi-Med System Integrator Model 210 (Micro-Med). The pD2 value for [Sar1 ,Tyr(O-

Pal)4]Angll was determined from cumulative dose-response curves. The pA2 values of ail 

other lipidated peptides were calculated by linear extrapolation from a response to 10"9 M 
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Angll before and after 30 min pre-treatment of the strips with lipidated analogues at 

different concentrations. The long-lasting effect of the lipidated antagonists was 

monitored by repeated injections of l 0-8 M Angll at l h intervals; tissues were washed 

every 10 min in between Angll injections. To determine the specificity of the lipidated 

Angll antagonists, the effect of 10·7 M [Sar1 ,Tyr(O-Pal)4,Leu8]Angll on contractions 

induced by the a 1-adrenergic agonist phenylephrin (10·7 M) and by the 8 1 receptor 

agonist Des-Arg9 -bradykinin ( l 0-8 M) was measured. 

2.S.2 Dosage of inositol phosphates 

Confluent cells, expressing the hA T i-WT receptor, were incubated with 15 

µCi/ml of[3H]myoinositol for 16-18 hours at 37°C in DMEM medium without FBS and 

inositol. The cells were washed twice with l ml of PBS containing l % [ w/v] dextrose, 

then incubated for 30 minutes at 37°C in Ml99 medium (810 µl) containing 25 mM 

HEPES (pH 7.4), 10 mM LiCl and 1% (w/v] BSA. The transfected cells were then 

stimulated for 20 minutes at 37°C with 10-6 M (90 µl) Angll or lipidated Angll 

analogues. The stimulation was stopped by adding perchloric acid (final concentration of 

S% [ v/v ]). The cells were incubated for 30 minutes on ice, then scraped from the wells 

using a plastic policeman, collected and centrifuged for 15 minutes at 13,000 rpm (4°C). 

The inositol phosphates were extracted from the supematant by adding 1.3 ml of a 

mixture of 1, 1,2-trichloro-trifluoro-ethane and tri-n-octylamine ( 1: l ). The upper aqueous 

phase, containing the inositol phosphates, was loaded on an ion exchange Bio-Rad AG l 

XS column (200-400 mesh; formate). Inositol phosphates were sequentially eluted from 

the column with a mixture of ammonium formate and formic acid by increasing the ionic 
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strength as described by DOWNES et al. ( 1986). After counting the radioactivity using a 

liquid scintillation ~-counter (Beckman LS 6800), the inositol biphosphates (IP2) and 

inositol triphosphates (IP3) were pooled to obtain the total production of inositol 

phosphates. 

2.6 BINDING STUDIES 

2.6.1 Preparation of the bovine adreno-cortical membranes 

Membranes of adrenal cortex were prepared according to GLOSSMANN et al. 

(1974). Ten bovine adrenal glands were defatted and chopped in longitudinal pieces. The 

adrenal cortex was carefully scraped off by a scalpel leaving the adrenal medulla and the 

capsule of connective tissue aside. This material was placed in 100 ml of ice-cold buffer 

(composition: 25 mM Tris-HCI, pH 7.2, 10 mM NaCI, 110 mM KCI, 5 mM KH2PO4, 2 

mM MgCii, 1 mM OTT and 2 mM EGTA). The tissues were minced with scissors and 

homogenized using a Dounce homogenizer. After a 15 min centrifugation at 500 x g, 4°C 

(Beckman, GPR centrifuge, rotor GH 3. 7), the supematant was centrifuged at 35,000 x g 

for 20 min, 4°C (Sorvall RC 2-B, rotor Sorvall SS-34). The pellet was resuspended in the 

same buffer as above without EGTA, supplemented with 14% [v/v) glycerol and 1.4% 

[w/v) sorbitol, to obtain a final concentration of 20-30 mg of proteins/ml. The 

concentration of proteins was determined by the method described by LOWRY et al. 

( 1951 ). The membrane solution was aliquoted in 100 µl fractions, froze in liquid nitrogen 

and stored at -80°C. 
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2.6.2 Membrane preparation of COS-7 cells expressiag the Aagll receptors 

Frozen Petri dishes containing transfected cells were thawed for 2 min in a water 

bath at 37°C and then placed on ice. The cells were gently scraped ftom the bottom of a 

dish, resuspended in 10 ml of Tris/HCI buffer, pH 7.4 (buffer composition: 50 mM 

Tris/HCl, 100 mM NaCI and 5 mM MgCh), and centrifuged at 3,000 rpm for 12 min, 

4°C. The membrane pellet was resuspended in the same buffer and used as a membrane 

preparation for either binding studies or photolabëling. The concentration of the proteins 

was determined by the method described by LOWRY et al. (195-1). 

2.6.3 Protein dosage by the Lowry method 

The protein concentrations of ail membrane preparations were determined by the 

method described by LOWRY et al. (1951). The composition of the solutions used for 

this method was as follows: solution A - 2% Na2CO3 in 0.1 M NaOH, solution B - 0.5% 

CuSO4 in 1 % NaK Tartraté, solution C - mixture of 50 ml of A and 1 ml of B, and 

solution D - l M Folin-Ciocalteau reagent. To determine the protein concentration of a 

membrane preparation, standard curve was established using BSA. lncreasing amounts of 

BSA (0 to 200 µg) were completed with water to a final volume of 200 µI, 2 ml of 

solution C was added and the mixture was well shaken and incubated for 10 min at RT. 

Then 200 µI of solution D was added, well shaken and incubated for another 30 min. The 

optical density (O.D.) was measured at wavelength of 660 nm and the O.D. values 

obtained were plotted in a graphie as a function of the protein concentration (Fig. 11 ). In 

parallel, the protein concentration in the membrane preparations was determined. Tbree 

aliquots of 100 µI of each membrane preparation were kept to calculate the amount of 
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protein. Membranes 

were placed in 

Eppendorff tubes, 

spinned at 15,000 

rpm for 7 min and 

resuspended in 200 

µI of water. The 

volumes of solutions 

C and D as well as 

the incubation times and the wavelength to determine O.D., were the same as for the 

standard curve construction. The protein concentration in the membrane samples was 

extrapolated from the standard curve using the experimental O.D. values. 

2.6.4 Dose-displacement binding studies 

Membranes ( approximately SO µg of protein in case of adrenocortical membrane 

preparation or 1 S-40 µg for membrane preparation of COS-7 cells) were incubated in a 

buffer containing 50 mM Tris/HCI (pH 7.4), 100 mM NaCI, 5 mM MgCh and 0.1% 

BS~ with 0.2 nM 125I-[Sar1 ,Ile8]Angll and [Sar1 ,Ile8]Angll or different Angll analogues 

at different concentrations (10-5-10"12 M) for two hours at room temperature, in a final 

volume of S00 µI. When working with adrenocortical membrane preparation, PD 123 319 

at the final concentration of 10-6 M was added to block the effect of the AT 2 receptor. The 

incubation was stopped by adding 3 ml of ice-cold washing buffer (50mM Tris/HCI (pH 

7.4), 100 mM NaCI and 5 mM MgC)z). The bound ligands were separated from the non-
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bound ligands by filtration through Gelman Science AIE glass fiber tilters. Radioactivity 

was quantified using a gamma-counter. IC50 values were determined from concentration-

displacement binding curves (~3) and transformed in Ki values by using the CHENG-

PRUSSOFF equation (1973): 

ICso 

l + [
1251-ligand] 

K 125 
D ( !-ligand) 

The ICso value represents the concentration of Angll or Angll analogues inhibiting the 

binding of the radioligand by 50%, the Ki is the affinity constant of Angll or of the 

analogue and Ko represents disociation constant of 125l-[Sar1 ,Ile8]Angll. 

2.6.S Saturation binding studies 

Membranes from the COS-7 cells were prepared as described in section 2.6.2. 

The membranes (15-40 µg) were incubated in binding buffer containing 0.1% BSA and 

increasing concentrations of 125I-[Sar1 ,Ile8]Angll (100 Ci/mmol) for l.S h at RT in final 

volume of O.S ml. The incubation was stopped by adding 3 ml of ice-cold buffer (without 

BSA). The bound ligand was separated from the non-bound ligand by filtration through 

Gelman Science AIE glass fiber filters. The tube was washed twice with 3 ml of ice-cold 

buffer. The nonspecific binding was determined in presence of l 0-6 M [Sar1 ,Ile8]Angll. 

The filtered radioactivity was assessed using a gamma counter (1470 Wizard, Wallac). 

The specific activity was obtained ~y subtracting the values of the non-specific binding 

from the values of the total binding. The affinity of the radioligand (Ko) and the 

• 
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maximum binding capacity (Bmax) were calculated using the Scatchard analysis 

(SCATCHARD, 1949). 

2. 7 SITE-DIRECTED MUTAGENESIS 

The four mutants of the hAT2 receptor (Ml28A, Ml28L, Ml38A and Ml38L) 

were prepared using the cDNA of hA T 2-WT in the pcDNA3 vector as a template. The 

double mutants of the hAT2 receptor (Ml28,138A, Ml28,138L) were prepared using 

Ml28L-hAT2 or Ml28A-hAT2, subcloned in the same vector, as a template. The cDNA 

of the wild-type receptor and the cDNAs of the mutated receptors were subcloned in the 

vector under the restriction sites of Hindi// and Xbal. Mutations were made using the 

overlap extension polymerase chain reaction as described by HO et al. (1989). In order to 

introduce the desired mutations two external and ten internai primers carrying the 

mutation were designed (Table n. The extemal AT2F primer carried a restriction site for 

HindJJI and corresponded to the coding sequence of the gene starting with the codon for 

the first Met hA T 2-WT protein sequence. The extemal A T2R primer carriec.t a restriction 

site for Xba/ and correspondec.t to the complementary sequence of the gene with a STOP-

codon. The untranslated 5' and 3 '-regions of the hA T 2-WT cDNA were not amplified by 

PCR. In each set of primers, primer F contained the codon for the desired mutation, while 

the remaining bases correspondec.t to the coding sequence of hA T 2-WT. Primers R are the 

complementary primers. 



Table I. Constructions of the oligonucleotides used for site-directed mutagenesis. 

Name 

AT2F 

RAT2 

M128AF 

M128AR 

M128LF 

M128LR 

Ml38AF 

M138AR 

M138LF 

Ml38LR 

Description 

Met128 128 

Met128 

Met138 138 

Met138 

Oligonucleotide 

CAGCAAGCTTATGAAGGGCAACTCCACCCTTGCC 

CAGTCTAGATTAAGACACAAAGGTCTCCATTTC 

GGTTCTTTTCTTACCCTGAACGCGTTTGCAAGC 

GCTTGCAAACGCGTTCAGGGTAAGAAAAGAACC 

GGTTCTTTTCTTACCCTGAACÇTGTTTGCAAGC 

GCTTGCAAACAQTTCAGGGTAAGAAAAGAACC 

CACCTGCGCGAGTGTTGATAGGTACCAATCTG 

CAGAAAGGTACCTATCAACACTCGCGCAGGTG 

CACCTGCÇTGAGTGTTGATAGGTACCAATCTG 

CAGAAAGGTACCTATCAACACTCAQGCAGGTG 
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The underlined nucleotides show the substituted nucleotides carrying the desired 

mutation. The colored sequence shows a restriction site for either HindIII (AT2F) or 

Xbal (RAT2). 
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PCR amplification was carried out with a DNA Thenna Cycler (Perlcin Elmer) 

using Expand High Fidelity PCR System as specified by the manufacturer. Amplification 

of the DNA fragments was achieved by adding 100 ng of the template plasmid DNA, 5 

mM of dNTP mixture, 300 nM of each primer and 1 unit of Taq polymerase in a final 

volume of 50 µI. The reaction was subjected to 30 cycles of denaturation (30 sec, 94°C), 

annealing (30 sec, 60°C), and extension (2,5 min, 72°C). The first-round PCR fragments 

were run on 1 % agarose gel and purified by QIAquick Gel Extraction Kit. Five µl of each . 
of the two PCR fragments were mixed and used as templates for second-round PCR. The 

reaction conditions used for the annealing of the two first-round PCR fragments were 

identical to those in the first-round PCR reactions. The resulting gel-purified mutated 

DNA fragments ( ~ 60 nM) and empty pcDNAJ vector ( ~ 30 nM) were digested with 

Hindi// and Xba/ restriction enzymes, purified, and ligated using the Rapid DNA 

Ligation Kit. About 10 µl of the ligation mixture were transfonned into Subcloning 

efliciency DHSa competent cells and grown on LBC/agar plates at 37°C. Single colonies 

were chosen at random and grown for 16 hrs in 2 ml liquid LBC media. Wizard Plus 

minipreps DNA purification system was used to isolate the plasmid DNA from ~ 1,5 ml 

ofthis grown bacterial culture white the rest of it (~ 0.5 ml) was stored at 4°C for further 

manipulations. The proper ligation of the insert into the vector was confirmed by a 

control digestion of the miniprep DNA with Hindi// and Xbal restriction enzymes. The 

positive miniprep DNAs were sequenced using the dideoxynucleotide termination 

method (SANGER et al., 1977) to verify the mutation. The bacterial culture carrying the 

desired mutant clone was used for maxiprep DNA preparation. About 50 µI of this 
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culture was grown over night in 100 ml of liquid LBC. The plasmid DNA was isolated by 

QIAfilter Plasmid Maxi kit. 

In order to insure sufficiently high levels of expression of the mutant clones, a 

portion of insert carrying the desired mutation was excised by Bbsl restriction enzyme 

and subcloned back in the hAT2-WT/pcDNA3 plasmid, previously digested with the same 

enzyme. The proper subcloning was verified by the same strategy as described in the 

previous paragraph. The maxiprep plasmid DNA ofthes~_newly subcloned mutant clones 

was used for a transfection of the COS-7 cells according to section 2.4.2. 

2.8 PHOTOLABELING STUDIES 

Frozen COS-7 cells, previously transfected with either hAT1-WT, or hAT2-WT, 

or different mutant receptors, were thawed for 1-2 min at 37°C. The membranes ofthese 

cells were prepared as described in section 2.6.2. In order to compare the efficacy of the 

different photoprobes, or the ability of the different mutant receptors to be photolabeled 

by [Sar1 ,(125I-Tyr)4,Bpa8]Angll or [Sar1 ,(125I-Tyr)4,NO2-Bpa8]Angll, the same amount of 

receptors was resuspended in 1 ml of binding buffer with no BSA and incubated for 90 

min at RT in presence of 3 nM of radioiodinated photoprobe. For specificity tests, l µM 

ofL-158,809 (an AT1 selective ligand) or 1 µM of PD 123 319 (an AT2 selective ligand) 

was added to the solution. After centrifugation at 500 x g for 7 min at 4°C, the broken 

cells were washed once and resuspended in 0.8 ml of ice-cold binding buffer (without 

BSA), transferred in 4-well plates (Nunclone), and then irradiated for 60 min on ice under 
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filtered (Raymaster black light filter No 5873, Gates and Co. Inc.) UV light (365 nm) 

(100 W mercury vapor lamp serial number JC-Par-38, Westinghouse). The cells were 

centrifuged at 500 x g for 10 min at 4°C. The pellet was solubilized in 200 µI of m-Ripa 

buffer (50 mM Tris-HCI, pH 8; 150 mM NaCI, 0.5% [w/v] deoxycholate, 0.1% [w/v] 

SOS and 1% [v/v] Nonidet P-40, cocktail inhibitor (antipaine-HCI 60 µg/ml, bestatine 10 

µg/ml, chymostatine 20 µg/ml, E-64 60 µg/ml, leupeptide 10 µg/ml, phosphoramidon 60 

µg/ml, Pefabloc SC 400 µg/ml, EOT A 200 µg/ml and aprotinine 10 µg/ml) and let 

standing on ice for 30 min to insure a -complete solubilization. After centrifugation at 

13,000 x g for 15 min at 4°C, the supematants containing the solubilized photolabeled 

receptors were stored at -20°C until further analysis. 

The ability of the different photoprobes to photo label the wild type hA T 1 or hA T 2 

receptors as well as their mutants, was evaluated by SOS-PAGE. SOS-PAGE was done 

as described by LAEMMLI (1970) using a 1 mm 7.5% polyacrylamide analytical gels, 

where either constant amounts of photolabeled receptors or constant numbers of cpm 

were loaded onto the gel. The appropriate volumes of photolabeled and solubilized 

receptors were diluted in 3x Laemmli butîer (final concentration lx) (180 mM Tris-HCl, 

pH 6.8; 30% [v/v] glycerol, 6% [w/v) SDS, 300 mM DTT and 0.075% [w/v] bromphenol 

blue) and incubated for 1 h at 37°C. The samples were then migrated at constant voltage 

of 140 V. The gels were then dried and exposed to X-ray films (Kodak BIOMAX MS) 

with intensifying screen. 
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2.9 PARTIAL PURIFICATION OF THE PHOTOLABELED COMPLEX 

The solubilized photolabeled receptors were diluted with a half volume of 3x 

loading buffer (final concentration lx; composition of the buffer was the same as 

described in the previous chapter) and incubated for l h at 37°C. SOS-PAGE was 

performed as described by LAEMMLI (1970) using l.5 mm 7.5% preparative gels. The 

gels were then sealed in a plastic bag and exposed to X-ray film (Kodak BIOMAX MS) 

with an intensifying screen. After autoradiography, radioactive bands were excised from 

the gel and eut into slices. Their radioactive content was measured using a gamma-

counter. The labeled receptors were eluted from the gel slices into fresh electrophoresis 

buffer (25 mM Trisma-base, pH 8.3; 250 mM glycine and 0.1% [w/v] SOS) by 

electrolelution using Model 422 Electro-Eluter (Biorad Laboratories) for 7 hrs. 

Altematively, a passive elution into 0.5% SOS, as described by BLANTON AND 

COHEN (1994), was used to elute the proteins from the gel. The gels were eut into small 

pieces and left in ~ 5 ml of 0.5% SOS solution for about 3 days at 4°C upon gentle 

agitation. The eluate was concentrated to a final volume of 0.5 ml using centrifugai filter 

units Ultrafree-15 and Ultrafree-4 (Millipore Co.) and was stored at -20°C. 

2.10 TREATMENT OF THE PHOTOLABELED COMPLEX WITH CNBr 

For CNBr hydrolysis, the partially purified photolabeled receptors (10,000-20,000 

cpm) were resuspended in 200 µlof 70% [v/v] TFA/ACN. CNBr (200 µl) was added to 

obtain a final concentration of 100 mg/ml. The samples were incubated at RT, in the 
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dark, for 16-18 hrs. The reaction was tenninated by adding 1ml of water. Samples were 

lyophilized three times. The samples were resuspended in Laemmli buffer to be analyzed 

by SDS-P AGE using 16.5% Tris-Tricine polyacrylamide gels followed by an 

autoradiography on X-ray films (Kodak BIOMAX MS) with an intensifying screen. 14C-

labeled low-molecular mass protein standards (Amersham Inc.) were used to detennine 

the apparent molecular weights. 

FUNCTION: CNBr cleaves peptide bond at the C-terminal of every methionine residue. 

(Figure 14. indicates ail the Met residues within the primary structure of the AT1 and the 

AT2 receptor. 



A) AT 1 receptor 

B) AT 2 receptor 

Figure 14. Two-dimensional representation of the topology of the AT1 (A) and 

AT 2 (B) receptor. Pink circles represent Met residues in the primary structure of the 

receptors, which are susceptible to the treatment with CNBr. 

68 
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RESULTS 

3.1 PHYSICO-CHEMICAL CHARACTERISTICS OF PALMITOYLATED 

ANGII ANALOGUES 

In this part of the study we have described the synthesis of Angll analogues 

carrying a fatty acid residue, attached by an ester bond to the phenolic residue of Tyr4
• 

The structures of the synthesized analogues are shown in Table Il. The peptides were 

assembled on a Wang resin, using solid-phase peptide synthesis and the 

Fmoc/piperidine/fFA strategy. The fatty acid residue was introduced after coupling of 

side-chain unprotected N°-Fmoc-Tyr. Palmitoyl chloride was used as twelve-fold excess 

of acylating agent in presence of N-methylmorpholine to keep the pH basic. The 

esterification reaction was stopped after 12 hrs and the rest of the peptide was synthesized 

as described in section 2.2.1. Crude peptides were purified by reverse-phase (C1s) liquid 

chromatography. Figure 15 shows a typical HPLC record of synthesized pepitdes. 

Expected peptide structures were confinned by ES/MS, and purity by HPLC and TLC. 

Table III shows the physico-chemical properties ofthese analogues. 

