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Molecular modelling of the vasopressin V2 receptor/antagonist
interactions*®
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We predict some essential interactions between the V2 vasopressin renal receptor
(V2R) and its selective peptide antagonist :Ieuﬁlyg-m[cnl.l}-ﬂez,lle"]ﬁw, and com-
pare these predictions with the earlier ones for the non-peptide OPC-36120 antago-
nist- and the [Argslvunpressln (AVPF) agonist-V2 receptor interactions. VZR contrals
antidiuresis in mammals and belongs to the superfamily of the heptahelical trans-
membrane (7TM) G protein-coupled receptors (GPCR)s. VZR was built, the ligands
docked and the structures relaxed using advanced molecular modeling techniques.
Both the agonist and the antagonists (no matter whether of peptide- or non-peptide
type) appear to prefer a common V2R compartment for docking. The receptor amino-
acid residues, potentially important in ligand binding, are mainly in the TM3-TM7
helices. A few of these residues are invariant for the whole GPCR superfamily while
most of them are conserved in the subfamily of neurchypophyseal receptors, to which
V2R belongs. Some of the equivalent residues in arelated V1a receptor have been ear-
lier reported as critical for the ligand affinity.

The nonapeptide hormone vasopressin V2 receptor (V2ZR). V2R and the other three
(CYFQNCPRG-NH;, AVP) regulates the renal structurally related neurophyseal hormone re-
water absorption via the interaction with the ceptors (NHRs), viz. the vascular V1a and the
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pituitary V1b AVP receptors (ViaR and
VIbR, respectively), and the oxytocin recep-
tor (OTR), form a subfamily within the large
superfamily (of > 1000 members) of G protein-
coupled receptors (GPCRs), the most
abundant class of transmembrane mediators
of information from external stimuli
(neurotransmitters, hormones, odorants,
light) to intracellular second messenger
systems. Although no details on the GPCR
architecture are known at the atomic
resolution level, a recent significant progress,
including both the low (6 A) resolution
structure of rhodopsin (RD) [1] and the multi-
sequence analysis [2], prompted the develop-
ment of perhaps the most rational under the
circumstances strategy for the GPCR model-
ing [3, 4]. The strategy includes in a self-
consistent way the 6 A resolution structure of
RD [1], the multiple sequence alignments [2]
and the numerous experimental intramolecu-
lar geometrical constraints known for RD,
and leads eventually to the TTM sequences
and arrangement characterized by the total
root-mean-square (rms) deviation of 1.6 A tak-
ing into account the C* atoms [3]. The model,
even if chiefly applying to RD, provides a good
start for modeling other 7TM receptors, given
the sequence homologies among various
GPCR subfamilies.

All four NHRs, while having their 7TM do-
mains discernibly homologous with RD, share
a high degree of sequence identity among
themselves [5, 6], particularly within their

transmembrane (TM) domains TM2, TMS3,
TM6 and TM7, the extracellular loop EL1 and
the C-terminal part of EL2, where the identity
reaches 87% [5, 6] and thus warrants an as-
sumption of similar recognition and binding
modes for the agonists in all NHRs. Major dif-
ferences occur in the intracellular loops (IL)s
and correlate with receptor’s linking to a spe-
cific second messenger systems: V1aR, V1bR
and OTR to the Gg/q; protein/phospholipase
Cf tract while V2R to the G, protein/cAMP
system [7].

In this work we intend, using molecular mod-
elling, to analyse possible docking modes of
one of the most selective V2R peptide antago-
nists, desGly’-{Mca' DIle? lle*]AVP [8); to
compare it with the docking modes of the se-
lective non-peptide V2R antagonist OPC-
31260 [9] and the agonist AVP [10] and finally
to locate the V2R residues potentially respon-
sible for antagonist binding, for further verifi-
cation of their biological role via mutagenesis-
affinity studies in the future. The affinity data
[11] for the ligands discussed in this work and
the molecular topology of OPC-31260 (item 4)
are given in Table 1.

METHODS

The 7TM domain of the human V2R was ob-
tained from the Swiss-Model protein model-
ing server [4], given the helix alignments in
agreement with those proposed by Baldwin [2,

Table 1. Affinity and selectivity [11] of the neurophyseal hormones and the antagonists discussed in
this work toward the neurophyseal receptors. Affinities K4 (nM) for agonists are in bold, for antago-

nists in italic.

