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AbstractÐAnalogues of sarilesin (type I AT1 antagonists), and sarmesin (type II AT1 antagonists) with homoserine (hSer) at
position 8 were prepared and bioassayed. The presence of a Tyr4-Ile5-His6 bend found in sarmesin but not in sarilesin was identi®ed.
The obtained results coupled with conformational analysis studies, using a combination of NMR spectroscopy and computational
chemistry, propose important conformational and stereoelectronic properties for agonist and antagonist activity at AT1 receptors.
# 2000 Elsevier Science Ltd. All rights reserved.

The octapeptide angiotensin II (AII, Asp-Arg-Val-Tyr-
Ile-His-Pro-Phe) acts at receptors of peripheral and
central sites to produce increased vascular resistance
and extracellular ¯uid volume and has been implicated
in blood pressure regulation in both normotensive and
hypertensive states.1 As a result of its biological impor-
tance, AII has been extensively studied since its dis-
covery several years ago. In particular, the spectroscopic
investigations led to models in which the AII carboxyl
terminal region was used to design peptidomimetic
analogues. The synthetic e�ort for such analogues was
rewarded with losartan and other derivatives (SAR-
TANs) that entered the market, while others are in a
clinical trial.2

Our laboratory has been engaged for more than a dec-
ade in the conformation analysis study of AII, its
superagonist [Sar1]AII, and structurally similar peptide
agonists and antagonists. The accumulated experimental
evidence for AII and [Sar1]AII in DMSO supports a
bioactive conformation characterized by (a) a Tyr4-Ile5-
His6 bend, (b) a major His6-Pro7 trans conformer, (c) a

cluster of the side chain aromatic rings of the triad key
amino acids Tyr4, His6, Phe8 which drives the formation
of a charge relay system between Tyr4 hydroxyl, His6

imidazole and Phe8 carboxylate, analogous to that
found in serine proteases. This relay system appears to
be responsible for AII and [Sar1]AII biological activity.3

Arg2 and Sar1 which have been shown from SAR stu-
dies to contribute essentially to the biological activity of
[Sar1]AII protrude also in the charge relay system pos-
sibly interacting through cation-p interactions.4 The
charge relay conformation is supported by the synthesis
and conformational analysis study of the novel con-
strained AII cyclic analogue c-[Sar1,Lys3,Glu5]AII,
which is designed to have as a major molecular feature
the integrity of the aromatic ring cluster.5 This cyclic
analogue was found to possess agonistic activity when
tested in the rat uterus assay and in anesthesized rab-
bits. Structure±activity relationships demand the pre-
sence of Phe8, His6, Tyr4 and Sar1 for [Sar1]AII to
possess biological activity. Therefore, it can be inferred
that the aromatic ring cluster and consequently the
charge relay system formation of [Sar1]AII may be the
key stereoelectronic molecular features to exert its bio-
logical activity. Substitution of Asp at position 1 with
Sar results in an increase in potency of both agonist and
antagonist analogues of AII Ð an e�ect that may be
attributed to an increased binding a�nity as well as an

0960-894X/00/$ - see front matter # 2000 Elsevier Science Ltd. All rights reserved.
PI I : S0960-894X(00 )00079-2

Bioorganic & Medicinal Chemistry Letters 10 (2000) 755±758

*Corresponding author. Tel.: +30-1-7273869; fax: +30-1-7273831;
e-mail: tmavro@eie.gr
yTel.: +30-61-997171; fax: +30-61-997180; e-mail: matsoukas@
patras.gr



increased biological half-life of the peptide. Removal of
Sar1 resulted in a dramatic loss in biological activity of
AII agonists and antagonists.

Two types of antagonist analogues have been identi®ed
from structure±activity studies. Type I antagonists are
obtained by replacing the Phe8 residue by an aliphatic
one (e.g. Ala, Ile) and are characterized by slow receptor
dissociation rates. The conformational properties of
these analogues di�er from those of AII because they
lack the Tyr4-Ile5-His6 bend.5,6 Type II antagonists are
produced by methylating or omitting the Tyr hydroxyl
group in [Sar1]II and are reversible and competitive
antagonists. [Sar1,Tyr(Me)4]AII (sarmesin) is a proto-
type type II antagonist.7

In a previous study it was found that sarmesin adopts a
folded conformation characterized by a His6-Pro7 trans
conformer, a clustering of the side chain aromatic rings
of aminoacids Tyr(Me)4, His6 and Phe8 and a proximity
of Sar1 or Arg2 with the cluster.8 Removal of Sar1

resulted in [des1]sarmesin which showed the presence of
an aromatic ring cluster and a dramatic loss in biologi-
cal activity in comparison with sarmesin. Substitution of
the Arg2 residue of sarmesin with Sar abolished
antagonist activity.9 However, the ability of sarmesin to
form Tyr4-Ile5-His6 bend as it was observed with AII
was not investigated. Based on these data, new mole-
cules were designed and synthesized with the aim to get
more information on the conformational properties of
the C-terminal domain. In the present paper the C-
terminal aminoacid of sarmesin or sarilesin were
replaced with hSer and the pharmaceutical signi®cance
of the C-terminal domain was further investigated.