3.2 PHARMACOLOGICAL CHARACTERISTICS OF PALMITOYLATED 

ANGII ANALOGUES 

ln order to characterize pharmacologically these new analogues of Angll, the 

affinities (as Ki values) of these analogues for the AT1 receptor were evaluated by dose-



Table Il. Structure of the Angll analogues 

No. Peptide 

1 

2 

3 

4 

5 

6 

7 

Abbreviation 

[Tyr(O-Pal)4 ,Gly8]Angll 

[Tyr(O-Pal)4 ,Ala8]Angll 

[Tyr(O-Pal)4,Ile8]Angll 

[Tyr(O-Pal)4 ,Leu8]Angll 

[Tyr(O-Pal}4]Angll 

[Tyr(O-Pal}4,D-(JNal8]Angll 

[Tyr(O-Pal)4 ,BrsPhe8]Angll 

Formula 

[Sar1, Tyr(O-Pal)4, V ais ,Gly8]Angll 

[Sar1, Tyr(O-Pa.1)4
, Vals ,Ala8]Angll 

[Sar1 ,Tyr(O-Pal)4.Vals,ne8]Angll 

[Sar1, Tyr(O-Pal)4
, Vals ,Leu8]Angll 

[Sar1, Tyr(O-Pal)4, V als]Angll 

[Sar' ,Tyr(O-Pal)", Val5 ,D-J3Nal8)Angll 

[Sar1,Tyr(O-Pal)",Val5,Br5Phe1]Angll 
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O-Pal - ester of palmitic acid and tyrosine; D-/JNal - D-beta-naphty/-pheny/a/anine; 

BrsPl,e - penta-bromo-phenyla/anine. 
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Figure 15. HPLC record of [Sar1,Tyr(O-Pal)",Br5Phe8)Angll. A) Peptide from 

crude extract after cleavage from the resin. B) Peptide purified by reverse-phase LC. 

The absorbance was read at 214 nm. 
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Table m. Physico-cbemical properties ofTyr4- palmitoylated Angll analogues 

No. MW 

cale. 

1 1136.54 

2 1150.57 

3 1192.65 

4 1192.65 

5 1126.67 

6 1276.49 

7 1520.79 

measured 
(ES/MS) 

1137.0 

1150.3 

1192.5 

1192.4 

1226.0 

1276.8 

1520.1 

TLC-Rr 

0.45 

0.49 

0.46 

0.46 

0.48 

0.54 

0.49 

ret. time 
[min] 

15.9 

16.7 

16.6 

16.8 

17.0 

17.4 

17.6 

HPLC 

%ACN 
gradient 

45 

48 

48 

49 

49 

51 

52 

Yield 

(%] 

17 

14 

18 

18 

15 

12 

11 
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TLC was performed in the so/vent system butano//AcOH/water, 5:3:2. HPLC was carried 

out on a C,a reverse-phase co/umn, e/uted with,J gradient 0-95% ACN in 0.05% TFA. 

Ca/eu/arion of the yie/d is based on the initial resin capacity. 
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displacement binding studies on bovine adr~no-cortical membranes. After detennination 

of their IC50, ail the analogues were subsequently used in functionality assays; their 

agonist/antagonist properties were detennined by either looking at the production of 

inositol phoshates in COS-7 cells transfected with hAT1, or by measuring the contraction 

of smooth muscle (rabbit aorta strips). In order to find out if these analogues were 

specific and acted only via the AT 1 receptor, the contractions of smooth muscle induced 

by Angll (agonist of the AT1 receptor), desArg9-BK (agonist of the B1 bradykinin 

receptor) or phenylephrine (agonist of the a 1-adrenergic receptor) were compared after 

tissues pretreatment with palmitoylated antagonist. In the last experimental series, the 

influence of hydrophobie effect of the C-terminal amino acid in the molecule of 

palmitoylated Angll analogues on the durability of their action was investigated. 

3.2.l Dose-displacement binding studies on bovine adrenal cortex 

The AT 1 receptor affinities were determined by dose-displacement binding 

studies on bovine adreno-cortical membranes. Table IV summarizes the pKi values 

obtained for ail compounds and for the non-palmitoylated equivalents. Ali the 

lipopeptides showed about half an order of magnitude lower affinity compared with their 

non-lipidated fonns. [Tyr(O-Pal)4,D-f3Nal8]Angll and [Tyr(O-Pal)4, BrsPhe8]Angll were 

an exception; both had approximately an order of magnitude lower affinity for bAT1, 

when compared to those observed for [Sar1 ,D-f3Nal8]Angll or [Sar1 ,Br5Phe8]Angll 

respectively. 
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Table IV. Aftinity of the Tyr4-palmitoylated Angll analogues for the bovine AT, 

receptor 

Palmitoylated pKi 1) &pKi known Angll pKï 2
> 

peptide analogue 

Angll 8.4 

5 8.07±0.06 0.73 (Sar1 ]Angll 8.8 

1 7.96±0.32 0.44 [Sar1 ,Gly8]Angll 8.4 

2 7.65±0.05 0.45 (Sar1 ,Ala8]Angll 8.1 

3 8.25±0.18 0.55 [Sar1 ,De8]Angll 8.8 

4 8.23±0.21 0.57 [Sar1 ,Leu8]Angll 8.8 

6 6.66±0.16 1.14 [Sar1 ,D-J}Na18]Angll 7.8 

7 7.40±0.14 1.40 [Sar1 ,BrsPhe8]Angll 8.8 

Values are expressed in mean ± STD.; /) pK; is the negative log of the K;.; 2) pKi values 

as reported by BOULEY (/998). ApK; is pK; ZJ_pK I)_ 
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3.2.2 Functionality assays 

Two different assays were perfonned in order to detennine whether the 

palmitoylated Angll analogues were agonists or antagonists of the AT1 receptor. The 

summary of these results is reported in Table V. In order to evaluate if these analogues 

induce a production of inositol phosphates in COS-7 cells, the cells were transfected with 

hAT1 cDNA and then stimulated with one of the new analogues. A peptide concentration 

of 10·7 M was used to assure a complete saturation of the available binding sites and 

obtain maximal production of inositol phosphates induced by the analogue. As a control, 

the production of inositol phosphates by the same cells induced by Angll, and the basal 

production of inositol phosphates in absence of Angll-induced stimulation, was 

measured. Figure 16 shows that among the palmitoylated analogues only [Tyr(O-

Pal}4]Angll stimulated inositol phosphates production above the basal level, and that ail 

the other analogues were not able to activate the PLC-associated signal transduction 

pathway. 

In order to verify if [Tyr(O-Pal)4]Angll is a full agonist of AT1, we measured an 

isometric contraction of rabbit aorta strips induced by this analogue and compared it to 

that induced by 10·9 M Angll. Figures 17-A and 17-B show that the maximal contraction 

induced by this analogue corresponded to that induced by Angll. On the other band, none 

of the other palmitoylated analogues were able to stimulate contraction of rabbit aorta 

strip even in saturating concentrations. Furthennore, response of the tissue to 10-9 M 

Angll decreased when pretreated with the anatgonistic analogues (figure 17-C). Table V 

shows the pD2 value, calculated from the [Tyr(O-Pal)4]Angll cumulative concentration-
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Table V. Biological activity of the Tyr4-palmitoylated Angll analogues 

Palmitoylated pD2 pA2 IPs .1 pD2/pA2 known Angll pD21> pA2 1
> 

peptide analogue1> 

Angll* 8.7 

5 7.79±0.43 t 0.41 [Sar1]Angll* 8.2 

1 7.24±0.01 .J, 0.96 [Sar1 ,Gly8]Angll* 8.3 

2 7.51±0.11 .J, 0.79 [Sar1 ,Ala8]Angll* 8.3 

3 7.88±0.18 .J, 0.22 [Sar1 ,Ile8]Angll* 9.3 

4 7.98±0.13 .J, 0.62 [Sar1 ,Leu8]Angll* 8.7 

6 7.39±0.16 .J, 0.71 [Sar1 ,D-JlNa18]AngII" - 8.1 

7 6.59±0.05 .J, 1.21 [Sar1 ,BrsPhe8]Angllc 7.8 

Values are expressed in mean ± SD.; activities were measured in the concentration range 

of 5x10-11-10-5 M of each peptide; pD2 is the negative log of the agonist concentration 

thal produces half-maximal contraction; pA2 is the negative log of the antagonisl 

concentration lhat suppresses response to agonisl by 500/4; /Ps: inositol phosphates; f: 

/Ps production over basal Level; .J-: no /Ps production over the basal Level; .1 pD2/pA2: 

pD2 1>1pA2 1> - pD2/pA2; /) values as reporled in litera/ure:• by REGOLI et al (/974), # 

MALETINSKA et al (1998), and c BOSSÉ el al (/990). 
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Figure 16. Production of inositol phosphates in COS-7 cells transfected with the 

hAT1 receptor. COS-7 cells were grown for 18 hrs at 37°C with 15 µCi of myo-

[3H]inositol and subsequently incubated in stimulation medium for 30 min. indicates 

basal production of inositol phosphates in COS-7 cells transfected with hAT1. Cells were 

stimulated with 10-7 M: AngII, [Tyr(O-Pal)4]AngII, [Tyr(O-Pal)4,Aia8]AngII, 

[Tyr(O-Pal)4,Ile8]AngII, [Tyr(O-Pal)4,Leu8]AngII, [Tyr(O-Pal)4,Br5Phe8]AngII, or by 

[Tyr(O-Pal)4,D-(3Nal8]AngII for 20 min at 37°C. Stimulation was stopped by addition 

of 5% perchloric acid [w/v]. IPs were extracted and separated by ion-exchange 

chromatography. IPs production was determined by a liquid scintillation (3-counting. 

Bach value represents the mean ± SD of three experimental values (triplicates). The 

graphie is a typical representation of the results obtained from three different 

experiments. 
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Figure 17. Response of rabbit aorta strips to Tyr4-palmitoylated Angll analogues. 

Rabbit aorta strips were defatted and equilibrated in Krebs solution (37°C, 95% 0 2/5% 

C02) for 2 hrs while a constant tension of 2 g was applied. A) Isometric contraction of 

rabbit aorta induced by l 0-9 M Angll. B) Isometric contraction of rabbit aorta induced by 

[Tyr(O-Pal}4]Angll, when added in cumulative manner to a final concentration of l 0-5 M. 

C) Isometric contraction of rabbit aorta induced by l 0"9M Angll before ( l) and after 30 

min tissue pretreatment with 10-8 M (2) or 2.5xl0"8M [Tyr(O-Pa1)4,Leu8]Angll (3). 

• indicates injection of an agonist; • indicates washing. 
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response curves, and the pA2 values of ail the other lipopeptides, estimated by linear 

extrapolation. Table V also shows a comparison of these values with those reported for 

the non-palmitoylated equivalents. Generally, ail the lipopeptides were Jess active than 

their non-palmitoylated fonns. 

3.2.3 Specificity test 

To verify whether the palmitoylated analogues acted only via activation of the 

AT 1 receptor, isometric contractions of rabbit aorta strips induced by either Angll, des-

Arg9-BK or phenylephrine before and after application of 10-7 M [Tyr(O-

Pal)4,Leu8]Angll, was measured. Figure 18 indicates that the response of the tissue to 

des-Arg9 -BK and phenylephrine was not influenced by [Tyr(O-Pal)4,Leu8)Angll. On the 

other band, the same concentration of [Tyr(O-Pal)4,Leu8]Angll blocked completely the 

response of the rabbit aorta strip to Angll. 

3.2.4 Duration of eff ect of palmitoylated Angll analogues 

As showed in figure 19-A to 19-C, the response of the tissue to the agonist (10"9 

M Angll) decreased for a prolonged period of time upon pre-treatment of the tissues with 

the palmitoylated analogue. ln order to verify if this was dependent on the character of 

the C-tenninal amino acid in the molecule of lipopeptide, contractile response of ail the 

lipopeptide-pretreated tissues induced by Angll after different washing intervals (0, 1 and 

2.5 hrs), was measured. Figure 20 compares the ability of 4 different analogues, non-

palmitoylated [Sar1 ,Leu8]Angll and palmitoylated [Tyr(O-Pa1)4,Ata8]Angll, [Tyr(O-



120 

100 ... 
0 ..... ..... 

80 
0 
(.) 

60 s ..... 
s 40 c.., 
0 

20 

0 
+ 

phenylephrin 
(10-7M) 

+ 
des-Arg9 -BK 

(10-8M) 

81 

+ 10-7 M [Tyr(O-
AngII Pal/,Leu8]Angll 
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Figure 18. Specificity of palmitoylated Angll analogues. Rabbit aorta strips were 

defatted and equilibrated in Krebs solution (37°C, 95% Oi/5% CO2) for 2 hrs while a 

constant tension of 2 g was applied. The isometric contraction of the tissues induced by 

10-7 M phenylephrin, 10-8 M des-Arg9 -BK or by 10-8 M AngII was measured 

before (-) and after (+) a 30 min incubation period with 10-7 M [Tyr-(O-Pal)4,Leu8]AngII. 

Bach histogram represents the percentage of maximal contraction of the tissue induced by 

one of the substances, calculated as a mean ± SD from three different experiments. 
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Figure 19. Long-lasting effects of palmitoylated Angll analogues. Rabbit aorta strips 

were defatted and equilibrated in Krebs solution (37°C, 95% 0 2/5% CO2) for 2 hrs while 

a constant tension of 2 g was applied. Isometric contraction of the tissue has been 

measured as a response to 10-9 M Angll (control). Tissues were washed for 1 hr and 

incubated for 30 min with A) 3x 10-8 M [Tyr(O-Pal)\Ala8]Angll, B) 2.5x 1 ff8 M [Tyr(O-

Pal)"\Leu8]Angll, C) 2.5x 10-7 M [Tyr(O-Pal)'\Br5Phe8]Angll. Response of the tissues to 

10-8 M Angll was recorded after 0, 1 and 2.5 hrs of washing. Traces represent a typical 

result obtained in three different experimentsJ indicates injection of agonist, T indicates 

washing. 
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Figure 20. Influence of the size of the C-terminal amino acid of the palmitoylated 

Angll analogues on the long-lasting effect of these analogues. Rabbit aorta strips were 

defatted and equilibrated in Krebs solution (37°C, 95% 0 2/5% CO2) for 2 hrs while a 

constant tension of 2g was applied. An isometric contraction of the tissue was previously 

measured in response to 10-8 M AngII (control). The tissues were washed for 1 hr and 

incubated for 30 min with 10-8 M [Sar1,Ile8]AngII, M [Tyr(O-Pal)4,Ala8]AngII 

2.5x10-8 M 2.5x10-7 M [Tyr(O-Pal)4,Br5Phe8]Angll. The 

response of the tissues to 10-9 M AngII was recorded after 0, 1 and 2.5 hrs of washing. 

Bach histogram is expressed as a percentage of the response to 10-9 M AngII obtained 

before and after tissue pretreatment with the corresponding AngII analogues. The 

percentage of the maximal contraction was calculated as a mean ± SD from three 

different experiments. 
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Pa1)4.Leu8]Angll and [Tyr(O-Pa1)4,(Brs-Phe)8]Angll, to antagonize the contraction of 

rabbit aorta induced by Angll. The antagonistic effect of the non-palmitoylated analogue 

and the [Tyr(O-Pal)4,Ala8]Angll was almost completely abolished after 1 hr of washing. 

The effect of [Tyr(O-Pal)°',Leu8]Angll and [Tyr(O-Pal)4.BrsPhe8]AngII was still present 

even after 2.5 hrs of washing. The response of the [Tyr(O-Pal)4,Leu8]Angll-treated tissue 

to Angll reached only about 40% of the maximal contraction where as the response of the 

[Tyr(O-Pal)4,Br5?he8]Angll-treated tissue remain unchanged. 

J.J p'-1-BPA: SYNTHESIS, CHARACTERIZATION AND PHOTOLABELING 

OF THE AT1 RECEPTOR 

J.J.l Syntbesis and cbaracterization ofp'-1-Bpa 

p '-I-Bpa was synthesized by the Gattennan-Sandmeyer reaction as a post-

synthetic modification of [Sar1 ,p '-NO2-Bpa8]AngII. Figure 10 in section 2.3.2 shows 

every reaction step and the corresponding reaction conditions, which were observed. The 

peptide was prepared by solid-phase peptide synthesis on a Wang resin using the 

Fmoc/piperidineffFA strategy. The crude peptide was purified by reverse-phase liquid 

chromatography. The correct peptide structure was confinned by MALDI-TOF MS and 

its purity by HPLC. The calculated molecular mass of the peptide, MW ~ 1136, 

corresponded well to that obtained by MS. The peptide was eluted from the C1s column at 

30% of ACN/0.05%TFA. 

The Gattermann-Sendmayer reaction consists essentially from three steps. The 

first step, reduction of the p-NO2 group to the p-NH2, was achieved with zinc in aqueous 
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AcOH and the product purified by reverse-phase chromatography. The protocol was 

optimized after numerous trials at different conditions in order to obtain the highest yield 

of [Sar1 ,p '-NH2-Bpa8]Angll. The products of every reaction procedure were identified 

and quantified by HPLC and MALDI-TOF MS and the ratio of [Sar1 ,p '-NH2-

Bpa8]Angll/byproducts was compared. Other approaches to reduce the p-NO2 group of 

p '-NO2-Bpa8, such as the use of Pd on charcoal and H2 yielded more pronounced site 

products. Altho1.&gh on HPLC, the reduced and partially purified peptide seemed to be 

quite pure, having an elution peak at 25% of ACN/0.05% TF A, MS showed a mixture of 

two compounds. Molecular mass of one of these compounds corresponded to the 

theoretical molecular mass for [Sar1 ,p '-NH2-Bpa8]Angll; MW ~ 1107. The other 

compound present in the mixture displayed a MW that was higher by 16 units. This 

product, MW ~ 1124, corresponded to hydroxylamine of [Sar1 ,Bpa8]Angll. 

The second step, the formation of the diazonium sait by NaNO2 under acidic 

condition, was carried out on desalted and lyophilized [Sar1 ,p '-NH2-Bpa8]Angll. The 

diazotated peptide was used immediately in the next step. 

ln the last step, the diazonium group was replaced by an iodine atom. Excess li 

(formed in situ), which served as an iodinating reagent, was eliminated by addition of 

Na2SO3. The peptide mixture was then purified by reverse-phase LC and each fraction 

analyzed by MALDI-TOF MS to determine the elution profile of [Sar1 ,p '-I-Bpa8]Angll. 

The most abundant reaction product was eluted from the C 18 column at 29% of 

ACN/0.05% TFA. The molecular mass of the product, MW~ 1091, was determined by 
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MS, and corresponded to [Sar1 ,Bpa8]Angll. The second major peak, with elution at 37% 

of ACN/0.05% TFA, had molecular mass, MW~ 1218, which was in agreement with the 

calculated value for [Sar1 ,p '-I-Bpa8]Angll. The MS of the crude peptide showed other 

products with molecular masses of 1124, 2210 and 2308. However, the amount of these 

side-products was not significant and they could not be purified in reasonable yields. As 

well as in the case of [Sar1 ,p '-NH2-Bpa8]Angll preparation, the reaction conditions of the 

third reaction step, iodination of the diazotated peptide, were optimized after numerous 

trials. The variations were mostly in reaction temperature and reaction time. The N2 inert 

atmosphere also had an impact and the constant flow of N2 into a reaction vial during the 

second and the third reaction step, improved the overall yield of [Sar1 ,p '-I-Bpa8]Angll. 

Despite all the optimizations attempted in analytical synthesis, in which l mg of [Sar1 ,p ·-

NO2-Bpa]Angll was taken at the start, yields of pure [Sar1 ,p '-I-Bpa8]Angll, prepared 

from 10 mg of [Sar1 ,p '-NO2-Bpa]Angll at the start, never exceeded 5%. 

The radioactive analogue, [Sar1 ,p '-1251-Bpa8]Angll, was prepared by the 

Gattermann-Sandmeyer reaction with freshly prepared Cu as a catalyzer (BOSSE, 1993). 

The reaction conditions were essentially the same as described in the previous paragraph 

since those were determined to give the highest yield of non-radioactive [Sar1 ,p '-I-

Bpa8]Angll. One mg of [Sar1 ,p '-NO2-Bpa]Angll was used to start the reaction and 2 mCi 

of carrier-free Na125I were used per iodination. The Cu catalyst was resuspended in 

deionized water and then added to the mixture of diazo-intermediate and Na 1251. When 

the reaction was complete, l mg of Na2SO3 was added to eliminate free li. Cu was 

filtered out, the peptide mixture was pre-purified on a Sep-pak column to remove the 
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non-reacted Na125I and thereafter lyophilized in presence of NaCI. The crude, radioactive 

peptide was purified on HPLC by reverse-phase C1s chromatography. The major 

radioactive product was eluted from the C1s column at 38% of ACN/0.05% TFA. 

However the efficiency of the radioiodination was low, with a yield of 0.03 mCi in total. 

The elution profile of the radioiodinated product of the Gattermann-Sandmeyer reaction 

was similar to that obtained for non-radioactive [Sar1 ,p '-I-Bpa8]Angll indicating that the 

product may be [Sar1 ,p ·-125I-Bpa8]Angll. 