Ligand * ' " Via

Vib V2 oT
1 AVP 1.7 3.2 0.4 1.6
2 0T 56 251 89 1.9
8  desGly™[Mca',DTle? leJAVE 5.2(pAz) - 2.8 =

o, ‘Clw m;() 1200 = 14 -

*No highly selective V1b ligands or highly selective V1a/V2 agonists exist.
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12]. The loops and the amino domain were
built using the SYBYL suite of programs [13].
Initial ligand docking was attained in several
ways, taking into account the complementar-
ity of the electrostatic potentials in the V2R
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extracellular cleft (vide infra) and around the
ligand. The systems were relaxed by the con-
secutive use of minimisation and constrained
simulated annealing (CSA) protocols in vacuo,
with all but the 7TTM C* atoms free to move.
Optimal ligand docking modes were selected
from a critical comparison of the ligand/re-
ceptor interaction energy terms (as those
given in Fig. 1) against conclusions on biologi-
cally relevant V2R residues, arising from
structure-activity data [8, 9]. All non-standard
amino-acid residues (including OPC-31260, di-
vided into 3 “residues”, see Fig. 1B), were
parametrized in accordance with the recom-
mendations in the AMBER 4.1 manual [14].
In particular, the charges were optimised by
fitting them to the ab initio molecular electro-
static potentials (6-31G* basis set, GAMESS
molecular orbital program package [15] for
several conformations of each new residue,
followed by consecutive averaging the charges
over all conformations, as recommended in
the new RESP protocol [16]. Details of the
modeling and computations are described

TM4 T™S
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Figure 1. The maps of the receptor-ligand contacts, typical of the averaged structures.
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elsewhere [10]. Computations were done us-
ing AMBER 4.1 suite of programs [14] on ei-
ther an SGI Power Challenge 8xR10000 or an
IBM SP2 15xPOWER2 supercomputers. The
images for presentation were prepared using
the MolMol program [17].

RESULTS

Any GPCR modelled to the RD template [3,
4] has a deep (about 21A) cleft on the extracel-
lular side, surrounded by TM3-TM7 with a
narrower extension towards TM2, The cavity
ends up with a floor made of mainly hydropho-
bic residues TM3:M123, TM4:L170, TM5:
V213,F214 and TM6:W284,F287 F288 in
V2R. The cleft is big enough to accomodate
the pressin ring of AVP and its analogs, and
even more so, to fit the OPC-31260 molecule.

Despite starting from several conformations
and/or docking configurations for the ligand,
most of the simulations ended with the dock-
ing modes converging to one typical of
V2R/AVP [10]. Meanwhile, we have also
found that the V2R/OPC-31260 docking mode
implicates the same V2R cavity and a subset
of the V2R amino-acid residues typically in-
volved in the peptide ligand docking [10].

Figure 1 (continued)

Since OPC-31260 is much thinner than the
AVP pressin ring, CYFQNC, it cannot fill the
entire V2R cleft and adheres anywhere to t.he
TMS-’I'M'? cawty wall. Typical VﬂRﬁdesGly -
[Mca Dﬂe I]e”"]A‘JP contacts are shown on
the interaction map in Fig. 1C. For compari-
son, similar contacts for VZR/AVP and
V2R/0PC-31260 are given (Fig. 1, Panels A
and B, respectively). Notice that the maps
clearly indicate that desGly®[Mca®,D-
Te? Tle"]AVP lacks the 9th amino-acid residue
(Gly) and that OPC-31260 is partitioned into
only 3 “amino- acid” residues. From F1g 1 1t is
alsa clea:l_-,r seen that desGly 9 [Mca! ,D-
Tle? Jle*]AVP and AVP mostly involve com-
mon V2R residues for similar pairwise inter-
actions.

Thus, TM3:V115 is in a close contact with
the AVP:C1-C5 dlsu]ﬂde and, similarly, with
the desGly®{Mcal,pTle? lle*JAVP:Mcal-C6
moiety; TM3:K116 is in a close contact with
the peptide ligands’ residues 1-6; likewise
TM3:Q119 and M:124 contact ligands' resi-
dues 1,2 and 2,3, respectively. This list could
be countinued up to TM7; a careful inspection
of Figs. 1A and C should suffice instead. On
the other hand, it is remarkable, as can be no-
ticed from Fig. 1B, that the OPC-31260 an-
tagonist, while being immersed in the V2R

The contours represent the closest distances between pairs of residues with inereasing shading for decreasing dis-
tance, in accordance with the scale on the right. Horizontal axis: successive residues of V2R, with the sequences in-
terrupted where the receptor-ligand contacts exceed 9 A. As the TM helices are marked, it is clear that EL1-EL3 cor-
respond to the central sections of the strips from the top to the bottom, respectively, Vertical axis: ligand amino-acid
sequence (numbered 331-340) with OPC-31260 being partitioned into three “amino-acid” residues at the two pep-
tide bonds, N(CHz)' 5 nmrlung the ‘C—termmus Le. the 333rd residue. Panel A: V2R/AVP. Panel B: V2R/0PC-
31260. Panel C: \FERfdeaG-l:,' -[Mea’ D-Ile Ila IAVP. The V2R sequence, with the putative TM helices underlined,

supplements the Figure.