Table 1 shows the biological activities of the various
sarmesin and sarilesin analogues synthesized in the pre-
sent study. As it is evident from the obtained data for
the nine peptides listed in Table 1, the N-terminal resi-
due sarcosine is required for antagonist activity since its
removal results in inactive peptides.

In the type I antagonist Sarilesin replacement of Ile8 by
hSer results in a strong antagonist (pA2=7.8) indicating
the ability of the receptor to accommodate a polar
hydroxyl group at the C-terminus side chain.

Type I/II hybrid AII antagonists are produced by the
simultaneous substitution of Phe8 by an aliphatic amino

acid and methylation of phenolic hydroxyl group of
Tyr4. Whereas [Sar1,Tyr(Me)4,Ile8]AII is a weak
antagonist (pA2=6.6), [Sar1,Tyr(Me)4,HSer8]AII has
furthermore reduced antagonist potency (pA2=5.7)
indicating that the receptor cannot tolerate two changes
at positions 4 and 8.

The investigation of the presence of a Tyr4-Ile5-His6

bend was preliminarily investigated in the two proto-
type antagonists sarmesin and sarilesin by 1D NOE
spectroscopy. Thus, selective irradiation of sarmesin His
CaH resulted in intensity enhancement of the Tyr(Me)
CaH. Interestingly, the dipolar correlation between His
CaH and Tyr(Me) CaH was also found in [des1]sarme-
sin a peptide in which the ®rst aminoacid Sar is missing.
An analogous NOE was missing for sarilesin.

The activities of the designed molecules were found as
anticipated based on proposed models of AII, sarmesin
and sarilesin. According to the proposed model of
sarmesin there is a trans His6-Pro7 conformation, a
Tyr(Me)4-Ile5-His6 bend and a side chain cluster
between Tyr(Me)4, His6 , Phe8, Sar1. The Tyr(Me)4-Ile5-
His6 bend and the aromatic ring cluster between
Tyr(Me)4, His6 and Phe8, is not a�ected by the presence
of Sar1 as NOE results point out the same cluster in
[des1]sarmesin. This illustrates the signi®cance of the
extended side chain cluster between Tyr(Me)4, His6,
Phe8, Sar1. Substitution of Phe8 with other aminoacids
resulted in the loss of Tyr4-Ile5-His6 bend and aromatic
ring cluster formation and therefore in activity as it is
observed in the novel synthetic compounds (Fig. 1).10

Replacement of AII Phe8 with other aliphatic amino-
acids leads to the type I antagonists with di�erent bio-
logical pro®le than type II antagonists. The biological
importance of aminoacid 8 is not restricted in type II
antagonists but also in type I antagonists. In the proto-
type anatagonist sarilesin the Tyr4-Ile5-His6 bend was
not observed and the aromatic ring cluster is not pre-
sent. Peptide antagonists of type I seem to adopt a more
loose conformation and may act through a di�erent
subsite of a receptor (Fig. 2).

In an attempt to design potent antagonists and agonists
the results showed the strict molecular requirements for
peptide agonist activity. In particular, peptide AII ago-
nists must have a Tyr4-Ile5-His6 bend, an extended side
chain cluster between Tyr4, His6, Phe8, Sar1 and or Arg2

which is accompanied by a relay system between Tyr4,
His6, Phe8. In the type II antagonists a Tyr4-Ile5-His6

bend and an extended side chain cluster between
Tyr(Me)4, His6 , Phe8, Sar1 and or Arg2 is observed.
Absence of or partial formation of the above mentioned
molecular clustering results in abolishment or decrease
of their antagonist activity. In the type I antagonists
among the above molecular feature only a partial clus-
tering can be observed i.e., between Tyr4 and His6.6 This
points out di�erent structural requirements between the
two types of antagonists.

The signi®cance of these observations is evident. Based on
the stereoelectronic properties for agonist and antagonist

Table 1. Rat uterus biological activities of sarilesin, sarmesin and

their analogues containing homoserine at position 8

Analogue Antagonist activity (pA2)

[Sar1, Ile8]AII (sarilesin) 8.1
[Sar1, hSer8]AII 7.8
[hSer8]AII 6.7
[Des1, hSer8]AII <4.8
[Sar1,Tyr(Me)4]AII (sarmesin) 7.5
[Sar1,Tyr(Me)4, Ile8]AII 6.6
[Sar1,Tyr(Me)4, hSer8]AII 5.7
[Tyr(Me)4, hSer8]AII 5.4
[Des1,Tyr(Me)4, hSer8]AII <4.8
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activities, novel synthetic peptidomimetic compounds
can be synthesized that their molecular architecture can
deviate from those of losartan. It remains to the syn-
thetic chemists to open a new avenue and take advan-
tage of the new ®ndings.
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