3.3.2 Photolabeling of the AT I receptor witb (Sar1 .JI '-1-Bpa8)Angll 

3.3.2.1 Ki determination 

Since the objective of this study was to verify the photoactive properties of the 

newly synthesized photoprobes by photolabeling Angll receptors, the new ligands had to 

show sufficient affinity for these receptors. The Kï value for the hAT1 receptor expressed 

in COS-7 cells was determined by dose-displacement binding study using 125l-

[Sar1 ,Ile8]Angll as a tracer. Figure 21 shows a typical binding curve (dark blue color) 

obtained for this ligand. Table VI reports the affinity of the ligand and shows a 

comparison with other tested analogues, and with [Sar1 ,Ile8]Angll as a control. The ICso 

value of [Sar1 ,p '-I-Bpa8] was 10 nM, which is about an order of a magnitude lower 

affinity than the one of [Sar1 ,Ile8]Angll and one and half an order of a magnitude lower 

than that of [Sar1 ,Bpa8]Angll as reported by LAPORTE et al. (1999). 
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Figure 21. Dose-dis placement binding curves of 125I-[Sar1 ,Ile8]Angll by different 

Angll analogues modified in position 8 on hAT1• COS-7 cells were transiently 

transfected with the hA T 1 receptor and harvested. The membranes were then 

incubated for 2 hrs in the RT in presence of 0.2 nM 125I-[Sar1,Ile8]Angll and 

increasing concentrations of non-radioactive: e[Sar1 ,p '-I-Bpa8]Angll, [Sar1 ,p-hpa-

Bpa8]Angll, e[Sar1 ,Phe4,p '-hpa-Bpa8]AngII, or 

e[Sar1 ,Ile8]AngII. These binding curves are typical representation of three separate 

experiments. 
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Table VI. Aflinity of Angll analogues, carrying a Bpa-like moiety in 

position 8, for the bAT I receptor 

peptide Kï(DM) 
bATa 

[Sar1 ,p '-NO2-Bpa8]Angll 1.9 ± 0,42 

[Sar1 ,p '-I-Bpa8]Angll 13.0±0.91 

[Sar1 ,p '-hpa-Bpa8]Angll 3.0 ± 0.40 

[Sar1 ,Phe4,p '-hpa-Bpa8]Angll 2.3 ± 0.20 

[Sar1 ,p '-NH2-Bpa8]Angll 12.2 ± 0.08 

[Sar1 ,Bpa8]Angll* 0.8 ± 0.20 

[Sar1 ,Ile8]Angll 0.7 ± 0.10 

K; : Affinity of Angl/ analogues for the AT1 receptor 

* Value reported by LAPORTE et al (1999) 

(p '-hpa -Bpa =p '-hydroxyphenylazo-benzoylphenylalanine) 

Kï(DM) 
bATa 

4.2 ± 0.25 

3.1 ± 0.37 
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3.3.2.2 Photolabeling of the bAT I receptor witb (Sar',p '-' 251-Bpa)Angll 

Assuming that the product obtained by the Gattermann-Sandmeyer reaction using 

Na125I in the last reaction step, was [Sar1 ,p ·-125I-Bpa8]Angll, the photoactive properties of 

p'-1-Bpa were verified by labeling of the bAT I receptor. Figure 22 shows autoradiogram 

of the results. No specific photolabeling the bAT1 receptor of bovine adrenocortical 

membranes could be observed with the radioactive product of the Gattermann-Sandmeyer 

reaction. As a control, the photolabeling of bAT1 with 125I-[Sar1 ,Bpa8]Angll revealed a 

diffused band of apparent MW ~ 60 kDa corresponding to the MW of bAT1 receptor. 

Approximately at the same position, there was a protein labeled with [Sar1 ,p ·-125I-

Bpa8]Angll. However, competition with receptor type-selective ligands indicated a non-

specific labeling of a protein with the same apparent molecular mass as bAT I present in 

the bovine-membrane preparation. In absence of UV-irradiation this band was not 

observed, suggesting that the bond-formation between this protein and [Sar1 ,p '- 125I-

Bpa8]Angll was UV-induced and its character was strong enough to resist the denaturing 

conditions of SDS-P AGE. 

3.3.2.3 Photolabeling of the bA TI receptor 

As mentioned above, the only data, which proposed that the radioactive product 

of the Gattermann-Sandmeyer reaction corresponded to [Sar1 ,p ·-125I-Bpa8]AngII, was its 

elution profile similar to that of [Sar1 ,p '-I-Bpa8]Angll. Since the nature of the photoprobe 

was not well demonstrated, the negative result of the previous experiment could not be 

taken as definitive. In order to better demonstrate the photoactive properties of p '-1-Bpa, 

the photolabeling was repeated with [Sar1 ,p '-I-Bpa8]Angll, which was well characterized 
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by HPLC and MS, and then radioiodinated on Tyr4 using lodo-Gen. The peptide, 125I-

[Sar1 ,p '-I-Bpa8]Angll, was thereafter purified by HPLC using the C, 8 column and had an 

elution peak at 42% of ACN/0.05% TF A. 

To verify whether the iodine incorporation into the para '-position of Bpa8 

influenced its photoactivity, the hA T 1 receptor was photolabeled with 125I-[Sar1 ,p '-1-

Bpa8]Angll. Receptor type-selective ligands were used as competitors of 125I-[Sar1 ,p '-1-

Bpa8]Angll to detennine the specificity of the photolabeling induced by this photoprobe. 

As a control, the hA TI receptor was also labeled with 125l-[Sar1 ,Bpa8]Angll. Figure 23 

represents an autoradiogram of a 7 .5% SDS-PAGE gel. The peptide having p '-1-Bpa in 

position 8 did not label any proteins from the COS-7 cell membrane preparation. The 

competitor ligands did not have any further efîect on labeling induced by this peptide. On 

the other hand, 1251-[Sar1 ,Bpa8]Angll showed a single large band with apparent MW ~ 

120 kDa. This migration pattern is typical for the hA T 1 receptor as previously reported by 

LAPORTE et al. (1996) and LANCTOT et al. (1999) and is due to different degree ofN-

glycosylation. 

3.4 p '-HPA-BPA: SYNTHESIS, CHARACTERIZA TION AND 

PHOTOLABELING OF THE AT I RECEPTOR 

3.4.1 Synthesis and characterization of p'-bpa-Bpa 

Due to a high instability of the diazo-compounds, the diazonium sait of Bpa 

fonned in the second reaction step during the synthesis of p '-1-Bpa, could not be well 

characterized and quantified. In order to verify whether this step of the synthesis was 
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giving high enough yields of the diazonium-intennediate, and that the used reaction 

conditions were optimal, an azo-coupling with phenol in basic conditions was perfonned. 

Furthermore, the product of this coupling reaction produced a Spa-analogue that could be 

radioiodinated directly using Iodo-gen. 

For analytical purposes, l mg of (Sar1 ,p '-NO2-Bpa8]Angll was used at the start. 

The preparations of amino- and diazo-compounds were done essentially as descrihed in 

the previous sections. For the azo-coupling, a l M solution of phenol in ice-cold 

bicarbonate buffer, pH 8.5, was used. As expected, the product of this reaction was 

yellow in color, which is typical for this kind of coupling. To remove the excess of 

phenol, the peptide was pre-purified by reverse-phase chromatography, using Sep-pak 

column, eluted by 50% of ACN/0.05% TF A and then lyophilized. Due to a change in pH 

during the purification ( from pH 8.5 to pH l ), the peptide solution had to be neutralized 

by 50% AcOH before being loaded onto the C18 column. The crude peptide was purified 

by HPLC and each peak was characterized by MALDI-TOF MS. The most abundant 

product was eluted from the C18 column at 37% of ACN/0.05% TFA, and had molecular 

mass, MW ~ 1212, corresponding to calculated molecular mass of [Sar\o '-hpa-

Bpa8]Angll. 

In order to prepare larger amounts of [Sar1 ,p '-hpa-Bpa8]Angll, 10 mg of [Sar1 ,p ·-

NO2-Bpa8]Angll were used. The reaction conditions were kept as described in the 

previous paragraph. The crude peptide was purified by liquid chromatography using a C1s 

column. The preparative synthesis gave the same HPLC elution profile as that of the 
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analytical synthesis. The most abundant product corresponded by its physico-chemical 

properties (MW and elution profile) to [Sar1 ,p '-hpa-Bpa8]Angll, with a reaction yield of 

about40%. 

3.4.2 lodination of p '-hpa-Bpa 

Incorporation of phenyl residue in the molecule of Bpa8 brought the possibility to 

iodinate [Sar1 ,p '-hpa-Bpa8]Angll directly on the phenolic ring of p '-hpa-Bpa8 using lodo-

gen. Since [Sar1 ,p '-hpa-Bpa8]Angll molecule also contains Tyr in position 4, easily prone 

to radioiodination, another Angll analogue having Tyr4 exchanged for Phe4, had to be 

prepared to eliminate such an eventuality. [Sar1 ,Phe4,p-NO2-Bpa8]Angll was synthesized 

by sol id phase peptide synthesis using the Fmoc/piperidine/fF A scheme. The peptide 

was purified by reverse-phase liquid chromatography and its purity was verified by 

HPLC and MS. The peptide was eluted from the C18 column at 30% of ACN/0.05% TF A. 

The obtained molecular mass, MW ~ 1120, corresponded well to the calculated 

molecular mass. Ten mg of this peptide were then used to prepare [Sar1 ,Phe4,p '-hpa-

Bpa8]Angll according to the protocol described for synthesis of [Sar1 .,p '-hpa-Bpa8]Angll. 

The peptide was purified by reverse-phase liquid chromatography and its purity was 

determined by HPLC and MS. The peptide was eluted from the C1s column at 37% of 

ACN/0.05% TF A and the molecular mass, MW ~ 1196, corresponded to the theoretical 

molecular mass calculated for [Sar1 ,Phe4,p '-hpa-Bpa8]Angll. 

Two different protocols were followed to radioiodinate p '-hpa-Bpa8 using lodo-

gen as an oxidizer. In the first trial, the standard protocol for Tyr-iodination in acidic 
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conditions was used. However, in the case of p '-hpa-Bpa8, no iodine incorporation was 

observed. In the next trial, in order to increase the reactivity of the phenolic residue, 0.1 

M borate buffer was used to set the pH of the iodination at 8.5, which should correspond 

to the pHoptimum of Iodo-gen (plfoptimum between 8-9) as reported by the manufacturer 

(Pierce). One mCi of Na125I was used per radioiodination. Using these conditions, 

sufficient incorporation of 1251 into the peptide molecule was observed with an efficiency 

of approximately 30%. The radioiodinated peptide was purified by reverse-phase HPLC 

and eluted from the C 18 column at 44% of ACN/0.05% TF A. 

3.4.3 Pbotolabeling of the AT I receptor with (Sar1 .p '-hpa-Bpa8)Angll 

3.4.3.1 Kï determinatioo 

The Ki values of [Sar1 ,p '-hpa-Bpa8]Angll and [Sar1 ,Phe4 ,p '-hpa-Bpa8]Angll for 

the hA TI receptor expressed in COS-7 ce Ils and for bA TI from the adrenocortical 

membranes were determined by dose-displacement binding study using 125I-

[Sar1 ,Ile8]Angll as a tracer. Figure 21 shows typical binding curves (yellow and green 

color, respectively) obtained for these ligands on hA T 1. Table VI reports the affinity of 

these ligands and shows a comparison with other tested analogues having [Sar1 ,Ile8]Angll 

as a control. The ICso values for bA TI and hA TI were about l O nM for both analogues, 

which is about an order of a magnitude lower than that of [Sar1 ,Ile8]Angll and one and 

half an order of a magnitude lower than that of [Sar1 ,Bpa8]Angll as reported by 

LAPORTE et al. (1999). 
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3.4.3.2 Photolabeling of bA T I and bAT 1 

In order to verify if p-hpa'-Bpa is photoactive, the Angll analogue carrying this 

amino acid in position 8, [Sar1 ,p '-hpa-Bpa8]Angll, was radioiodinated under acidic 

conditions on Tyr4 and used for photolabeling of the AT1 receptors. Due to an increased 

hydrophobicity of the peptide, non-specific binding of the radioactive ligand was 

determined prior to photolabeling experiments. Approximately 100 µg of membrane 

preparation were resuspended in binding buffer ( either bovh1e adrenal cortex or COS-

7 /hA T 1) and then incubated with 0.2 nM 125I-[Sar1 ,p '-hpa-Bpa8]Angll in the presence of 

10-6 M [Sar1 ,Ile8]AngII. After 2 hrs of incubation, the solution was filtered trough glass-

fiber filters, which were then counted on a gamma-counter. The radioactivity retained on 

the filter corresponded to non-specific binding of the ligand. As expected, the obtained 

value was high. Approximately 50% of the radioactivity added was not filtered out, 

indicating that 50% of 125I-[Sar1 ,p '-hpa-Bpa8]Angll was non-specifically bound to the 

membrane of either bovine adrenal cortex or COS-7 /hA T 1 cells. 

In order to assure a high enough concentration of 125l-[Sar1 ,p '-hpa-Bpa8]Angll for 

photolabeling of AT I receptors, the amount of the photoprobe (6 nM) was doubled. 

Figures 24 and 25 represent autoradiograms of AT 1 photolabeling using 125I-[Sar1 ,p '-hpa-

Bpa8]Angll atone, or in presence of receptor type-selective ligands as competitors. 125l-

[Sar1 ,Bpa8]Angll was used as a control to photolabel bAT 1 and hA T 1. As evident from 

figure 24, 125l-[Sar1 ,p '-hpa-Bpa8]Angll labeled proteins of apparent MW ~ 40 and 70 

kDa. This photolabeling was not influenced by competitor ligands, suggesting that these 

proteins are non-specific and not AT1. When no UV-irradiation was applied during the 
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experiment, the bands were absent, which indicates an UV-induced bond formation 

between the peptide and protein from the membrane preparation. 125I-[Sar1 ,Bpa8]Angll, 

on the other hand, labeled a protein with apparent MW ~ 70 kDa. This band was quite 

diffused and its migration pattern corresponded to that of bA T 1- Figure 25 represents an 

autoradiogram of results of hA TI Iabeling induced by 125I-[Sar1 ,p '-hpa-Bpa8]Angll. The 

results were essentially similar to those described for photolabeling of bAT I with 1251-

[Sar1 ,p '-hpa-Bpa8]Angll. The ligand did not specifically label hA TI since AT 1-specific 

ligands did not influence photolabeling. 125I-[Sar1 ,p '-hpa-Bpa8]Angll however Iabeled 

proteins with apparent MW ~ 40 and 70 kDa. Large amounts of free photoprobe were 

separated from the membrane preparation during the SOS-PAGE migration, as evident on 

the bottom of the autoradiogram. In the control Iabeling, the 1251-[Sar' ,Bpa8]Angll 

photolabeled a protein with apparent MW - 110 kDa. The migration profile as well as the 

molecular mass corresponds to that of hAT1 (LAPORTE et al., 1996; LANCTOT et al., 

1999). 

3.S p'-NH2-BPA: SYNTHESIS, CHARACTERIZATION AND 

PHOTOLABELING OF THE AT I RECEPTOR 

3.S.I Synthesis and characterization of p'-NH2-Bpa 

p '-NH2-Bpa was synthesized as described previously in section 3.3. l. Briefly, 

about 3 mg of [Sar1 ,Phe4,p '-NO2-Bpa8]Angll were used to prepare [Sar1 ,p '-NH2-

Bpa8]Angll by reducing the p '-NO2 group with zinc in 5% AcOH. The peptide was then 

purified by HPLC using the C18 column and characterized by MS. [Sar1 ,Phe4,p '-NH2-

Bpa8]Angll was eluted from the column at 25% of ACN/0.05% TF A. However, MS 
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Figure 25. Photolabeling of the hAT1 receptor transiently transfected in COS-7 

cells with 1251-[Sar1,p'-hpa-Bpa8]Angll. COS-7/hAT1 membranes (500 µg of 

proteins) were incubated with 125I-[Sar1 .p '-hpa-Bpa8]Angll (3 nM) for 90 min at RT 

alone or in presence of competitor ligands (1 µM Angll or 1 µM L-158,809 or 1 µM 

PD123 319). Membranes were then exposed to UV light for 1 hr and solubilized. 

Photolabeled, solubilized membranes were submitted to SDS-PAGE (using 7.5% 

separating gel; 10,000 cpm of photolabeled proteins were loaded per well). The gel 

was dried and processed to autoradiography. On the right, the apparent MWs of 

standard proteins ("broad range") are indicated. As a control, the COS-7 /hA T 1 

membranes were photolabeled with 125I-[Sar1 ,Bpa8]Angll, using exactly the same 

conditions. The graphie is a typical representation of results obtained in three different 

experiments. 
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showed that the purified peptide was a mixture of two compounds. One of them was 

[Sar1 ,Phe4,p-NH2-Bpa8]Angll as detennined by MS; calculated molecular mass, MW ~ 

1091, corresponded to that obtained by MS. The second product with MW ~ 1107, 

corresponded probably to hydroxylamine fonn of[Sar1 ,Bpa8]Angll. 

3.S.2 Photolabeling of hAT1 receptor withp'-NHz-Bpa 

3.S.2.1 determinatioo 

The Ki value for the hA TI receptor expressed in COS-7 cells was determined by 

dose-displacement binding study using 125l-[Sar1 ,Ile8]Angll as a tracer. Figure 21 shows a 

typical binding curve (light blue color) obtained for this ligand. Table V reports the 

affinity of the ligand and shows a comparison with other tested analogues, and with 

[Sar1 ,Ile8]Angll as a control. The IC50 value of [Sar1 ,Phe4,p '-NH2-Bpa8]Angll was 10 

nM, which is about an order of magnitude lower affmity than that of [Sar1 ,Ile8]Angll and 

one and half an order of a magnitude lower than the one of [Sar1 ,Bpa8]Angll as reported 

by LAPORTE et al. (1999). 

3.S.2.2 Photolabeling of hA T 1 

In order to use [Sar1,Phe4,p'-NH2-Bpa8]Angll to photolabel hAT1, a radioactive 

iodine had to be incorporated in the peptide molecule. Since the p '-NH2-group on an 

aromatic ring of Bpa bas electron-withdrawing properties, similar to that of p-OH-group 

of Tyr, the iodine incorporation into the molecule of p '-NH2-Bpa could be done directly 

using Iodo-gen. The protocol for iodination of [Sar1 ,Phe4,p '-NH2-Bpa8]Angll was 

essentially the same as that used for [Sar1 ,Bpa8]AngU radioiodination. One mCi ofNa125I 
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was used for this purpose. The radioiodinated peptide was then purified by reverse-phase 

HPLC, having an elution peak at 29% of ACN/0.05% TF A, with a radiolabeling 

efficiency of about 80%. 

To verify if the NH2-substituent on Bpa-moiety had an influence on its 

photoactivity, the hAT1 receptor was photolabeled with [Sar1 ,m '-125Lp '-NH2-Bpa8]Angll. 

To determine whether this photolabeling was specific, receptor type-selective ligands 

were used to compete with [Sar1 ,m ·-125Lp '-NH2-Bpa8]Angll for the AT 1-binding sites. 

Figure 26 represents an autoradio gram of the 7 .5% SDS-P AGE gel. The peptide having 

m '- 125Lp '-NH2-Bpa in position 8 labeled a protein with apparent MW ~ 110 kDa. 

Labeling was very weak but specific, since Angll analogues were able to displace this 

band. Only PD 123 319, an AT2 selective ligand, did not influence the band appearance, 

which indicated that this protein was probably the labeled hAT1 receptor. The migration 

pattern and molecular mass corresponded to that described for hAT1 by LAPORTE et al. 

(1996) and LANCTOT et al. (1999). Ho;,ever, [Sar1,m '-125Lp '-NH2-Bpa8]Angll labeled 

non-specifically another protein of apparent MW~ 70 kDa. The competition with other 

Angll analogues did not influence its labeling. As a control, 125I-[Sar1 ,Bpa8]Angll was 

used to photo label hA T 1- As expected, a protein with apparent MW ~ 110 kDa was 

labeled and had the migration pattern identical to that of the hAT1 receptor, as previously 

reported by LAPORTE et al. (1996) and LANCTOT et al. (1999). 
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3.6 PHOTOLABELING OF THE hAT2 RECEPTOR 

3.6.1 Kï determinatioo 

To further characterize Angll analogues containing Bpa-like amino acids in 

position 8, dose-displacement binding studies on the hAT2 receptor were carried out. 