MLMASTTSAV PGHPSLPSLP SNSSQERPLD TRDPLLARAE LALLSIVEVA VALSNGLVLA &0
ALARRGRRGH WAFIHVFIGH LCLADLAVAL FOVLPOLAWE ATDRFRGPDA LCRAVEYLOM 120
VGMYASSYMI LAMTLDRERA ICRPMLAYRH GSGAHWNRPV LVAWAFSLLL SLPQLFIFAQ 180
RNVEGGSGVT DCWACFAEPW GRRTYVIWIA LMVEVAPTLG IAACQVLIFR ETHASLVEGE 240
SERPGGRRRG RRTGSPGEGA HVSAAVAKTV RMTLVIVVVY VLCWAPFFLV QLWAAWDPEA 300
PLEGAPFVLL MLLASLNSCT NPWIYASFSS SVSSELRSLL CCARGRTPPS LGEQDESCTT 360

RSSSLAKDTS S



Figure 2. Stereodiagrams of the relaxed docking modes.

Only the receptor extracellular halves are shown. V2R is gray and the ligand black. The interacting receptor resi-
dues (see Fig. 1) are marked and their side chains exposed. Panel A: VZR/AVP. Panel B: VZR/0PC-31260, Panel C:
V2R/desGly™-[Mca’,p-1le* 11e*JAVP.
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cavity by approximately two helical turns shal-
lower than the peptide ligands, still interacts
with the subset of the same V2R residues (see
Fig. 2).

In Fig. 2 are shown stereo images of the
same V2/ligand complexes. All V2R interact-
ing residues are marked so that the signifi-
cant receptor-ligand interactions can be seen.
Both the agonist and antagonist V2R/peptide
complexes exploit their potentials for nonpo-
lar interactions between the ligands’ N-
terminal 1-3 amino-acid triad and the hydro-
phobic floor at the bottom of the V2R extracel-
lular cavity, and simultaneously develop nu-
merous polar and nonpolar interactions with
the walls of the cleft. Major interactions, com-
mon to both AVP and desGiyg *[Mcal,nﬂez.
le*]AVP involve on the V2R part TM3:C112,
V115-K116,Q119, M123, TM4:Q174, TM5:
V206,A210,V213, TM6:W284,F287F288,
Q291 and TM7:F307,L310,A314, N317 (see
Figs. 1 and 2.) The hydrophobic Mca! 85
pentamethylene moiety fits snugly a hydro-
phobic pocket formed by TM3:V115 and
TMT7:L310 and A314.

DISCUSSION

Even though the ligand/ELs interactions are
quite apparent in Fig. 1, we do not attribute to
them much significance since the loop confor-
mations resulting from CSA in vacuo appear
to a great extent circumstantial [10]. We hope
to cope with this feature in future simulations
including the phospholipid membrane.

OPC-31260, despite being much smaller
than a peptide ligand and thus fitting many
places within the V2R cavity (including the ex-
tension toward TM2) prevailingly choses
a compartment common with the peptide ago-
nists. OPC-31260 typically orients itself so
that its long axis is nearly vertical and its
HN(CHg)"s involved in a (bifurcated) ion
bridge with one (two) of the numerous nega-

1998

tively charged Asp and/or Glu residues in ELs
(see Fig. 1B). In this regard, it is interesting to
notice that EL2 contains three carboxylates in
V2R and two in V1aR, which may bear on the
increased V2R/V1aR selectivity of the OPC-
31260 analogs having a cationic group in the
equivalent place [18].

Regarding deaGljrﬁ-[Mcal,D-]]ez,]]e“]MJ’P, it
is seen that its Mca® §,8-pentamethylene moi-
ety, a requisite for the antagonism towards
both AVP and OT receptors [8], cannot confer
a selectivity since the tight pocket it takes
(TM3:V115 and TM7:L310 and A314, see
above) is conservative among all NHRs. On
the other hand, the two features potentially re-
sponsible for the V2R/V1aR selectivity could
be: (i) an interaction between antagonisi's [4
and TM4:A210 and (ii) a weakened (relative to
the agonist) interaction between residue 2 (D-
Ile in the antagonist) and TM7 (see Figs. 1 and
2).

The tendency for all three ligands to dock
within the same compartment of the V2R ex-
tracellular cavity, suggests a simple competi-
tive mechanism for the antagonism towards
V2R by both desGly*{Mcal D-lle? Ile*]AVP
and OPC-31260. The V2R amino acid residues
involved in ligand binding are invariant or
conservative (marked with a ‘¢’ below) for the
NHR subfamily: (TM3:V115-K116,Q119,
M123, TM5:V206¢c, A210¢,V213¢c, TM6:F288,
Q291 and TM7:F307¢c,A314¢c) or even invari-
ant over the whole GPCR superfamily (TM3:
C112, TM4:Q174, TM6:W284,F287 and TM7:
N317). The invariant {conservative) residues
within the NHR subfamily may be pertinent to
ligand binding while the invariant over the
whole GPCR superfamily may have to do with
the signal transduction, putatively universal
for the whole GPCR superfamily. Our results
on agonist docking agree with those obtained
by Mouillac et al. [19] for a related AVP/V1aR
system. Moreover, some of the eguivalent
V1aR residues have-already been found criti-
cal for the ligand affinity.
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