COS-7 cells were transiently transfected with hA T 2 cDNA. 125I-[Sar1 ,Ile8]Angll was used 

as a tracer. Figure 27 shows typical binding curves obtained for these ligands. Table VII 

reports the affinity of these ligands in comparison with [Sar1 ,Ile8]Angll as a control. The 

Ki values were calculated by the Cheng-Prusoff equation. Affinities of [Sar1 ,p '-I-

Bpa8]Angll and of [Sar1 ,Phe4,p '-NH2-Bpa8]Angll for the hAT2 receptor were about the 

same. The Ki value was determined as 7 nM. The affinity of[Sar1 ,p '-hpa-Bpa8]Angll was 

40 nM. The Ki value of [Sar1 ,Ile8]Angll for the hA T 2 receptor was calculated as 1.3 nM 

and the Ki value of [Sar1 ,Bpa8]Angll 0.2 nM as reported by SERVANT et al. (1997). 

3.6.2 Pbotolabeling of bA T 2 

In order to photolabel the hAT2 receptor, [Sar1,p'-I-Bpa8]Angll, [Sar1,Phe4,p'-

NH2-Bpa8]Angll and [Sar1 ,p '-hpa-Bpa8]Angll were radioiodinated using lodo-gen as the 

oxidizer. Radioiodinated ligands, 125I-[Sar1 ,p '-I-Bpa8]Angll, [Sar1 ,Phe4,m ·-1251,p '-NH2-

Bpa8]Angll and 125I-[Sar1 ,p '-hpa-Bpa8]Angll were then used to photolabel the COS-

7 /hA T 2 membranes in presence or absence of competing ligands to determine the 

specificity of their photolabeling. 125l-[Sar1 ,Bpa8]Angll was used as a control for hA T 2 

photolabeling. Figure 28 represents an autoradiogram of the results. Ali radioligands 

labeled a protein with apparent MW~ 120 kDa. The labeling was suppressed by Angll 
ô 

(and PD 123 319, an AT 2 selective ligand, in case of 125I-[Sar1 ,p '-hpa-Bpa8]Angll 
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Figure 27. Dose-displacement binding curves of 1251-[Sar1,Ile8]Angll by different 

Angll analogues modi:fied in position 8 on hAT2• COS-7 cells were transiently 

transfected with the hA T 2 receptor and harvested. The membranes were then 

incubated for 2 hrs in the RT in presence of 0.2 nM 125I-[Sar1,Ile8]AngII and 

increasing concentrations of non-radioactive: e[Sar1,p '-I-Bpa8]AngII, [Sar1,p '-hpa-

Bpa8]AngII, e [Sar1,p '-NH2-Bpa8]AngII or e [Sar1,Ile8]AngII. These binding curves 

are typical representation of three separate experiments. 
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Table VII. Affinity of Angll analogues, carrying a Bpa-like moiety in 

position 8, for the hAT 2 receptor 

peptide 

[Sar1 ,p '-N02-Bpa8]Angll 

[Sar1,p '-I-Bpa8]Angll 

[Sar1 ,p '-hpa-Bpa8]Angll 

[Sar1 ,p '-NH2-Bpa8]Angll 

[Sar1 ,Bpa8]Angll* 

[Sar1 ,Ile8]Angll 

K; : Affinity of Ang/1 analogues for the hA Ti receptor 

• Value reported by SERVANT et al (1997) 

2.0 ± 0.21 

7.0 ± 0.54 

40.0±0.43 

7.2 ±0.32 

0.37 ± 0.21 

1.7 ± 0.27 
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Figure 28. Photolabeling of the hAT2 receptor transiently transfected in COS-7 

cells by diff erent Angll analogues carrying Bpa-like moiety in position 8. COS-

7 /hAT 2 membranes (500 µg of proteins) were incubated with either 125l-[Sar1 ,p '-hpa-

Bpa8]Angll, or 125I-[Sar1 ,p '-I-Bpa8]Angll or [Sar1 ,p '-Phe4, 125I,NH2-Bpa8]Angll (3 

nM) for 90 min at RT alone or in presence of competitor ligands (1 µM Angll or 1 

µM PD 123 319). Membranes were then exposed to UV light for 1 hr and solubilized. 

Photolabeled, solubilized membranes were submitted to SOS-PAGE (using 7.5% 

separating gel; 10,000 cpm of photolabeled proteins were loaded per well). The gel 

was dried and processed to autoradiography. On the right, the apparent MWs of 

standard proteins ("broad range") are indicated. As a control, COS-7 /hA T 1 

membranes were photolabeled with 125I-[Sar1 ,Bpa8]Angll, using exactly the same 

conditions. The graphie is a typical representation of results obtained in three different 

experiments. 
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labeling). The protein had the same migration pattern as the protein labeled by 125I-

[Sar1 ,Bpa8]Angll. The diffused appearance of the band and the MW corresponded well to 

the migration pattern of hA T 2 as described by SERVANT et al. (1997). However, another 

non-specific band of MW ~ 75 k.Da was labeled with [Sar1,Phe4,m '-125I,p'-NH2-

Bpa8]Angll and 125I-[Sar1,p '-hpa-Bpa8]Angll. Angll and PD 123 319 had no influence on 

its labeling. Interestingly, photolabeling of hA T 2 with 125I-[Sar1 ,p '-I-Bpa8]Angll was 

more efficient than the photolabeling induced by the two other ligands with a Bpa-

analogue incorporated in position 8 of Angll. Furthermore, no non-specific protein 

labeling occurred when 1251-[Sar1 ,p '-I-Bpa8]Angll was used to probe the hA T 2 receptor. 

3.7 COMPARATIVE PHOTOLABELING OF hAT1 and hAT2 

3.7.1 Pbotolabeling of hAT1 and hAT2 with [Sar\p'-I-Bpa8)Angll 

In order to verify whether no photolabeling of the hA T I receptor and positive 

photolabeling of the hA T 2 receptor with [Sar1 ,p '-I-Bpa8]Angll were due to a different 

level of expression of the receptors or due to a difference in experimantal manipulation, 

COS-7 cells were transfected with the hA T I cDNA and with the hA T 2 cDNA in parallel 

and harvested at the same time. The expression of the receptors was determined by the 

saturation binding studies with 125I-[Sar1 ,Ile8]Angll as a tracer. [Sar1 ,p '-I-Bpa8]Angll was 

radioiodinated on Tyr4 using lodo-gen as an oxidizer. Affinities of [Sar1 ,p '-I-Bpa8]Angll 

for hA TI and hA T 2 receptors were determined by dose-displacement binding studies and 

as observed in figure 29, the IC5o values were approximately the same for both receptors 

(13 nM for hAT1, 8 nM for hAT2). Exactly the same amount of AT1 and AT2 binding 

sites ( l pmol) was exposed to 3 nM of 125I-[Sar1 ,p '-I-Bpa8]Angll or 1251-
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Figure 29. Dose-displacement binding curves of 125I-[Sar1,Ile8]Angll with [Sar\p'-

I-Bpa8]Angll or [Sar1,p'-N02-Bpa8]Angll on hAT1 (A) or hAT2 (B). COS-7 cells 

were transiently transfected with the hA T 1 or the hA T 2 receptor and harvested. The 

membranes were then incubated for 2 hrs at RT in presence of 0.2 nM 1251-

[Sar1,Ile8]Angll and increasing concentrations of non-radioactive: e[Sar1,p '-I-

Bpa8]Angll, [Sar1 ,p '-N02-Bpa8]Angll or e[Sar1 ,Ile8]Angll. These binding curves 

are typical representation of three separate experiments. 
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[Sar1 ,Bpa8]Angll, which was used as a control in the labeling experiment. To detennine 

the specificity of photolabeling with 125I-[Sar1 ,p '-I-Bpa8]Angll, receptor type-selective 

ligands were used as competitors. Figure 30-A shows an autoradiogram of hAT1 

photolabeling. As previously observed, 125l-[Sar1 ,p '-I-Bpa8]Angll did not label · any 

protein and the presence of competitor ligands had no influence on this result. However, 

125I-[Sar1 ,Bpa8]Angll labeled a protein of apparent MW~ 120 kDa and according to its 

migration pattern and the competitor experiment, this protein corresponded to hA T 1 

(LAPORTE et al.., 1996; LANCTOT et al., 1999). 

Figure 30-8 represents an autoradiogram of the results ofhAT2 labeling with 125I-

[Sar1 ,p-I-Bpa8]Angll. As previously seen in section 3.6.2, 125I-[Sar1 ,p '-I-Bpa8]Angll 

labeled a protein of apparent molecular mass ~ 130 kDa. This photolabeling was 

influenced by competitor ligands. Angll, [Sar1 ,Ile8]Angll and PD123 319 competed for 

the same binding site as 1251-[Sar1 ,p-I-Bpa8]Angll since no labeling was observed in their 

presence in the labeling mixture. The AT 1 selective ligand had no effect on the labeling. 

The control labeling with 1251-[Sar1 ,Bpa8]Angll also targeted a single protein of apparent 

MW~ 130 kDa. According to the migration pattern, the MW of the band (SERVANT et 

al., 1997), as well as the influence of the photolabeling by selective competitors, the 

protein photolabeled with 1251-[Sar1 ,p '-I-Bpa8]Angll and 125I-[Sar1 ,Bpa8]Angll was 

identified as the hA T 2 receptor. 
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Figure 30. Comparative photolabeling of the hAT1 (A) and hAT2 (B) receptors 

transiently transfected in COS-7 cells with 125l-[Sar1,p'-1-Bpa8)Angll. The COS-

7/hAT1 membranes or the COS-7/hAT2 membranes (l pmol of binding sites) were 

incubated with 1251-[Sar' ,p '-I-Bpa8]Angll (3 nM) for 90 min at RT atone or in 

presence of competitor ligands ( 1 µM Angll or 1 µM[Sar1 ,Ile8]Angll or 1 µM L-

I 58,809 or 1 µM PD 123 319). Membranes were than exposed to UV light for 1 br and 

solubilized. Photolabeled, solubilized membranes were submitted to SDS-P AGE 

(using 7.5% separating gel; 30 µlof photolabeled proteins were loaded per well). The 
' 

gel was dried and processed to autoradiography. On the right, the apparent MW of 

standards ("broad range") are indicated. As a control of photolabeling, the COS-

7 /hA TI membranes were photolabeled with 1251-[Sar' ,Bpa8]Angll, using exactly the 

same conditions. The graphie is a typical representation of results obtained in three 

different experiments. 
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3.7.2 Photolabeling of hAT1 and hAT2 with [Sar1,p'-NOz-Bpa8)Angll 

Previous data showed an interesting difference in the ability of the two classes of 

AngII receptors to be labeled by Bpa-like photoprobes. To further investigate the 

influence of different substituents on the Bpa-moiety conceming its photoactive 

properties and the capacity to form a covalent link between the ligand and its receptor, 

[Sar1 ,p '-NO2-Bpa]Angll was used to probe the Angll receptors. COS-7 cells were 

transfected with hA T I and hA T 2 cDNAs in one experiment and harvested exactly at the 

same time. The expression level of each receptor was determined by saturation binding 

studies using 125I-[Sar1 ,Ile8]Angll as a tracer. Figure 29 shows a typical dose-

displacement binding curve of 1251-[Sar1 ,Ile8]Angll with [Sar1 ,p '-NO2-Bpa]Angll on 

hA T I and hA T 2 receptors. The ICso values of these ligands for each receptor were 

approximately the same ( ~ 2 nM for hA TI and ~ 1.3 nM for hA T 2). Exactly the same 

amount of AT1 and AT2 binding sites (1 pmol) was exposed to 3 nM of 125l-[Sar1,p '-NO2-

Bpa8]Angll or 125I-[Sar1 ,Bpa8]Angll, which was used as a control in the labeling 

experiment. To determine the specificity of the photolabeling with 125I-[Sar1 ,p '-NO2-

Bpa8]Angll, the receptor type-selective ligands were used as competitors. Figure 31-A 

shows an autoradiogram of hA T I -photolabeling. 125I-[Sar1 ,p '-NO2-Bpa8]Angll labeled 

very weakly a protein of apparent MW~ 110 kDa. The labeling was influenced by the 

receptor selective ligands: Angll, [Sar1 ,Ile8]Angll and L-158,809 abolished protein 

labeling with 125I-[Sar1 ,p '-NO2-Bpa8]Angll. On the other band, PD 123 319 had no effect 

on the labeling. 1251-[Sar1 ,Bpa8]Angll also labeled a protein of apparent MW ~ 110 kDa 

and according to its migration pattern and observed MW, this protein corresponded to 

hAT1 (LAPORTE etal., 1996; LANCTOT eta/., 1999). 
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Figure 31-B represents an autoradiogram of hA T 2 labeling with 1251-[Sar1 ,p '-NO2-

Bpa8]Angll. 125I-[Sar1 ,p '-NO2-Bpa8]Angll labeled a protein of apparent molecular mass 

~ 130 kDa. The photolabeling was influenced by competitor ligands. Angll, 

[Sar1 ,lle8]Angll and PD 123 319 competed for the same binding site as 125l-[Sar1 ,p '-NO2-

Bpa8]Angll since no labeling was observed upon their presence in the labeling mixture. 

L-158,809 had no effect on the labeling. Control labeling with 125I-[Sar1 ,Bpa8]Angll also 

targeted a single pr.Jtein of apparent MW~ 130 kDa. According to the migration pattern, 

the MW of the band (SERY ANT et al., 1997), as well as the influence of the 

photolabeling by selective competitors, the protein photolabeled with 125l-[Sar1 ,p '-NO2-

Bpa8]Angll and 125l-[Sar1 ,Bpa8]Angll was identified as the hAT2 receptor. 

3. 7.3 Determination of the contact point between p '-1-Bpa8 and p '-N02-Bpa8 

introduced in Angll, and the hA T 2 receptor 

The fragmentation pattern of the hA T 2 receptor photolabeled with 

[Sar1 ,Bpa8]Angll has been reported (SERY ANT et al., 1997). The smallest fragment, 

which circumscribes the interaction point between the AT 2 receptor and Bpa in position 8 

of Angll, was obtained by CNBr digestion. In order to verify whether p '-1-Bpa and p ·-

NO2-Bpa introduced in position 8 of Angll label the same region as Angll analogue 

having Bpa in position 8, hA T 2 photolabeled with either 125I-[Sar1 ,p '-I-Bpa8]Angll, 125I-

[Sar1 ,p '-NO2-Bpa8]Angll or 1251-[Sar1 ,Bpa8]Angll, was purified and submitted to CNBr 

digestion. Figure 32 shows the results of this experiment. The pattern of the digestion of 

AT 2 photolabeled by three different photoprobes was identical, producing two radioactive 

bands. One band of apparent MW ~ 6.5 kDa and second band of apparent MW ~ 4 k.Da. 
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Figure 31. Comparative photolabeling of the hA T 1 (A) and hAT 2 (B) receptors 

transiently transfected in COS-7 cells with 125l-[Sar1,'-N02-Bpa8)Angll. The 

COS-7/hAT1 membranes or the COS-7/hAT2 membranes (1 pmol of binding sites) 

were incubated with 125l-[Sar1 ,p '-I-Bpa8]Angll (3 nM) for 90 min at RT alone or in 

presence of competitor ligands (1 µM Angll or 1 µM[Sar1 ,Ile8]Angll or 1 µM L-

158,809 or 1µMPD123319). Membranes were than exposed to UV light for 1 hr and 

solubilized. Photolabeled, solubilized membranes were submitted to SDS-P AGE 

(using 7.5% separating gel; 30 µI of photolabeled proteins were loaded per well). The 
' 

gel was dried and processed to autoradiography. On the right, the apparent MW of 

standards ("broad range") are indicated. As a control of photolabeling, the COS-

7 /hA T 1 membranes were photolabeled with 1251-[Sar1,Bpa8]Angll, using exactly the 

same conditions. The graphie is a typical representation of results obtained in three 

diff erent experiments. 
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Free radioligand (1 25l-(Sar1 ,Bpa8]AngID was loaded on the gel as a control; its apparent 

MW was determined as ~ 4.2 kDa. SERVANT et al. (1997) identified by a combination 

of enzymatic and chemical digestions the fragment of AT 2 implicated in contact with 

Bpa8 of 125[-(Sar1 ,Bpa8]Angll, as fragment of the 3rd TMD (Met128-Met138). p '-1-Bpa and 

p '-N02-Bpa introduced in position 8 of Angll probably label the same region of AT 2, 

since the CNBr digestion pattern of AT 2 photolabeled by these photoprobes is identical to 

that obtained when AT 2 was photolabeled with 125I-[Sar1 ,Bpa8]Angll. 

3. 7.4 Pbotolabeling of mutated hAT I receptors with 1251-[Sar1 .p '-NO2-Bpa8)Angll 

PERODIN (2000) found that Bpa8 of 125l-[Sar1 ,Bpa8]Angll formed a covalent 

bond with Phe293 and Asn294 in the 7th TMD of the hAT1 receptor. One of the approaches 

that she used to prove this observation was based on the observation reported by KAGE 

et al. ( 1996). They showed that once a ligand-receptor complex, photolabeled by Bpa on 

a methionine (Met) residue in the binding pocket of the receptor, is submitted to CNBr 

digestion, the thiomethylether group of the photolabeled Met is cleaved. This leads to 

release of ligand, which is now modified on the Bpa residue (figure 33). Using this 

information, PERODIN (2000) used mutated hAT1 receptors, F293M-hAT1 and N294M-

hA TI and photolabeled them with 1251-[Sar1 ,Bpa8]Angll. After purification they were 

submitted to CNBr digestion leading to ligand release. She also noticed that the 

photolabeling ofF293M-hAT1 with 1251-[Sar1,Bpa8]Angll was more efficient than the one 

of the wild-type receptor, suggesting an increased selectivity ofBpa for Met-labeling. 
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Figure 33. Proposed reaction scheme for the photoattachment of iodinated BH-

Bpa8-SP to methionine 181 of the NK-1 receptor and the release of the 

thiocyanate product upon cyanogen bromide treatment. Taken /rom KAGE et al 

(1996). 
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ln order to specify whether the difference in photolabeling of AT1-WT and AT2-

WT receptors with 1251-(Sar1 ,p '-NO2-Bpa8]Angll is due to different amino acid 

composition at the site of attachment, Met-mutants (PERODIN, 2000) of the hAT1 

receptor were photolabeled with 1251-[Sar1 ,p '-NO2-Bpa8]Angll. The mutations were 

introduced in the th TMD producing the following mutated hAT1 receptors: A291M, 

F293M, N294M, N295M and C296M (figure 34). Affinity of [Sar1 ,p '-NO2-Bpa8]Angll 

for the mutated receptors was detennined by dose-displacement binding studies using 

125I-[Sar1 ,lle8]Angll as a tracer (figure 35). The ICso values for [Sar1 ,Ile8]Angll and 

[Sar1 ,p '-NO2-Bpa8]AngII are surnmarized in table vm. Ali mutants had approximately 

the same affinity for [Sar1 ,p '-NO2-Bpa8]AngII with IC50 ~ 3 nM. Transfection of COS-7 

cells was done in one experiment and cells were harvested at exactly same time. 

Expression levels were determined prior to photolabeling by saturation-binding studies 

with 125I-[Sar1 ,lle8]AngII as a tracer. Same number of different mutated AT I receptors (1 

pmol) was photolabeled with 3 nM 1251-[Sar1 ,p '-NO2-Bpa8]Angll in presence or absence 

of receptor-selective ligands to determine the specificity of the obtained photolabeling. 

125l-[Sar1 ,Bpa8]Angll labeling of the mutated AT I receptors, as well as 125I-[Sar1 ,p '-NO2-

Bpa8]Angll labeling of AT1-WT and AT2-WT receptors served as controls. Figure 36-A 

to 36-E shows the results of this experiment. Figure 36-A represents the photolabeling of 

COS-7 cells transfected with A291M-AT1 cDNA. 1251-[Sar1,p'-NO2-Bpa8]Angll labeled a 

protein of apparent MW ~ 120 kDa. This photolabeling was influenced by competitor 

ligands: Angll, (Sar1,Ile8]Angll and L-158,809 displaced the 125I-[Sar1 ,p '-NO2-

Bpa8]Angll labeling but not PD123 319. Control labeling of the mutated receptor with 

125I-[Sar1 ,Bpa8]Angll produced also a protein of apparent MW~ 120 kDa. The same MW 



124 

Figure 34. Schematic representation of Met-mutants of the hA T 1 receptor used in 

photolabeling studies with 125I-[Sar111'-N02-Bpa8]Angll. The mutations were 

introduced in the 7th TMD, close to or within the contact points between Bpa8 of 

[Sar1 ,Bpa8]AngII and the hA T 1 receptor, as identified by PERODIN et al. (2000). 

Color code: • A291M-hAT1, • F293M-hAT1, • N294M-hAT1, N295M-hAT1 and 

• C296M-hAT1 
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Figure 35. Dose-displacement binding curves of 125I-[Sar1,Ile8]Angll by 

[Sar1,Ile8]Angll (A) or [Sar1,p'-NO2-Bpa8]Angll (B) on Met-mutants of hAT1• 

COS-7 cells were transiently transfected with hAT1-WT, • A291M-hAT1, • 

F293M-AT1, • N294M-hAT1, • N295M-hAT1 and • C296M-hAT1, harvested and 

then incubated for 2 hrs at RT in presence of 0.2 nM 125I-[Sar1 ,Ile8]AngII and 

increasing concentrations of non-radioactive [Sar1 ,Ile8]AngII (A) or [Sar1 ,p '-NOz-

Bpa8]AngII (B). These binding curves are typical representation of three separate 

experiments. 
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Table VIII.Maximal binding capacity of the hAT I receptor and its 

mutants for 125I-[Sar1 ,Ile8)Angll and the respective IC50 

values of [Sar1 ,lle8)Angll (*) and [Sar1 ,p-NO2-Bpa8)Angll (#) 

for 

receptor Bm11 (pmol/mg) ICso (nM)* ICso (nMt 

WT 1.1 2.2±0.3 

A291M 0.8 2.3 ±0.2 

F293M 0.4 2.2±0.2 

N294M 0.2 3.0±0.2 

N295M 0.8 1.8 ± 0.1 

C296M 0.3 2.7±0.3 

Bmax: Maximal binding capacity of the receplor 

/Cso*: /Cso of [Sar1.Ile8]Angll 

IC sl· IC so of [Sar', p-NOrBpa8 }Angll 

2.8 ±0.4 

3.3 ± 0.6 

1.3 ± 0.5 

4.2 ±0.2 

3.3 ± 0.3 

3.7±0.2 
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was obtained when hAT1-WT was labeled with 125I-[Sar1 ,p '-NO2-Bpa8]Angll, however 

this labeling was not very efficient. According to the migration pattern and the MW 

observed, this protein corresponded to hAT1 receptor (LAPORTE et al., 1999). When 

COS-7 /hA T 2 membranes were labeled with 125I-[Sar1 ,p '-NOi-Bpa8]Angll, the resulting 

protein had an apparent MW~ 140 kDa corresponding to photolabeled hAT2 (SERY ANT 

et al., 1997). Similar results were obtained when COS-7/N294M-hAT1 (figure 36-C), 

COS-7/N285M-hAT1 (figure 36-D) and COS-7/C296M-hAT1 (figure 36-E) membranes 

were labeled with 125I-[Sar1,p'-NOi-Bpa8]Angll. On the other band, no labeling ofCOS-

7/F293M-hAT1 membranes with 125I-[Sar1,p '-NO2-Bpa8]Angll was observed and the 

presence of competitor ligands did not influence this result (figure 36-8). The control 

photolabeling of COS-7 /F293M-hA T 1 membranes with 125I-[Sar1 ,Bpa8]Angll resulted, 

however, in a protein labeling of apparent MW~ 120 kDa, corresponding to hAT1 as 

reported by LAPORTE et al. (1999). 

3.7.4.1 Identification of the site of attachment of 125I-[Sar\p'-NOi-Bpa1)Angll and 

the Met-mutants of the hAT I receptor 

PERODIN (2000) showed that CNBr-digestion of Met-mutants of the hAT1 

receptor photolabeled with 125I-[Sar1 ,Bpa8]Angll leads to ligand release. Ail mutants 

used: A291M, F293M, N294M, N295M and C296M (figure 34), except A291M-hAT1, 

once photolabeled with 125I-[Sar1 ,Bpa8]Angll and submitted to CNBr digestion, had a 

fragmentation pattern different from that described for photolabeled hAT1-WT. Digestion 

of mutated photolabeled receptors gave raise to a new band migrating at the same level as 

125I-[Sar1 ,Bpa8]Angll atone, indicating release of methylisothiocyanate modified 1251-
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Figure 36. Photolabeling of Met-mutants of the hAT I receptor transiently 

transfected in COS-7 cells witb 1251-(Sar1,J1'-N02-Bpa8)Angll. The membranes of 

COS-7 transiently transfected with different Met-mutants of hAT1 (1 pmol of binding 

sites) were incubated with 125l-[Sar1 ,p '-N02-Bpa8]Angll (3 nM) for 90 min at RT 

atone (lane 1) or in presence of competitor ligands (1 µM Angll (lane 2) or 1 µM 

[Sar1,Ile8]Angll (lane 3) or 1 µM L-158,809 (lane 4) or 1 µM PD123 319 (lane 5)). 

Membranes were than exposed to UV light for 1 hr and solubilized. Photolabeled, 

solubilized receptor material was submitted to SOS-PAGE (using 7.5% separating gel; 

30 µl of photolabeled proteins were loaded per well). The gels were dried and 
1 

processed to autoradiography. The apparent MWs of standard proteins ("broad 

range") are indicated between the pannels. As control the COS-7 /hA T 1-mutant 

membranes were photolabeled with 125I-[Sar1 ,Bpa8]Angll (lane 6), using exactly the 

same conditions. Another additional control was labeling with 125I-[Sar1 ,p '-N02-

Bpa8]Angll of the hA T 2-WT ( lane 7) or the hA T 1-WT (lane 8) receptors under the 

same conditions. The graphie is a typical representation of results obtained in three 

different experiments. 
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[Sar1 ,Bpa8]Angll. These results suggested that the mutation of an amino acid from a 

proposed site of attachment for Met, can help to identify amino acids implicated in the 

ligand binding. Furthermore, it was suggested (KAGE et al., 1996) that Bpa had an 

increased selectivity to forming a covalent bond with Met residue, once exposed to UV 

light. 

In order to verify the CNBr digestion pattern of Met-mutants of the hA T 1 receptor 

photolabeled with 125I-[Sar1,p'-N02-Bpa8]AngII, the mutants A291M-hAT1, N294M-

hAT1, N295M-hAT1, and C296M-hAT1 were photolabeled, partially purified and 

chemically digested with CNBr. The hA T 1-WT receptor was photolabeled with 125I-

[Sar1 ,Bpa8]AngII and served as a control for ail the manipulations. Figure 37 shows the 

results of the digestion. The CNBr digestion pattern of the hA T 1-WT receptor 

photolabeled with 125I-[Sar1 ,Bpa8]AngII corresponds to that described by PERODIN 

(2000) and LAPORTE et al. (1999). The apparent MW of~ 7.5 kDa corresponded to the 

fragment Pro285 ~ Met334 and represented a portion of the 7th TMD and part of the 

cytoplasmic tait. On the other band, the CNBr digestion of the Met-mutants of hA T 1 

resulted in formation of a new fragment with apparent MW~ 3.4 kDa. This fragment 

should correspond to a smaller portion of the 7th TMD (Pro285 ~ Met291 , Met294, Met295 or 

Met296
) and/or to ligand release from the Met-mutated receptor. 

3. 7.5 Photolabeling of mutated hAT 2 receptors with 125I-(Sar1 JI '-NO2-Bpa8)Angll 

The results described in the previous section suggested that p '-N02-Bpa upon UV 

light fonns a covalent bond selectively with a molecule of Met present in proximity. It 
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has been shown by SERY ANT et al. (1997) that Bpa8 of 125l-[Sar1, Bpa8]Angll labeled a 

region of hAT2 in the 3rd TMD circumscribed by two Met, Met128-Met138. To further 

prove that differences in labeling of hAT1-WT and hAT2-WT with 1251-[Sar1,1,-NO2-

Bpa8]Angll, are due to a direct labeling of either Met128 or Met138 in the binding pocket 

of hA T 2, two sets of mutants of hA T 2 were constructed. In the first set, each Met was 

mutated for Leu giving two single and one double mutants: Ml28L-hAT2, M138L-hAT2 

and Ml28,138L-hAT2• In the ~econd set, Met was mutated for Ala to obtain M128A-

hAT2, Ml38A-hAT2 and Ml28,138A-hAT2. Mutant cDNAs of each set were transfected 

into COS-7 cells in one experiment and transfected cells were harvested at exactly the 

same time. Expression levels of these receptors were determined by saturation binding 

studies using 125I-[Sar1 ,Ile8]AngII as a tracer. The affinity of these mutants for [Sar1 ,p ·-

NO2-Bpa8]Angll and [Sar1 ,Ile8]AngII was determined by dose-displacement binding 

studies with 1251-[Sar1 ,Ile8]Angll as a tracer as shown in figures 38 and 39. The ICso 

values for [Sar1 ,Ile8]AngII and [Sar1 ,p '-NO2-Bpa8]Angll are summarized in table IX. Ail 

mutated receptors had an affinity for both analogues, comparable to that of hAT1-WT. 

The IC50 values for [Sar1 ,Ile8]Angll was approximately 0.3 nM and 3 nM for [Sar1 ,p ·-

NO2-Bpa8]Angll. 

3.5. 7.1 Photolabeling of the Leu-mutants of hAT 2 with •~-(Sar1 .JI '-N02-Bpa8)Angll 

Figure 40-A to C represents an autoradiogram of results obtained when 125I-

[Sar1 ,p '-NO2-Bpa8]Angll was used to photolabel Ml28L-hAT2 (figure 40-A), M138L-

hAT2 (figure 40-8) or Ml28,138L-hAT2 {figure 40-C). Receptor type-selective ligands 

were used to detennine the specificity and selectively of the labeling. Control labeling 
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Figure 38. Dose-displacement binding curves of 125I-[Sar1,Ile8]Angll by 

[Sar1,Ile8]Angll (A) or [Sar1,p'-NO2-Bpa8]Angll (B) on Leu-mutants of hAT2• 

COS-7 cells were transiently transfected with • hAT2-WT, • M128L-hAT2, 

Ml38L-AT2 and • M128,138L-hAT2, harvested and then incubated for 2 hrs at RT in 

presence of 0.2 nM 125l-[Sar1,Ile8]AngII and increasing concentrations of non-

radioactive [Sar1 ,Ile8]AngII (A) or [Sar1 ,p '-N02-Bpa8]AngII (B). These binding 

curves are typical representatives of 3 identical experiments. 



135 

A 

75 

50 

25 

0 -1-.,__,_..J..U.U...._..-L.J..Ju.w+---L....L..U..1.LUj-_._.-.L..U.J~~::::!:ffl~ -~ 

1.E-12 1.E-11 1.E-10 1.E-09 1.E-08 1 .E-07 1.E-06 

AngII analogue ([M]) 

B 

75 

50 

25 

0 -l-.l.-L...l..t..UJJ.~....L..U..UJ.11--l.....L..U.1.I.IJ+-.....L...L..U.U.IJ.l--~::wiil~~ ~ 

1.E-12 1.E-11 1.E-1 0 1.E-09 1.E-08 1.E-07 1.E-06 

AngII analogue ([M]) 



136 

Figure 39. Dose-displacement binding curves of 125I-[Sar1,Ile8]Angll by 

[Sar1,Ile8]Angll (A) or [Sar1,p'-N02-Bpa8]Angll (B) on Ala-mutants of hAT2• 

COS-7 cells were transiently transfected with • hAT2-WT, • M128A-hAT2, • 

Ml38A-AT2 and • M128,138A-hAT2, harvested and then incubated for 2 hrs at RT in 

presence of 0.2 nM 1251-[Sar1,Ile8]Angll and increasing concentrations of non-

radioactive [Sar1 ,Ile8]Angll (A) or [Sar1 ,P '-N02-Bpa8]Angll (B). These binding 

curves are typical representatives of 3 identical experiments 
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Table IX. Maximal binding capacity for 1251-(Sar1 ,Ile8)Angll and the 

ICso values of (Sar1 ,Ile8)Angll (*) and [Sar1 JJ-NO2-

Bpa8)Angll (#) for the hA T 2 receptor and its mutants 

receptor Bmu (pmol/mg) ICso (nM)* ICso (nMt 

WT 5.2 0.21 ± 0.02 

Ml28L 3.8 0.30 ± 0.03 

Ml28A 3.0 0.11 ± 0.01 

Ml38L 6.9 0.32 ± 0.02 

Ml38A 6.5 0.25 ± 0.02 

Ml28,138L 5.2 0.13 ± 0.02 

Ml28,138A 1.8 0.3 ± 0.03 

Bmax: Maximal binding capacity of the receptor 

/C50*: /C50 of [Sar1,lle8]Ang/J 

/C5/: /Csn of {Sar1,p-N02-Bpa8]Ang/J 

2.3 ± 0.1 

1.1 ± 0.2 

1.2 ± 0.1 

1.2 ± 0.2 

1.1 ± 0.1 

1.2 ± 0.1 

1.1 ± 0.2 
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experiments using 125I-[Sar1 ,Bpa8]Angll to label the mutants of hAT2 and 125I-[Sar1,p ·-

NO2-Bpa8)Angll to label hAT2-WT were done in parallel. Exactly the same number of 

binding sites of each receptor was labeled with 3 nM ofradioiodinated photoprobe. 

As observed in figure 40-A and 8, 125l-[Sar1 ,p '-NO2-Bpa8]Angll labeled a protein 

with apparent MW~ 140 k:Da expressed in membranes ofCOS-7/Ml28L-hAT2 cells and 

COS-7/Ml38L-hAT2 cells (lane 1). This photolabeling was influenced by the Angll 

receptor selective ligands, since addition of PD 123 319 (lane 3) abolished protein 

labeling but L-158,809 did not (lane 2). 125I-[Sar1 ,Bpa8]Angll labeled a protein of the 

same apparent MW expressed by these cells (lane 4). However, the efficacy of this 

labeling was higher compared to that induced by 1251-[Sar' ,p '-NO2-Bpa8]Angll. 

Similarly, control photolabeling of hA T 2-WT with 125I-[Sar1 ,p '-NO2-Bpa8)Angll (lane 5) 

and with 125I-[Sar1 ,Bpa8]Angll (lane 6) also led to a labeling of a protein with apparent 

MW ~ 140 k:Da. According to the migration pattern and MW observed, this band well 

corresponds to hA T 2 (SERVANT et al., 1997). 

Figure 40-C shows an autoradiogram of the results obtained when membranes of 

COS-7 cells ex pressing M 128, 138L-hA T 2 were photolabeled with 125I-[Sar1 ,p · -NO2-

Bpa8]Angll. This experiment resulted in a labeling of a protein with an apparent MW ~ 

140 kDa (lane 1) and it was influenced by Angll receptor selective ligands: PD 123 319 

abolished protein labeling (lane 3) in contrary to L-158,809 (lane 2). 125I-

[Sar1 ,Bpa8]Angll photolabeled a protein with the same migration pattern and the same 

apparent MW (lane 4). As controls, membranes of COS-7 cells expressing either hAT2-
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WT , Ml28L-hAT2 or Ml38L-hAT2 were labeled with 1251-[Sar1,p'-NO2-Bpa8]Angll 

(lanes 5, 9 and 11) or with 125I-[Sar1,Bpa8]Angll (lanes 6, 10 and 12). Ali these control 

experiments resulted in a labeling of a protein with MW~ 140 kDa and migration pattern 

corresponding well to the hA T 2 receptor. The intensity of photolabeling induced by 125l-

[Sar1 ,Bpa8]Angll was higher than that induced by 125I-[Sar1 ,p '-NO2-Bpa8]Angll. 

However an exception was observed with M128,138L-hAT2 mutant. The intensity of 125l-

[Sar:,Bpa8]Angll labeling was significantly reduced as compared to that of hAT2-WT. 

The intensity of 125I-[Sar1 ,p '-NO2-Bpa8]Angll labeling stayed unchanged when compared 

to hAT2-WT. 

3.S. 7.2 Photolabeling of Ala-mutants of hAT 2 with 125l-[Sar1 .p '-NO2-Bpa8)Angll 

Figures 41-A to C represent the autoradiograms of the results obtained when 125l-

[Sar1 ,p '-NO2-Bpa8]Angll was used to photolabel M128A-hAT2 (figure 41-A), Ml38A-

hAT2 (figure 41-8) or M128,138A-hAT2 (figure 41-C). Receptor selective ligands were 

used to determine the specificity and selectivity of the labeling. Control labelings using 

125l-[Sar1,Bpa8]Angll to label the mutated hAT2 receptors and 125l-[Sar1 ,p '-NO2-

Bpa8]Angll to label hA T 2-WT were done in parallel. Exactly the same amount of each 

receptor was labeled by 3 nM of radioiodinated photoprobe. As shown in figures 41-A 

and B, 125l-[Sar1 ,p-NO2-Bpa8]Angll labeled a protein with apparent MW ~ 140 .kDa 

expressed in membranes of COS-7/M128A-hAT2 cell and COS-7/M138A-hAT2 cells 

(lanes l ). This photolabeling was influenced by the Angll receptor selective ligands since 

the addition of PD 123 319 (lane 3) abolished protein labeling but L-158,809 did not 

(lane 2). 125l-(Sar1 ,Bpa8]Angll labeled a protein of the same apparent MW in these cells 
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Figure 40. Photolabeling of Leu-mutants of the bAT 2 receptor transiently 

transfected in COS-7 cells with 1251-(Sar1JJ'-N02-Bpa1)AngU. The membranes of 

COS-7 transiently transfected with different Leu-mutants ofhAT2 (1 pmol of binding 

sites) were incubated with 125l-[Sar1 ,p '-N02-Bpa8]Angll (3 nM) for 90 min at RT 

atone (1) or in presence of competitor ligands (1 µM L-158,809 (2) or 1 µM PD123 

319 (3)). The membranes were than exposed to UV light for 1 hr and solubilized. 

Photolabeled, solubilized receptor material was submitted to SOS-PAGE (using 7.5% 

separating gel; 30 µl of photolabeled proteins were loaded per well). The gel was 

dried and processed to autoradiography. The apparent MWs of standard proteins 

("broad range") are indicated in between the panels. As a control, the mutated 

receptors were photolabeled with 125I-[Sar1 ,Bpa8]Angll (4), using exactly the same 

conditions. Another additional controls were done when 1251-[Sar1 ,p '-N02-Bpa8]Angll 

and 125I-[Sar1,Bpa8]Angll were used to label the hAT2-WT (5,6) or the hAT1-WT(7,8) 

receptors. Samples (9) and (10) represents photolabeling of M 128L-hA T 2 with either 

125I-[Sar1 ,p '-N02-Bpa8]Angll or 125I-[Sar1 ,Bpa8]Angll, respectively. Samples ( 11) and 

(12) shows photolabeling of M138L-hAT2 with the same ligands. The graphie is a 

typical representation of results obtained in three different experiments. 



A B 
1234 5678 1234 5678 

M128L M138L 

C 
1 3 4 5 6 9 10 11 12 

M128,138L 

205 
119 
98 

52.3 

36.8 

142 



143 

(lane 4). However, the efficacy of this JabeJing was much higher compared to that 

induced by 125I-[Sar1 ,p '-N02-Bpa8]Angll. The controJ photolabeling of hA T 2-WT with 

125I-[Sar1 ,p '-N02-Bpa8]Angll (Jane 5) and with 125l-[Sar1 ,Bpa8]Angll (Jane 6) also 

produced a band with apparent MW~ 140 kOa. According to the migration pattern and 

MW observed, this protein corresponds to hA T 2 (SERVANT et al., 1997). 

Figure 4 J-C shows an autoradiogram of the results obtained when membranes of 

COS-7 ce lis ex pressing M 128, l 38A-hA T 2 were photoJabeled with 1251-[Sar1 ,p '-N02-

Bpa8]Angll (Jane l ). This experiment resulted in a weak labeling of a protein with an 

apparent MW ~ 140 kDa. The protein labeling was influenced by Angll receptor 

selective ligands: addition of PD 123 319 (lane 3) abolished protein labeling but L-

158,809 did not (Jane 2). Surprisingly, when 125I-[Sar1 ,Bpa8]Angll was used as a photo-

ligand, no protein labeling was observed (Jane 4). As a controJ, the membranes of COS-7 

cells expressing hAT2-WT were Jabeled with 125l-[Sar1 ,p '-N02-Bpa8]Angll (lane 5) or 

with 125I-[Sar1 ,Bpa8]Angll (lane 6) giving a protein with of an apparent MW~ 140 kDa 

and migration pattern that corresponded to the hA T 2 receptor. 

2.5.7.3 Identification of the site of attachment of 1251-[Sar\p'-NOrBpa8)Angll with 

mutated hA T 2 receptors 

In order to verify the attachment site of p'-N02-Bpa8 with the Leu- and Ala-

mutants of hA T 2, the receptors were photoJabeJed with 125I-[Sar1 ,p '-N02-Bpa8]Angll, 

partially purified and submitted to CNBr digestion. As a controJ, CNBr digestion was 

aJso perfonned on hAT2-WT labeJed with 125I-[Sar1,p'-N02-Bpa8]Angll and hAT2-WT 
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Figure 41. Pbotolabeling of Ala-mutants of the bAT 2 receptor transiently 

transfected in COS-7 cells witb 125I-[Sar1,p'-N02-Bpa8)Angll. The membranes of 

COS-7 transiently transfected with different Ala-mutants of hAT2 (1 pmol ofbinding 

sites) were incubated with 125l-[Sar1 ,p '-N02-Bpa8]Angll (3 nM) for 90 min at RT 

alone (1) or in presence of competitor ligands (1 µM L-158,809 (2) or 1 µM PD123 

319 (3)). The membranes were than exposed to UV light for 1 hr and solubilized. 

Photolabeled, solubilized receptor material was submitted to SDS-PAGE (using 7.5% 

separating gel; 30 µl of photolabeled proteins were loaded per well). The gel was 

dried and proceed to autoradiography. The apparent MWs of standard proteins 

("broad range") are indicated between the panels. As a control, the mutated receptors 

were photolabeled with 125I-[Sar1 ,Bpa8]Angll (4), using exactly the same conditions. 

Another additional controls were done when 125I-[Sar1 ,p '-N02-Bpa8]Angll and 125I-

[Sar1 ,Bpa8]Angll were used to label the hA T 2-WT (5,6) receptors under the same 

conditions. The graphie is a typical representation of results obtained in three different 

experiments. 
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labeled with 125I-[Sar1 ,Bpa8]Angll. Figure 42-A shows results of this CNBr digestion of 

the Leu-mutants of hAT2. The digestion pattern of Ml28L-hAT2, Ml38L-hAT2 and 

hA T 2-WT photolabeled with 125I-[Sar1 ,p '-NO2-Bpa8]Angll, produced two major protein 

fragments with apparent MW~ 9.5 kDa and MW~ 3.4 k.Da. The fragment with apparent 

MW of 9.5 kDa probably corresponds to the sequence Cys117-Met170 and the fragment 

with apparent MW of 3.4 kDa could represent ligand release from a Met residue. CNBr 

digestion of Ml28,l38L-hAT2 photolabeled with 125I-[Sar1,p'-NO2-Bpa8]Angll resulted 

in only one fragment with apparent MW~ 9.5 kDa corresponding to Cys117-Met170. The 

control digestion of hAT2-WT photolabeled with 125I-[Sar1,Bpa8]Angll also resulted in 

formation oftwo fragment. The apparent MW of the fragments was determined as MW~ 

6.5 kDa, corresponding to Pro129-Met138, and MW ~ 3.4 k.Da, which indicates ligand 

release from a Met residue. 

Figure 42-B represents the obtained results of CNBr digestion of Ala-mutants of 

AT2 photolabeled with 125I-[Sar1 ,p '-NO2-Bpa8]Angll. The results of the experiment are 

essentially the same as described in previous paragraph for the Leu-mutants of AT2. The 

digestion pattern of Ml28A-hAT2, Ml38A-hAT2 and hAT2-WT photolabeled with 125I-

[Sar1 ,p '-NO2-Bpa8]Angll, producing two major protein fragments with apparent MW ~ 

9.5 k.Da and MW ~ 3.4 kDa. Fragment with apparent MW of 9.5 kDa probably 

corresponds to Cys117-Met170 and fragment with apparent MW of3.4 kDa could represent 

ligand release from a Met residue. CNBr digestion of Ml28,138A-hAT2 photolabeled 

with 125I-[Sar1 ,p '-NO2-Bpa8]Angll resulted in only one fragment with apparent MW ~ 

9.5 kDa corresponding to Cys 117-Met170. The control digestion of hAT2-WT/1251-
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[Sar1 ,Bpa8]Angll also resulted in fonnation of two fragment. The apparent MW of the 

fragments was deterrnined as MW~ 6.5 kDa, corresponding to Pro129-Met138, and MW~ 

3.4 k.Da, which indicates ligand release from a Met residue. 

3.7.4.1 Identification of the site of attachment of 1251-[Sar1,Bpa8)Angll with mutated 

hA T 2 receptors 

In order to verify the attachment site of Bpa8 with the Leu- and Ala-mutants of 

hAT2, the receptors were photolabeled with 125I-[Sar1,Bpa8]Angll, partially purified and 

submitted to CNBr digestion. As a control, CNBr digestion was performed on hAT2-

WTt1251-[Sar1 ,Bpa8]Angll. Figure 43-A shows the results of CNBr digestion of Leu-

mutants of hAT2. The digestion pattern of M128L-hAT2, M138L-hAT2 and hAT2-WT 

photolabeled with 125l-[Sar1 ,Bpa8]Angll, produced two major protein fragments with 

apparent MW ~ 6.5 k.Da and MW ~ 3.4 k.Da. Fragment with apparent MW of 6.5 k.Da 

probably corresponds to Cys117-Met128, Cys117-Met138 or Pro129-Met138 respectively, and 

fragment with apparent MW of 3.4 k.Da could represent ligand release from a Met 

residue. CNBr digestion of M128, 138L-hA T 2 photolabeled with 125l-[Sar\p '-N02-

Bpa8]Angll resulted in only one fragment with apparent MW ~ 9.5 k.Da corresponding to 

Cys••1-Met110_ 

Figure 43-8 represents the results obtained of CNBr digestion of Ala-mutants of 

AT2 photolabeled with 125I-[Sar1,Bpa8]Angll. The results of the experiment are 

essentially the same as described in previous paragraph for the Leu-mutants of AT 2. The 

digestion pattern of Ml28A-hAT2, Ml38A-hAT2 and hAT2-WT photolabeled with 125I-

[Sar1 ,Bpa8]Angll, produced two major protein fragments with apparent MW ~ 6.5 k.Da 
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and MW ~ 3.4 kDa. Fragment with apparent MW of 6.5 kDa probably corresponds to 

Cys1I7-Met I28
, Cys II7-Met138 or Pro129-Met138 and fragment with apparent MW of3.4 kDa 

could represent ligand release from a Met residue. CNBr digestion of M 128, l 38A-hA T 2 

photolabeled with 125l-[Sar1 ,Bpa8]Angll resulted in only one fragment with apparent MW 

~ 9.5 kDa corresponding to Cys117-Met170
• 
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Figure 42. CNBr cleavage of Leu-mutants (A) and Afa-mutants (B) of the hAT 2 

receptor photolabeled with 1251-(Sar1JJ'-NO2-Bpa8)Angll. The photolabeled 

receptors were incubated in presence (+) or in absence (-) of 100 mg/ml CNBr. 

Sarnples (5,000 cpm/well) were loaded on 16.5% SOS-PAGE (Tris-Tricine) followed 

by an autoradiography. Protein standards labeled with C 14 indicates the apparent MW. 

Control of the digestion, marked CT, represents photolabeling and CNBr digestion of 

hA T 2-WT labeled with 125I-[Sar1 ,Bpa8]Angll. This result is representative of 2 

separate experiments. 
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Figure 43. CNBr cleavage of Leu-mutants (A) and Ala-mutants (B) of the hAT 2 

receptor pbotolabeled with 1251-(Sar• ,Bpa8)Angll. The photolabeled receptors were 

incubated in presence (+) or in absence (-) of 100 mg/ml CNBr. Samples (5,000 

cpm/well) were loaded on 16.5% SOS-PAGE (Tris-Tricine) followed by an 

autoradiography. Protein standards labeled with C14 indicates the apparent MW. This 

result is representative of 2 different experiments. 
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DISCUSSION 

4.1 PALMITOYLATED ANGII ANALOGUES 

Our first objective was to prepare peptide analogues of Angll, which could be 

used as a treatment for postangioplastic restenosis. Restenosis, as a result of a healing 

process of the balloon-injured artery, is a major clinical and socio-economical 

complication and enormous efforts have been invested to reduce its recurrence. A wide 

array of different pharmacophores and dietary obligations have been tested, but in most 

cases with very little improvement. Implication of the RAS in this pathological situation 

bas been proved by numerous research groups. 

The ACE inhibitors, routinely used as antihypertensive drugs and efficient 

blockers of the RAS cascade, were the first to be tested on animal models of 

postangioplastic restenosis. POWELL et al. (1989) reported that the use of ACE inhibitor 

therapy in the rat carotid assay led to significant reduction of neointima formation after 

balloon catheterization. Subsequent studies with losartan, a nonpeptidic Angll antagonist, 

showed similar results (OSTERRIEDER et al., 1991; AZUMA et al., 1992; TAGUCHI et 

al., 1993). An important retrospective clinical study under antihypertensive ACE 

inhibitor therapy, MERCATOR (ANONYMOUS, 1992) revealed, however, that in 

humans ACE inhibitors did not reduce the incidence nor the severity of postangioplastic 

restenosis. 
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Despite some criticism of the study, conceming insufficient dose and lack of pre-

treatment with ACE inhibitor long enough before the assigned procedure, interest has 

been tumed to the AT1 receptor and its blockage, eventually leading to suppression of 

neointima formation. About ten years ago, man y of new nonpeptidic antagonists of AT 1 

have been developed and pharmacologically characterized (CHANG et al., 1992; 

CRISCIONE et al., 1993; ZYDOWSKY et al., 1994). PHAM et al. (1996) compared 

these analogues with losartan using the rat carotid modet of the angioplasty restenosis. 

The results of this study showed that ail nonpeptidic compounds reduced neointima to the 

same extent as losartan; none however exceeded 60% neointima reduction. BOSSE et al. 

( 1992) prepared and characterized a peptidic, non-selective Angll antagonist. This Angll 

analogue, [Sar1 ,Br5Phe8]Angll, showed an interesting pharmacological behavior. In in 

vitro assay on rabbit aorta strips it completely suppressed response of the tissue to Angll, 

which was not a feature seen with other peptidic antagonists. Furthermore, its ability to 

inhibit contraction of smooth muscle was long lasting and response of the tissue could not 

be recovered even after intensive washing and [Sar1 ,Br5Phe8]Angll was therefore 

described as a non-selective, insurmountable antagonist of the AT I receptor. However, 

the possibility of its in vivo evaluation on post-angioplasty animal model was limited due 

toits oral unavailability. LAPORTE AND ESCHER (1992) used osmotic minipumps to 

deliver medicated solutions for a period of two weeks in a continuous manner into the 

dilated carotid artery. Infusion of losartan reduced neointimal formation but only to 

degree similar to that found using oral losartan medication. Infusion of [Sar1 )Angl under 

ACE inhibitor treatment did not influence neointima formation since the mass of newly 

formed scar tissue was similar to that of non-treated animais. ln following experiments, 
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LAPORTE AND ESCHER (1992) used osmotic minipumps to deliver 

[Sar1 ,Br5Phe8]Angll to the dilated site. This treatment produced, at infusion rates far 

below those utilized for losartan medication, a virtually complete inhibition of neointima 

formation and restenosis. This observation was surprising and unexpected since 

nonpeptidic antagonists of AT I have been proved far superior in counteracting ail other 

physiological Angll activity in the living animal as well as in humans, compared to the 

effects produced by their peptidic analogues, often exhibiting partially agonistic 

properties when tested in vivo. 

Taking into account ail these informations, we hypothesized at that time 

incorrectly (as it tumed out later on) that [Sar1 ,Br5Phe8]Angll and potentially other 

peptidic antagonists had capacities as inverse agonists. This capacity may not be shared 

by the selective and highly potent nonpeptidic antagonists, which thus would act only as 

neutral antagonists. This hypothesis could be supported also by the fact that peptidic 

analogues of Angll and non-peptidic selective antagonists have been shown to interact 

with distinct binding sites within the AT1 receptor (JI et al., 1994). Furthermore, studies 

on the expression of the elements of RAS following arterial injury have shown significant 

upregulation (RAKUGI et al., 1994), inclusively that of the AT1 receptor 

(VISW ANATHAN et al., 1994). Our hypothesis was therefore based on the possibility 

that after vascular injury, smooth muscle cell increase the expression of the AT, receptor 

to the extent when constitutive activity of the receptor becomes physiologically 

significant. lt would in tum mean that use of neutral antagonists, in our case non-peptidic 

selective antagonist such as losartan, is not sufficient to black the AT I signaling. On the 
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other hand, the constitutive activity of the receptor can be blocked by an inverse agonist 

leading to the complete shut down of the Angll mediated cellular responses and 

hopefully resulting in suppression of the neointima formation by almost 100%. 

The previous paragraphs well justify why we tumed our interest towards peptidic 

antagonists of Angll as a potential anti-restenosis therapy. On the other hand, the use of 

peptides as drugs is not very convenient due to their low or non-existing oral activity. T o 

overcome this problem, chemical modifications are often introduced in the peptide 

molecule. In order to prepare depot forms of Angll and its analogues, MALETINSKA et 

al. (1997) designed [Sar1]Angll esterified in position 4 by palmitic acid. This 

modification was meant to achieve a peptidase-resistance through partitioning into the 

membrane by the lipid-residue. Subsequent liberation of the "active" form of such 

peptides by lipases. Quite surprising was the observation that despite the fatty-acid 

esterification of [Sar1 ]Angll, the peptide kept its affinity for the AT 1 receptor and was 

biologically active. Another lipidated analogue, [Sar1 ,Tyr(O-Pal)°',D-J3Nal8]Angll, also 

bound the AT 1 receptor but with 10-fold lower affinity than its non-palmitoylated 

equivalent. In vitro, this lipidated analogue behaved as a full but not very active 

antagonist. lt was reported that regardless of a slow on-set, this compound produced a 

long-lasting inhibitory effect on rabbit aorta. 

In our project, we further explored the initial idea of MALETINSKA et al. 

(1997). We prepared a set of Angll analogues palmitoylated in position 4 and modified in 

position 8 by different amino acids. Modifications were designed according to previous 
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reports indicating an importance of position 8 of Angll for receptor activation (REGOLI 

et al., l 974). Amino acids responsible for the over-all antagonistic behavior of the 

peptide are well known. Substitution of Phe8 by Ala or Ile produces antagonists that were 

widely used to characterize different Angll receptors. Our intention was to synthesize a 

set of peptides, where the only variant would be the amino acid in position 8, more 

precisely its size/hydrophobic behavior, and to verify its effect on pharmacological 

characteristic of the palmitoylated peptide. The amino acids, which we incorporated into 

position 8 of palmitoylated Angll were Gly, Ala, Ile, Leu, D-j3Nal, and Br5Phe. In this 

group of peptides, the Gly-containing peptide represented an analogue with virtually no 

side-chain in position 8 and the Br5Phe- or the D-j3Nal-containing peptide represented 

analogues with highly hydrophobie, bulky side chains. Ala-, Ile- and Leu-analogues were 

designed to make a transition between these two extremes. We also prepared the agonist 

form of the palmitoylated compounds, [Sar1,Tyr(O-Pal)4]Angll to have a functional 

control. Sar was introduced in position l of ail the palmitoylated analogues. As already 

mentioned, Sar in position l of Angll increases affinity of the peptide for Angll receptor 

and decreases its susceptibility to proteolytic degradation. 

We used the Fmoc/piperidine/TFA protocol to synthesize ail the palmitoylated 

analogues, since it allowed milder cleavage conditions with 80% TF A, compared to 

liquid HF as a part of the Boc/TF A/HF strategy. The milder cleavage conditions were 

important, since the phenyl ester bond between the peptide and fatty acid is labile and it 

would not sufficiently resist the treatment with HF. Palmitoylation has been carried out 

after coupling of Fmoc-Tyr(OH) to the peptide resin Val-His-Pro-Phe-Res by 
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esterification of the free hydroxyl group with palmitoyl chloride. This was essentially the 

only difference compared to the previously described procedure (MALETINSKA et al., 

1997), where palmitoylation was carried out as the last step of the synthesis. Our 

experience showed that side reactions were more pronounced if the hydroxyl group of 

Tyr4 was left unprotected during the peptide synthesis and coupled with palmitoyl 

chloride as the last step. In addition, when we esterified the hydroxyl group of Tyr4 and 

then continued the peptide synthesis, the HPLC profiles of the crude peptides after 

cleavage from resin revealed higher yields and purity of the desired products. 

We examined the basic pharmacological properties of the palmitoylated Angll 

analogues by three different biological assays. The affinities of these analogues for the 

AT I receptor were determined by dose-displacement binding studies. As expected, the Ki 

values of the palmitoylated peptides were lower when compared to those of their non-

palmitoylated equivalents. The decrease in affinity was more evident if D-J3Nal or BrsPhe 

were introduced in position 8. We explain this phenomenon by an accumulation of steric 

hindrance of these amino acids together with the fatty acid residue, which results in more 

difficult accommodation of the whole peptide molecule in the binding pocket of the 

receptor. The lower affinities of more hydrophobie peptides could be a reflection of their 

increased affinity for the lipidic portion of membrane. Higher non-specific binding would 

in tum result in loss of ligand available for the receptor and produce a shift of the binding 

curves to the right towards higher concentrations. On the other band, the physico-

chemical characterization of ail the palmitoylated peptides showed that the difference in 

HPLC elution profiles between the .. smallest" and the "biggest" member in the set of 
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analogues, was only 7% of ACN/0.05% TF A. lt is probably not a high enough difference 

to produce such important changes in behavior of the peptide. The decrease in affinity is 

therefore attributed to increased combined steric hindrance of Br5Phe and D-PNal with 

the fatty acid residue. 

In functionality studies, we first looked if these analogues could activate the AT1 

receptor and induce production of IPs in COS-7/hAT1 cells. The dose used to stimulate 

the production of 2nd messengers (final concentration of the peptide 10-7 M) was chosen 

according to the results of the binding studies showing that this concentration of 

lipopeptide saturates the receptor and assures its maximal activation. Since almost ail the 

non-palmitoylated equivalents of our analogues are well known antagonists, we predicted 

that stimulation of the COS-7 /hA T I ce lis by those palmitoylated peptides would not 

influence the basal level of IPs produced by these cells. Our results showed that none of 

the palmitoylated analogues induced the Gq111 signaling pathway. The only palmitoylated 

peptide being able to stimulate fully AT1 was [Sar1,Tyr(O-Pal}4]Angll. The level of IPs 

produced by the AT I transfected COS-7 cells upon stimulation with this compound was 

similar to that induced by Angll, confirming its agonistic features. 

To further determine whether the newly synthesized analogues were antagonists 

or agonist of the AT I receptor, we measured their ability to stimulate or prevent 

contraction of rabbit aorta. The results of the previous experiment indicated that 

[Sar1 ,Tyr(O-Pal}"']Angll behaved as a full agonist. The same feature was seen when we 

compared the maximal contraction of the aortic tissue induced by [Sar1 ,Tyr(O-
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Pa1}4]Angll and by Angll. Both analogues produced identical isometric contractions 

when used at a saturating concentration. An interesting phenomenon was observed during 

measurement of cumulative dose-response curves upon agonist application. Contraction 

of smooth muscle induced by Angll was very rapid and the maximal response to a single 

dose was observed within few minutes. On the other hand, the delay to obtain a maximal 

response induced by a single dose of (Sar1 ,Tyr(O-Pa1}4]Angll, was approximately twice 

the amount of time compared to Angll. Such a behavior can be explained by a slower 

association of the ligand with the receptor, which would in turn bring a delayed and 

prolonged response of the tissue or by a slow liberation of an "active" form of the 

membrane buried peptide molecules. The second eventuality was consistent with our 

hypothesis and the purpose, with which we decided to introduce the fatty acid residue 

within the peptide molecule. The fatty acid residue was attached to the peptide by a labile 

ester bond, which can be easily broken by an action of lipase (MALETINSKA et al., 

1997). However, MALETINSKA et al. (1997) reported that the half-life of this reaction, 

enzymatically driven by lipase, was about 4 hrs and that the peptides are stable in a 

solution of pH 7.4 for two days. This could indicate that the ester bond between the fatty 

acid residue and the peptide is stable enough and that the influence of depalmitoylation of 

the peptide on contraction of smooth muscle cannot be detected within a period of a 

single experiment. 

Since ail the other palmitoylated analogues did not induce production of IPs in 

COS-7 /hA T I ce lis, we suspected that these analogues would not induce contraction of 

smooth muscle and furthermore, that their application would antagonize the effect of 
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Angll. As expected, all the analogues behaved as antagonists without any partial 

agonistic features. Their ability to antagonize rabbit aorta responses to Angll was long 

lasting. W e noticed that the maximal response of the tissue decreased, especially when 

we applied high concentration of the palmitoylated analogue. This effect has been already 

seen with high doses of [Sar1 ,Ala8]AngII or low-doses of [Sar1 ,Br5Phe8]Angll. Such a 

behavior makes it impossible to calculate correct pA2 values by the Schild plot. To 

evaluate the antagonistic properties of these ligands, we had to use linear extrapolation in 

order to estimate the pA2 values. We also observed that the long-lasting antagonistic 

effect of the newly synthesized compounds is dependent on the size of the amino acid 

introduced in position 8. When we increased the size of the amino acid, difference in the 

affinity of palmitoylated compound compared to that of non-palmitoylated compound 

was more pronounced. On the other hand, an opposite tendency was seen when we 

compared the ability to antagonize the AT I receptor. The bulkier the amino acid 

introduced at the C-terrninus of Angll, the harder it was to wash out this peptide from the 

tissue and to recover its response to AngII. Such an effect may be explained by slower 

association and slower dissociation rates of more hydrophobie peptides. That is why the 

tissue response to Angll was easily recovered when [Sar1 ,Tyr(O-Pal)4,Ala8]Angll was 

applied to antagonize the response to Angll but almost no recovery of sensitivity of the 

tissue was observed upon application of [Sar1 ,Tyr(O-Pal)4.Br5Phe8]AngII. This indicates 

that palmitoylated peptides with bulky residue acted as insurmountable antagonists. The 

fact that it was virtually impossible to recover the response of rabbit aorta to Angll, once 

the tissue was pre-treated with those analogues, further confirmed that the peptides bind 

and exert their biological activity in their palmitoylated forms. 
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Finally, we verified, if the effect of palmitoylated analogues is only AT 1-

mediated. We used [Sar1 ,Tyr(O-Pal)4,Leu8]Angll, the most potent analogue from ail the 

set, at 10-7 M concentration, to verify whether it modified the response of the tissue to 

other agonist whose receptors are present at the membrane of the smooth muscle cells. 

Our results indicated that [Sar1
, Tyr(O-Pal)4 ,Leu8]Angll inhibited the contraction of rabbit 

aorta only via an AT 1-mediated pathway, since no difference in response was observed 

when agonists of the 8 1-bradykinin receptor and the a 1-adrenergic receptor were applied 

to [Sar1 ,Tyr(O-Pa1)4.Leu8]Angll pre-treated aorta strips. It confirmed the specificity of 

action of the palmitoylated peptides. Despite their increased hydrophobicity and 

potentially increased non-specific binding, which could result in non-specific effects, 

palmitoylated peptides exerts their action on smooth muscle only via the AT I receptor. 

To briefly summarize ail the information, we have prepared palmitoylated 

analogues of Angll, which were modified in position 8 by different amino acids. Ali 

those analogues were synthesized using the Fmoc/piperidine/TF A protocol with a 

palmitoylation carried out right after coupling of side chain-unprotected Fmoc-Tyr(OH). 

Ali the peptides kept their affinity for AT 1 despite their palmitoylation. Their functional 

properties were AT 1-specific and identical to that of their non-palmitoylated equivalents. 

Furthermore, their in vitro effects were long-lasting, which was even more pronounced in 

the case of peptides with bulky residue. We have previously seen (MALETINSKA et al., 

1997), that these analogues are stable in physiological conditions and can be converted to 

the non-palmitoylated peptide, a property, which could increased their in vivo 

effectiveness. Taking into account ail the results and data available, newly synthesized 
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analogues represent a very interesting group of products. However, our goal was to 

prepare these peptides as potential drugs for the treatment of post-angioplastic restenosis, 

which, as we thought, was a result of an over-expression of the AT I receptor in the 

injured artery. 

4.2 CONTRADICTION 

During the last few years, several constitutively active receptors were constructed 

using site-directed mutagenesis (ALLEN et al., 1991; KIELSBERG et al., 1992). 

Constitutive activation of AT1 was achieved by mutations Nl 1 IA and NI l IG of the rat 

and human AT I receptors characterized by an increased basal inositol phosphates 

production and an amplification of the response to Angll (NODA et al., 1996; 

GROBLEWSKI et al., 1997). Cell cultures transfected with these mutants displayed 

striking phannacological changes. Non-peptidic antagonists of the AT 1-WT receptor ( e.g. 

losartan, L-158 809, and EXP 3176) showed lower affinities for the mutated receptors but 

behaved as inverse agonists. On the other hand, peptide antagonists of AT 1-WT e.g. 

[Sar1 ,Ile8]Angll and [Sar1 ,Ala8]Angll), showed partial agonism on the mutated receptors 

(GROBLEWSKI et al., 1997). 

Our initial working hypothesis on the efficacy of peptidic antagonists and the 

reduced efficacy of the non-peptidic antagonists of the AT I receptor on the restenosis 

models was based on the hypothetical properties of these antagonists. Peptide antagonists 

were expected to be inverse agonists capable of suppressing constitutive activity, whereas 
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non-peptidic antagonists were suspected to be neutral antagonists. The later results 

showed the reverse to be true and the initial working hypothesis had to be discarded. 

Several questions about the mechanism and efficacy of AT I antagonists on restenosis 

suppression still remain unanswered. If the non-peptidic antagonists of the AT 1 receptor 

actually behave as inverse agonists on the constitutively active AT 1 receptor, why do they 

have so low efficacy on restenosis in animal models? Could the application of the 

peptidic antagonists of AT 1 increase restenosis since they have partial agonistic effects? 

Why does the [Sar1 ,BrsPhe8]AngII suppress restenosis completely when other antagonists 

of AT1 actas very weak anti-proliferators? 

lt is not easy to over-express receptors in vitro to such a degree to measure the 

actual constitutive activity of the AT 1-WT receptor. AT 1-transfected COS-7 cells over-

express this receptor already but no IPs production increase over the mock-transfected 

cells could be observed. Therefore it is not easy to confirrn that Nl l lA and Nl l lG are 

the real representatives of such a state. For the same reason we do not know what would 

happen upon application of the two classes of the AT1 antagonists into an over-expressed 

system. The only information on the over-expressed Angll system that we have, are those 

reported on the post-angioplastic restenosis animal models and they well correlate with 

the observations made on constitutively active mutants of AT1• In addition, since the 

mechanism of restenosis is not well understood, the only answer for previously asked 

questions would be that the importance of the AT 1 blockade on restenosis development 

remains doubtful. 
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4.3 NEW PHOTOAFFINITY PROBES 

Since the use of peptidic antagonists of the AT 1 receptor as suppressors of 

restenosis was no longer an option, we decided to reorient the project and put emphasis 

on other aspects. Recently, many studies have focused on mapping the binding pocket of 

a receptor using a photoactive ligand. From ail the tools available, the most convenient is 

the benzophenone moiety due to its well-defined photochemistry. Benzoylphenylalanine 

(Bpa) is a benzophenone-containing amino acid, which can be easily incorporated into a 

peptide during solid-phase peptide synthesis. In our laboratory, Bpa-containing Angll 

analogues had a great importance. These peptides have been used to photolabel both 

Angll receptors (BOSSE et al., 1993; SERVANT et al., 1997; LAPORTE et al., 1999; 

BOUCARD et al., -2000; PERODIN et al., 2001) as well as atypical Angll binding sites 

present in Mycoplasma hyorhynis (SERVANT et al., 1998) or in the chicken liver 

(HOULEY et al., 1998). However, some of the projects were limited since ail the 

experiments were dependent on the necessity of permanent association of a 

photoactivable moiety with radioactivity. This condition is not always obvious, especially 

since many of the approaches consist of proteolytical digestion of the receptor-ligand 

complex. Another disadvantage is the fact that some of the ligands, for example 

palmitoylated Angll analogues, lose the feasibility of Tyr iodination due to 

"desactivation" of phenol ring by different substituents or do not have Tyr amendable for 

iodination in their sequence. Our own experience made us realize that many additional 

experimental steps and potential complications could be avoided if we had in our bands a 

photoactive amino acid with a radioactive atom, most likely 1251, introduced directly 
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within its structure. The ability to radioiodinate the photoactive residue of a peptide 

ligand would then provide a distinct advantage over previous photolabeling methods by 

allowing the identification of the exact amino acid at the photoinsertion site on the 

receptor, independent of the proteolytic manipulations after labeling. 

The work of BOSSE et al. (l 993) showed the possibility to incorporate 1251 into a 

molecule of Angll by substituting the N02-group of [Sar1 ,p '-N02-Phe8]Angll using the 

Gattermann-Sandmeyer reaction. We decided to try the same approach and prepare 

[Sar1 ,p '-1251-Bpa8]Angll, with the ultimate goal to photolabel the AT1 receptor. We kept 

the synthetic pathway of the Gattermann-Sandmeyer reaction essentially as described 

(BOSSE et al., 1993). The reaction consisted of three steps: reduction of p '-N02-group, 

its diazotation and subsequent substitution with radioactive iodine using Cu-catalyst. 

BOSSE et al. (1993) used Pd on charcoal and H2 to reduce [Sar1 ,p '-N02-Phe8]Angll to 

[Sar1 ,p '-NH2-Phe8]Angll. These conditions are advantageous since the reaction is carried 

out in diluted H2S04 and the product can be used directly in the next step once the 

Pd/charcoal is removed by filtration. The reduction of the N02-substituent of an aromatic 

ring under these conditions is often very fast and free of side products. p '-N02-Bpa is, 

however, a bifunctional molecule with two reactive groups, the p '-N02 group and the 

ketone group between two aromatic rings, and both are susceptible to reducing agents. 

Since the ketone bondis very important for the photoactive properties of the whole ligand 

and its reduction is undesired, selection of appropriate reaction conditions is crucial. We 

have observed that Pd/charcoal and H2 reduced quickly both functionalities and they 

could not be used for our purposes. In a search for a selective catalyst, we found that 
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powdered zinc in diluted AcOH was mild enough to protect the ketone bond but was able 

to reduce the p '-N02-group. However, this condition was prone to by-products and a 

partially reduced form, the hydroxylamine of Bpa, was formed at the same time. 

The second step, formation of the diazonium sait of the reduced peptide, was we!l 

defined and we did not observe any major complications or side-product formation. W e 

verified the efficiency of this reaction by coupling of the diazotated product to phenol. 

The yield of this contrai reaction showed indirectly whether the formation of a diazonium 

sait was a rate-limiting factor in preparation of p '-I-Bpa. As we observed, the yield of 

[Sar1 ,p '-hpa-Bpa8]Angll was almost 40% indicating that the condition we were using for 

the diazonium sait preparation were adequate. 

The last step, substitution of the diazonium group by I or 1251 was the most 

challenging and we had to combine many different approaches to obtain reasonable 

amounts of the desired peptides. BOSSE et al. (1993) reported that radioiodination of 

(Sar1 ,p '-NH2-Phe8]Angll by the Gattermann-Sandmeyer reaction had ~ 50% efficiency. 

Despite similar and sometimes even improved approaches, we were, however, not able to 

reach this level and the yield of pure [Sar1 ,p ·-125I-Bpa8]Angll was low. The factors, 

which can influence the reaction were: quantity of ligand, quantity of radioactive iodine, 

purity of radioactive iodine ("carrier-free"), surface of the Cu catalyst, reaction time, 

reaction temperature, pH of the solution, presence of the competitor elements (1, Cl, F, 

Br) present in water and so on. Furthermore, the mechanism of the Gattermann-

Sandmeyer reaction is very complex and each of the previously mentioned factors could 
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be a subject of a single study. We overcame the difficulties to prepare a reasonable 

amount of [Sar1,p '-125I-Bpa8]Angll by synthesis of [Sar1 ,p '-I-Bpa8]Angll and its 

subsequent radioiodination on Tyr4
• Another reason, why we decided to work with 125I-

[Sar1 ,p '-I-Bpa8]Angll instead of [Sar1 ,p ·-125I-Bpa8]Angll, was the fact that we were able 

to prove the correct structure of [Sar1 ,p '-1-Bpa8]Angll by MS. This way we could clearly 

demonstrate that the observed pharmacological and photochemical properties of the 

substance are that of a p '-1-Bpa containing ligand. 

During the preparation and physico-chemical characterization of [Sar1 ,p '-I-

Bpa8]Angll, we actually obtained other compounds, which could be directly iodinated on 

Bpa and at the same time used as a photoactive ligands: p '-NH2-Bpa in the sequence of 

[Sar1 ,p '-NH2-Bpa8]Angll was prepared as an intermediate product during the synthesis of 

[Sar1 ,p '-I-Bpa8]Angll. It resembled by its chemical properties already prepared p '-OH-

Bpa (HBPA; WILSON et al., 1997). HBPA was introduced at position 8 of SP, directly 

radioiodinated using chloramine T as an oxidizer and used to photolabel the SP receptor. 

Both substituents of the Bpa-moiety, amino and hydroxyl group, represent an electron-

donating groups. These substituents (for nomenclature compare Figure 12.), due to their 

mesomeric electron-donating effect, create a partially negative charge on the ortho- and 

para- carbons of the aromatic ring and facilitate electrophile substitution. One of the 

typical representatives of electrophile substitution of an aromatic ring is iodination of Tyr 

using lodo-Gen as an oxidizer. As already mentioned, introduction of 1251 onto a peptide 

or protein molecule on a Tyr residue is the most convenient and frequently used way. The 

fact that we were able to synthesize and to purify a peptide, containing p '-NH2-Bpa gave 
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us the possibility to use the same conditions as for Tyr-iodination, and to introduce 1251 

directly into the molecule of p '-NH2-Bpa by an easy and complication-free reaction. 

We prepared [Sar1 ,p '-hpa-Bpa8]Angll in order to veri fy the efficacy of the second 

reaction step of the Gattermann-Sandmeyer reaction, the formation of the diazonim sait. 

We were able to intercept this intermediate product by azo-coupling to phenol under 

basic conditions and to obtain a high yield of the p '-hpa-Bpa-containing peptide, 

potentially susceptible to direct iodination by Iodo-Gen within the Bpa-like moiety. In 

order to radioiodinate [Sar1 ,p '-hpa-Bpa8]Angll, we had to increase the pH of the reaction 

to pH 8.5, corresponding to the pHoptimum of Iodo-Gen. hpa-Bpa is a highly conjugated 

system, which involves also free electron pairs on oxygen of the phenol residue, 

stabilizing the whole structure and making it difficult to substitute the phenolic aromatic 

ring. The slightly basic pH of the reaction mixture influences the dissociation constant of 

the hydroxyl group giving it more acidic character with a tendency to deprotonate. This 

in tum destabilizes the whole conjugated system and makes it easier to introduce an 

electrophile substituent in the position ortho on the phenol residue. 

Ail the Bpa-like amino acids were prepared as postsynthetic modifications of 

[Sar1 ,p '-N02-Bpa8]Angll. Angll contains, however, a Tyr in position 4, which can be 

easily radioiodinated with Iodo-Gen. In order to determine the ideal iodination conditions 

of iodination of p '-NH2-Bpa8 and p '-hpa-Bpa8
, we used an Angll analogue with Phe in 

position 4. Such an analogue could not be radioiodinated with Iodo-Gen at position 4 and 

that is why the resulting radioactive products of the radioiodination of [Sar1,Phe\p '-NH2-
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Bpa8]Angll and [Sar1 ,Phe4.p '-hpa-Bpa8]Angll must correspond to [Sar1 ,Phe4,m '-1251,p ·-

NH2-Bpa8]Angll and [Sar1 ,Phe4, m "-1251- p '-hpa-Bpa8]Angll respectively. Using this 

alternative, we were able to prove that p '-NH2-Bpa is radioiodinatable in acidic 

condition, while p '-hpa-Bpa is radioiodinatable only in pH 8.5. However, both reactions 

are quite efficient and the yields of resulting [Sar1 ,Phe4,m '-1251,p '-NH2-Bpa8]Angll and 

[Sar1 ,Phe4, m "-1251- p '-hpa-Bpa8]Angll are high enough (80% and 30% respectively). 

Our results showed that ail Angll analogues containing the Bpa derivative had 

good affinities for the AT 1 receptor. However, none of the three different photoligands 

labeled specifically the AT 1 receptor, bovine or human. During every photolabeling 

experiment we performed a control photolabeling of the AT 1 receptor by 125l-

[Sar1 ,Bpa8]Angll as an internai standard to confirm our observations. We have observed 

that 125l-[Sar1 ,Bpa8]Angll labels a protein, which corresponds by its competition profile 

and SOS-PAGE migration pattern to the AT1 receptor as described by LAPORTE et al. 

(1999). These results indicate that the experiments were done correctly and that the 

negative results are the real representative of photoincorporation abilities of the different 

photoprobes towards AT 1. W e also observed an increased nonspecific labeling induced 

by these analogues. Surprisingly, the intensity of the non-specific bands was in many 

cases influenced by receptor-type selective ligands; L-158,809 (AT1 selective) or PD 123 

319 (AT2 selective) but not by Angll itself. The relatively high concentration of these 

non-peptidic components might interfere and compete somehow with the non-specific 

hydrophobie sites. The non-specific bands were absent when the receptor-ligand complex 

was migrated on SOS-PAGE without UV irradiation. lt indicates that the non-specific 
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bands are probably a result of covalent bond formation between the ligand and proteins 

from COS-7/hAT1 or bovine adrenocortical membranes since the label stayed associated 

with the protein despite denaturing conditions. Such an explanation would mean that p ·-1-

Bpa, p '-NH2-Bpa and p '-hpa-Bpa are photoactive, however, they are not able to 

photo label specifically the AT I receptor. 

We tried to understand, why we were notable to obtain any specific photolabeling 

of AT1, induced by 125l-[Sar1 ,p '-I-Bpa8]Angll, 1251-[Sar1 ,p '-hpa-Bpa8]Angll or 

[Sar1 ,Phe4,m ·-1251,p '-NH2-Bpa8]Angll. Among these three photo ligands, p '-l- and m ·-

1251,p '-NH2-substituents of the Bpa8 represent electron-donating groups, which are known 

to decrease the radical reactivity of the photoactivated Bpa molecule. As previously 

mentioned, WILSON et al. (1997) preparedp '-OH-Bpa, introduced it at position 8 of SP, 

radioiodinated the ligand and used it to label the SP receptor. Despite an expected fall in 

the photolabeling efficiency, since p '-OH has also electron-donating properties and 

should decrease Bpa photoactivity, he was able to obtain ~30% photoinsertion yield. 

There is an order of potencies of the substituents to donate their electrons to the 

conjugated system. If we compare the three substituents, p '-NH2 is the strongest donor, 

followed by p '-OH-group and p '-1-substituent. Taking into account this order of electron-

donating potencies of individual substituents and their ability to influence Bpa 

photoactivation, we could predict that p '-NH2-Bpa will give the lowest photoinsertion 

yield and p '-1-substitution of Bpa should have the smallest effect on Bpa photoreactivity. 

This is not in agreement with our results. The results of WILSON et al. (1997), 125I-

[Sar1 ,p '-I-Bpa8]Angll should label the AT I receptor almost as efficiently as Bpa. We 
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suggest that the discrepancy between our results and theoretical as well as experimental 

evidence are due to the character ofbinding pocket of the AT1 receptor. According to the 

generally accepted theory, Bpa upon UV irradiation reacts preferentially with C-H bonds 

within 3. l A. It is possible that there is no C-H bond within this radius available for 

hydrogen abstraction induced by p '-1-Bpa and the radical falls back to its ground state 

before it is able to participate in covalent bond formation. The affinity of [Sar1 ,p '-1-

Bpa8]Angll for AT I compared to that of [Sar1 ,Bpa8]Angll is about an order of a 

magnitude lower suggesting different accommodation of [Sar1 ,p '-I-Bpa8]Angll in the 

binding pocket of AT 1-

p '-hpa, on the other band, represents an electron-withdrawing substituent of the 

benzophenone moiety. Theoretically, this substituent should increase the reactivity of p ·-

hpa-Bpa as already mentioned. However, we did not detect any specific photolabeling of 

AT1 induced by 125l-[Sar1,p'-hpa-Bpa8]Angll either. We hypothesized that the "reactive 

volume" of p '-hpa-Bpa is smaller than that of Bpa due to shorter half-life of radical form 

of the amino acid. lt is possible, that reaction radius of p '-hpa-Bpa upon illumination with 

UV light is too small to encounter a C-H bond in the receptor binding pocket and the 

excited molecule falls toits ground state before it forms covalent bond. 

ln order to further explore the photoactive properties of 125I-[Sar1 ,p '-I-

Bpa8]Angll, 125I-[Sar1 ,p '-hpa-Bpa8]Angll and [Sar1 ,Phe\m '-1251,p '-NH2-Bpa8]Angll, we 

attempted to photolabel the hA T2 receptor. Surprisingly, we observed that 1251-[Sar1 ,p '-I-

Bpa8]Angll labeled specifically and qui te efficiently membranes of COS-7 /hA T 2 cells 
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and the labeled protein corresponded to the hA T 2 receptor. On the other hand, 125I-

(Sar1 ,p '-hpa-Bpa8]Angll and (Sar1 ,Phe4,m ._ 1251,p '-NH2-Bpa8]Angll photolabeled hA T 2 

only very weakly. 

The photolabeling of the AT1 and the AT2 receptors could be confirrned by 

Westem-blotting analyzes using the anti-AT I and/or the anti-AT 2 receptor antibodies 

respectively. However, there are no reliable commercially available antibodies, which 

could be used for this purpose. This is the major reason why we discussed our results 

according to the SOS-PAGE migration patterns and photolabeling experiments 

perfonned in presence of receptor type-selective ligands. 

The difference between the AT1 and the AT2 receptors in their ability to be 

photolabeled by 125l-(Sar1 ,p '-I-Bpa8]Angll attracted our attention. By curiosity, we 

decided to radioiodinate another potentially photoactive compound, which we had in our 

library, [Sar1 ,p '-N02-Bpa8]Angll, and to use it as a probe to photolabel both Angll 

receptors. Our results showed that 125l-[Sar1 ,p '-N02-Bpa8]Angll labels sufficiently only 

hAT2 but not hAT1 and its efficiency was comparable to that obtained with 125I-

[Sar1 ,Bpa8]Angll.The p '-N02-substituent of the aromatic ring has electron-withdrawing 

properties similar top '-hpa-Bpa. Incorporation of N02-group within a molecule of Bpa 

should increase its reactivity compared to that of Bpa. This theoretical fact does not, 

however, explain why we were not able to obtain reasonable photolabeling of hA T 1 and 

efficient photolabeling of hA T 2• 
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SERVANT et al. (1997) showed that Bpa8 of 125I-[Sar1,Bpa8]Angll interacted 

with a region between Met128 -Met138 in the 3rd TMD. Our results showed that p '-I-Bpa8 

of 125I-[Sar1 ,p '-I-Bpa8]Angll and p '-NO2-Bpa8 interacted with the same region. CNBr 

digestion of the photolabeled and partially purified receptor-ligand complexes led to 

ligand release. It indicates that p '-I-Bpa8, p '-NO2-Bpa8 and Bpa8 formed covalent bonds 

with either Met128 or Met138 since only Met photolabeled by Bpa with subsequent CNBr 

digestion leads to liberation of the free photoprobe (KAGE et a,., 1996). We have noticed 

some discrepancies conceming molecular mass of CNBr fragments as determined by 

SERVANT et al. (1997) and our results. SERVANT et al. (1997) reported that 125l-

[Sar1 ,Bpa8)Angll-photolabeled rAT 2 submitted to CNBr digestion produced two major 

fragments of MW~ 3.6 and 2.6 k.Da. Our results indicated that the two major bands of 

CNBr digested photolabeld hA T 2 receptor corresponded to fragments of MW ~ 6.5 and 4 

k.Da. We argue this difference in migration of small fragments on SDS-P AGE is due to 

the limits of experimental precission in this range, which may lead to incorrect MW 

determination. The SDS-PAGE resolution of such small fragments is simply not accurate. 

We have confirmed this phenomenon by the fact that the free ligand ( calculated MW ~ 

1.2 kDa), 125I-[Sar1,Bpa8]Angl1 (10,000 cpm), loaded on 16.5% Tris-Tricine 

polyacrylamide gel migrates as 4.2 kDa protein. 

Briefly, we prepared four substituted Bpa-like photoprobes, from which three 

([Sar1 ,p '-I-Bpa8]Angll, [Sar1 ,p '-NH2-Bpa8]Angl1 and [Sar1 ,p '-hpa-Bpa8)Anglij could be 

directly radioiodinated within the Bpa-like moiety, and introduced them into the Angll 

structure. According to the chemical character of the substituents present on the 
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benzophenone group, we can separate this set into two different classes. [Sar1 ,p '-I-

Bpa8]Angll and [Sar1 ,p '-NH2-Bpa8]Angll carry electron-donating substituents, which are 

believed to stabilize the benzophenone radical and decrease its reactivity. [Sar1 ,p '-hpa-

Bpa8]Angll and [Sar1 ,p '-N02-Bpa8]Angll, on the other band, carry electron-withdrawing 

substituents, which are known to increase benzophenone radical reactivity. Thereafter, 

we have used these Angll analogues to photo label the AT I receptor and the hA T 2 

receptor. Our results indicated that despite photolabeling of exactly the same amount of 

receptors, virtually no photolabeling was observed on AT1• However two ligands, 125l-

[Sar1 ,p '-I-Bpa8]Angll and 125l-[Sar1 ,p '-N02-Bpa8]Angll, specifically and with reasonable 

yield labeled hAT2. Furthennore, labeling of mutated hAT2 receptors has shown that 125l-

[Sar1 ,p '-I-Bpa8]Angll and 125I-[Sar1 ,p '-N02-Bpa8]Angll photolabel hA T 2 within the 

same region as 125I-[Sar1 ,Bpa8]Angll. This region corresponds to a portion of 3rd TMD, 

more precisely the segment between Met128-Met138. Furthennore, CNBr digestion of the 

photolabeled receptor led to ligand release, which is believed to be due to direct 

photolabeling ofbenzophenone-moiety on the Met residues from the binding pocket. 

In order to explain our rather contradictory results, we looked again at the 

properties of the Bpa-substituents, which we introduced within its structure and the 

character they confer to the Bpa-like amino acids. The p '-NH2-group is a strong electron 

donor, which is known to decrease the Bpa-reactivity. [Sar1 ,Phe4,m '-1251,p '-NH2-

Bpa8]Angll sufficiently labeled neither AT 1 nor AT z. lt is possible that the p '-NH2-group 

stabilizes p '-NH2-Bpa to the extent that it cannot be excited anymore by UV light or that 

its radical fonned upon UV exposure is not reactive enough. The p '-1-group is a weak 
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electron donor; its influence on photoactive properties of benzophenone should be less 

evident than that of p '-NH2- and p '-OH-substituents. In the literature. the synthesis of p ·-

OH-Bpa. its introduction within SP and photolabeling of the SP receptor has been 

reported (WILSON et al., 1997). lt indicates that p '-1-Bpa should be photoactive. Our 

results showed that the Angll analogue 1251-[Sar1 ,p '-I-Bpa8]Angll did not label AT I but 

labeled AT2. This result confirmed p '-1-Bpa photactivity, which is, however, limited and 

depends probably on the targeted protein structure. 

p '-hpa-Bpa and p '-NO2-Bpa carry electron-withdrawing groups and are long-

wave length chromophores. This should facilitate the radical fonnation and increase its 

reactivity. If we compare the potencies of these substituents to withdraw electrons from 

the aromatic ring, p '-NO2-group is slightly stronger than p '-hpa-group. We can thusly 

assume that the half-life of the radical of p '-hpa-Bpa is longer than that of p '-NO2-Bpa. 

We have already discussed the eventuality of decreased "reactive volume" of p '-hpa-Bpa 

due to shorter half-life of its radical. If so, the half-life of the p '-NO2-Bpa radical would 

be even shorter and the possibility to encounter C-H bond in proximity would be smaller 

compared to that of p '-hpa-Bpa. Our results, however, do not follow these predictions. 

We observed that 125I-[Sar1 ,p '-hpa-Bpa8]Angll did not label any of the AngU receptors. 

On the other hand 125I-[Sar1 ,p '-NO2-Bpa8]Angll labeled specifically AT 2 but not AT 1-

This result confirms the photoreactivity of p '-NO2-Bpa and suggests, according to 

·chemical mies, that p '-hpa-Bpa should be photoactive as well. However, it is possible 

that the highly conjugated system of p '-hpa-Bpa changes its photochemical properties 

and the amino acid does not behave as a Bpa analogue anymore. Moreover, its very bulky 
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structure might also disturb the binding geometry, which is suggested by its reduce 

affinity for the AT 2 receptor. lt is probably the reason, why we were not able to obtain 

any specific photolabeling induced by [Sar1 ,p '-hpa-Bpa8]Angll. 

Our results showed that two ammo acids, p '-1-Bpa and p '-NO2-Bpa, wilh 

different chemical features, kept the photoactive properties of Bpa. However, these amino 

acids exerted some kind of selectivity in their photolabeling abilities. PERODIN (2000) 

constructed Met-mutants in ?1h TMD of the AT 1 receptor, close to the determined contact 

point between Bpa8 of 1251-[Sar1 ,Bpa8]Angll. She noticed, that one of the mutants, 

F293M-hAT1, had increased efficacy of photolabeling compared to that of hAT1-WT. 

When she submitted partially purified photlabeled F293M-hA T 1 to CNBr digestion, she 

observed release of free ligand, indicating that Bpa8 of 125I-[Sar1 ,Bpa8]Angll formed 

covalent bond with Met293 . Taking into account this knowledge, we hypothesized that 

Bpa has increased selectivity for Met labeling and this selectivity is even more increased 

if p '-1-Bpa or p '-NO2-Bpa is introduced in the ligand molecule and used as photoprobe. 

In order to verify this possibility, we photolabeled Met mutants of AT 1 using 125I-

[Sar1 ,p '-NO2-Bpa8]Angll hoping that we could recover photolabeling of mutated AT 1 

receptors induced by this ligand. Our results confirmed this hypothesis and we observed 

that four offive Met-mutants ofhAT1 gained the ability to be covalenty labeled with 1251-

[Sar1 ,p-NO2-Bpa8]Angll. The only mutated receptor, which we did not succeed to 

photolabel with 1251-[Sar1 ,p '-NO2-Bpa8]Angll, was F293M-hA T 1. There is a discrepancy 

between our results and the results of PERODIN (2000). She reported that F293M-hA T 1 
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had increased labeling efficiency by 125I-[Sar1 ,Bpa8]AnglI, when compared to hA T 1-WT. 

We did not see this pattern, however, we were able to obtained high efficiency labeling of 

the mutated receptor by 125I-[Sar1 ,Bpa8]Angll, which indicated that this receptor can be 

photolabeled. lt is difficult to discuss this result, especially since Phe293 was identified as 

a contact point of Bpa8 and hA T 1. Initially, we expected to obtain high yield of 

photolabeling of F293M-hA T I by 125I-[Sar1 ,p '-N02-Bpa8]Angll. For now, we have no 

explanation for this phenomenon and we can only mentioned this results without further 

comments. 

Successful photolabeling of A291M-hAT1, N294M-hAT1, N295M-hAT1 and 

C296M-hA TI with 1251-[Sar1 ,p-N02-Bpa8]AngII, was due to the selectivity of the p '-N02-

Bpa residue to fonn a covalent bond exclusively with Met in its proximity, we partially 

purified the photolabeled, mutated receptors and submitted these to CNBr digestion, 

expecting to detect ligand release. We have identified a low-molecular mass band, which 

was not present upon digestion of 125I-[Sar1 ,Bpa8]AnglI-photolabeled hA T 1-WT. 

However it is not possible to affirm that this band indicates ligand release. In the primary 

structure of the hA T 1 receptor, there is another Met residue presented in the 7th TMD, 

Met284. This Met is also susceptible to CNBr digestion and the fragments of the above 

mentioned mutants of AT 1 consist of about 10 amino acids. The molecular masses of 

those fragments with covalently bound 125I-[Sar1 ,p '-N02-Bpa8]Angll should be ~ 2.4 

k.Da, whereas the free ligand is characterized by MW ~ 1.2 k.Da. As already discussed 

smaller molecular masses cannot be accurately assessed by SOS-PAGE. To overcome 

this problem in the future, we are suggesting two different approaches: 1) construct 
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double mutants of AT 1 receptors with eliminated Met284 and introduced Met close to 

identified contact point between Bpa8 and AT1 (Ala291 , Asn29°', Asn295, Cys296), and to 

photolabel these double mutants by 125l-[Sar1 ,p '-N02-Bpa8]Angll. The fragment resulting 

from CNBr digestion would then be characterized by MW - 5 k.Da (Met243 -Met2q
4 plus 

MW of 125I-[Sar1 ,p '-N02-Bpa8]Angll), which is important enough to be distinguished 

from the mass of the released ligand (1.2 kDa), and amenable for SOS-PAGE. 2) Another 

approach would be the use of more precise high performance size exclusion 

chromatography, which would identify exactly the molecular mass of the fragments. Both 

of these strategies are currently under investigation. 

In a further effort to prove the selectivity of p '-N02-Bpa for covalent bond 

formation with Met in proximity, we substituted Met128 and Met138 from the 3rd TMD for 

Leu or Ala respectively. We hypothesized that the single mutants, M128L-hAT2, Ml38L-

hAT2, Ml28A-hAT2 and Ml38A-hAT2, would have the same or slightly decreased 

labeling efficiency induced by 125I-[Sar1 ,p '-N02-Bpa8]Angll and the same labeling 

efficiency induced by 125I-[Sar1 ,Bpa8]Angll. According to available literature on 

photoafinity labeling, approximately 50% of the identified receptor contact points 

between Bpa-containing ligands and target proteins were identified to be Met. This made 

us suspect that Bpa has an increased selectivity for Met-labeling above other amino acid , 
residue. Looking at the secondary structure of the 3rd TMD of hAT2-WT, Met128 and 

Met138 are approximately 3 a-tums distant from one another. We argued that giving equal 

access of these two Met residues to the p '-N02-Bpa-labeling moiety would result in 

reduced photolabeling of single mutant receptors compared to the photolabeling of hAT2-
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WT (where both Met residues are accessible). On the other band, we expected that the 

double mutants, Ml28,138L-hAT2 and Ml28,138A-hAT2 would lose photolabeling 

induced by 125l-[Sar1 ,p '-N02-Bpa8]Angll. In contrast, photolabeling induced by 125I-

[Sar1 ,Bpa8]Angll should stay unchanged, due to the capacity of Bpa to incorporate into 

non-Met residues. 

However, our results did not go along with these predictions. Photolabeling of the 

single mutated receptors by either 125I-[Sar1 ,p '-N02-Bpa8]Angll or 125I-(Sar1 ,Bpa8]Angll 

gave good labeling but no changes in photolabeling yield, compared to that of hAT2-WT, 

were seen. The efficiency of 125l-[Sar1 ,p '-N02-Bpa8]Angll to label the double mutant 

Ml28,138L-hAT2 remained, however, unchanged compared to labeling of hAT2-WT 

with the same photoprobe. Labeling of the Ala-double mutant Ml28,138A-hAT2 was 

somewhat reduced. On the other band, 125l-[Sar1 ,Bpa8]Angll photolabeling of 

Ml28,138L-hAT2 resulted in reduced yield on Ml28,138A-hAT2. CNBr digestion of 

either 125I-[Sar1 ,p '-NOz-Bpa8]Angll or 125I-[Sar1 ,Bpa8]Angll photolabeled receptors 

confirmed that the single mutants of hAT2 were labeled on the remaining Met-residue, 

since we observed ligand release. No ligand release was detected after a CNBr treatment 

of pbotolabeled double mutated receptors. Fragments obtained from the double mutated 

receptors after a CNBr digestion were characterized by apparent MW ~ 9.5 kDa. This 

fragment appears to correspond to Cys117
- Met170 (calculated MW~ 6.5 kDa), however it 

is not possible to confirm this affirmation further by SOS-PAGE. We have also noticed, 

that CNBr digestion of 125I-[Sar1 ,p '-N02-Bpa8]Angll photolabeled mutated hAT 2 

receptors produced, beside the band corresponding to ligand release (MW ~ 4 k.Da), band 
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of MW ~ 9.5 kDa. This band corresponds to that obtained in CNBr digestion of 

photolabeled double mutated hAT2 receptors (Cys 117
- Met170

). We explain this 

phenomenon as non-complete CNBr digestion, probably due to more difficult 

accessibility or slower reaction of p '-NO2Bpa photolabeled Met. 

Our results confirmed that Bpa as well as p '-NO2-Bpa had increased selectivity 

for Met, however this selectivity was not absolute. We have seen that 125I-[Sar1 ,p '-NO2-

Bpa8]Angll did not label the hAT1-WT receptor but efficiently labeled Met-mutated 

hA T 1 receptors. The same ligand labeled efficiently the hA T 2-WT receptor, as we 

suspected, due to the presence of two Met within the site of attachment. When we 

removed these Met by site-directed mutagenesis, we did not observe complete loss of 

photolabeling which indicated that p '-NO2-Bpa can label other amino acids as well. On 

the other hand, 125l-[Sar1 ,Bpa8]Angll labeled efficiently the hA TI receptor, Met-mutated 

or WT receptors, as well as the hA T 2-WT receptor but lost its ability to label mutated 

hAT2 receptor once the Met residue 128 and 138 were replaced. We could explain this 

phenomenon by increased reactivity of p '-NO2-Bpa radical compared to that of Bpa. 

Such increased reactivity could be expressed as a shorter half-life of the radical. This in 

tum means that the distance, within which it has to encounter a C-H bond in order to 

form covalent bond, is shorter. The reaction radius of Bpa was determined as 3.lA. 

Within this radius, 3.IA for Bpa and< 3. lA for p '-NO2-Bpa, both amino acids, upon 

irradiation with UV light, may form covalent bonds with any C-H bond. We 

hypothesized that in presence of Met at a distance ~ 6A, this radius extends and a 

covalent bond is selectively fonned with the Met residue only. It is possible that the 
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attachment site of the hA T 2 receptor for the position 8 is .. tighter" compared to that of the 

hA TI receptor. That would exp Iain why we were able to observe hA T 2-WT and mutated 

hA T2 labeling but not hA T1-WT labeling induced by 125I-[Sar1 ,p '-N02-Bpa8]Angll. On 

the other hand, once we introduced Met in the site of attachment, the labeling of mutated-

hA TI was recovered due to the already mentioned increase in reaction radius induced by 

the presence of Met. 1251-[Sar1 ,Bpa8]Angll labeled ail receptors with the same 

incorporation yeild. The hAT1-WT receptor would therefore be labeled by 125I-[Sar1, 

Bpa8]Angll but not by 125I-[Sar1 ,p '-N02-Bpa8]Angll due to the larger reactivity radius of 

Bpa. It is more difficult to explain the loss of photolabeling of the double mutated hA T 2 

receptors, Ml28,138L-hAT2 and Ml28,138A-hAT2, induced by 1251-[Sar1,Bpa8]Angll. 

The reason is probably a slightly different orientation of Bpa8 and p '-N02-Bpa8 in the 

binding pocket making it possible for 125I-[Sar1 ,p '-N02-Bpa8]Angll photolabel the double 

mutated receptor on another residue then Met. 

Our study brought, however, three very important findings. We have confirmed 

that the benzophenone radical has increased selectivity to fonning a covalent bond with 

Met. This property allows us to propose the feasibility and utility of a new scanning 

method for determination of contact points between ligands and their peptidergic GPCRs, 

the Methionine Proximity Assay. A putative or suspected contact residue is exchanged 

for Met in the receptor by site-directed mutagenesis and subjected to photoaffinity 

labeling with a benzophenone-containing ligand. Successful incorporation and ensuing 

CNBr-ligand release would suggest physical proximity of those residues. Furthermore, 

p '-N02-Bpa cou Id exert even higher selectivity than Bpa itself if we take into a count its 
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increased reactivity and smaller reaction radius. Such a property would allow us to use 

p '-NO2-Bpa as tool to determine the contact point between a ligand and its receptor with 

higher precision. 

Finally, we confirmed that position 8 of 125I-[Sar1 ,Bpa8]Angll interacts equally 

with Met128 and Met138 from the 3rd TMD of the AT2 receptor. Our study was used by 

DERAET et al. (2001) to construct three-dimensional structures of the Angll-hAT2 

receptor complex based on molecular modeling using the bovine rhodopsine structure as 

a scaffold (PALCZEWSKI et al., 2000). This study showed that Bpa8 is about 5.4A 

distant from both Met in the 3rd TMD. Such a calculation confirmed that it is physically 

possible to obtain equal labeling of residues rather far apart in the binding pocket of the 

receptor ifwe consider an increased reaction radius ofBpa towards Met (Figure 40). 
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Figure 40. Molecular modeling of the hAT 2 receptor on rhodopsine scaffold with 

Angll in CPK representation after energy minimalization(A). Overlay of the 

benzophenone residue of [Sar• ,Bpa8)Angll onto Phe8 of AngU in the energy-

minimized, Angll-bound receptor structure of hAT2 (8). Takenform DERAËT et 

al (2001). 
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CONCLUSIONS 

l) In the first part of the study we have synthesized Angll analogues esterified by 

palmitic acid on Tyr°'. We have shown that these analogues maintain their affinities 

for the AT I receptor despite this introduction of a fatty acid residue. Functional 

studies performed with these analogues demonstrated that the palmitoylated peptides 

have the same intrinsic activities as their non-palmitoylated equivalents, but they are 

characterized by increased duration of actions. We have also shown that all effects of 

these analogues are mediated via specific occupation of the AT I receptor. 

2) In the second part of the study, we have prepared four Angll analogues carrying 

substituted Bpa moiety in position 8. We have shown that three of these analogues 

can be radioiodinated directly within the Bpa-like residue. We have used all four 

analogues to photolabel the Angll receptors and demonstrated that two of those 

ligands, [Sar1 ,p '-I-Bpa8]Angll and [Sar1 ,p '-N02-Bpa8]Angll, selectively labeled the 

hA T 2 receptor. Furthermore, we have proven that this photolabeling selectivity was 

due to a presence of a methionine residue within the site of attachment of the 

position 8 of Angll with the hA T 2 receptor. Our study confirmed an equal 

implication of Met128 and Met138 in the 3ni TMD in binding the C-terminal amino 

acid of Angll and served as a basis for construction of a theoretical model of the 

human AT 2 receptor. 
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