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Clustening analysis {5 applied to a sample of Angiotensin-11 congorma-
lons obtadined grom a Monte-Canlo procedwre. It (8 shown that 5 families o4
conformations can descrhibe entinely the sample. Each family can be represen-
‘ed by a typical confoamen. Two o4 these Last models are predominant (n the
descrndption of Angiotensin-T1 (n acidic solutions. These theornetfical models
cre An agreemeat with recent exeperimental resulits.

The linear octapeptide Angiotensin-II (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe)
has been the subject of extensive investigations owing to the broad range of
biological activities presented by this hormone (1). As the three dimensional
structure of this potent pressor substance might be the key for the under-
standing of its interactions with its receptors in various tissus, numerous
conformational studies (see 2-6 and references therein) have been devoted to
chis peptide and to analog molecules. As concerns the behaviour of the pep-
-ide hormone in solution, the conformations obtained from theoretical or
>xperimental works present large differences, and no single model is consis-
rent with all available data. In such a situation, it is unavailing to be-
licve that only few conformations are present in solution as no particular
e gives general agreement with experiments. The hormone ought to be con-
sidered as an extremely flexible molecule presenting a large amount of pos-
sible conformational states. Such a large number of conformations in equili-
srium can explain the range of observations and the modifications of the
conformational properties from one solvent to another. In such a situation,
the usual computational approaches to molecular conformations using mini-
nization of the conformational energy are irrelevant and only statistical
or molecular dynamic computations can satisfactorily be used to tackle

such problems.
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We have recently proposed and used a Monte-Carlo sampling method for cailcu-
lations of molecular conformations (7,8). Applied to the simulation of the
conformational behaviour of Angiotensin-II in aquecus solution at several
pH, this procedurc allows us to get statistical samples of conformations
presenting averages in good accordance with cxperimental 1H-nmm data. But
as it is difficult to depict molecular models from these averages, it is
necessary to get a usable description from the information contained in
the whole Monte-Carlo sample . This can be achieved by clustering analysis,
searching for groups of conformers with similar three-dimensional proper-
ties. These conformational families are easicr to handle in further ana-
lysis as their number is limited and their properties more general than
that of single individual conformers. The present paper deals with such an
attempt applied to the determination of valuable conformational models of

Anglotensin-1I in acidic aqueous solutions (pH range from about 1 to 4).

METHOD

The method which has been wsed here (8 roughly simclar to the proce-
dune presented (n a previous paper (9). The sample of moleculan conforma-
tions which has been analysed comes from the Monte-carko algon(thm applcd
to polypeptide chains (8) and (s made of n = 2184 difberent congoumations.
To each of these conkowmations a population wumben w. (5 associated (0 such
a way that T n.=10000 the total wnumben of conformakions genenated in the
Monte-Canko callulations {one can note that these 10000 congormations cons-
titute a good nepresentative sample {n the case of the wndmodal d{strnibu-
tions obtadned fon shott polypeptide chains at acidic pH). T4 the parameters
descndibing the moleculan geometny (bond €engths and bond angles) are consd-
doned as fixed, a melecularn conformation can be degdned wethen by (s varia-
ble dihednal angles, on by a set o4 varndable (nteratomic distances. 1t has
been shown [10) that the wse of dihedral angles (n clusterning analysis of
melecular conformations (ntroduces difflcudties, thus the only welevant pa-
rametens consdidered hene to descndibe conformations are (nter-atemic distan-
ces. This means that the conjormational space of Angévtensin-11 {s conside-
wed {n the clustering analysdis as m damens{onal, whene wm nepresents the
number of distances between sefected pains of atoms. As in a med{um-s(ze
melecube such as Angiotensin-11 the amount of possible vaiiable nten-ate-
mée distances (n too Laxrge, preliminany anabysis are wnecessary to determine
the wsefull distances whichdescnibe the conformational space with a goed
accunacy. For this purpose, wsuad stafistics {means, conrefations,...),
discniminant analysis and several hierachical clustering methods werne §(ust
applied on the (nitial sample of n confjormations taking {nte account all
the variable (nteratomic distances (n the molecule. As a nesult of these
caleulations, it appearns that a subsct of 23 distances carnny the major part
a4 the conjormationad {(nfoumation (the 21 et-c? distances, the N- and
C-terminals end-to-end distance, the Tg14—Pﬁo Tl anematic side-chain con-
trodds distance). Among these 23 distances, tﬁc tatest twe are the mest
disendminant and the most independent ones.

No clusterndng program cnsures the usen to reach the best possible part(-
tlon o4 the analysed data, thus the application and (nteapretation of
clustening algonithms arne dependent cn the experience and peasplicacity
04 the wsen (11-12). Te avodld such difficulties and to measurne the val (-
dity of the partitions obtadined, scuernal clusterding methods based on
different algordithms [13-18) where used with the same data. The £inal
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clustens of conformations retained are stable fon at Least 3 different
approaches. When the "best" parntition of the conformational space {5 ob-
tained, each family of conformations (s analysed 40 that comparnison with
experimental data can be done.

RESULTS AND DISCUSSION

The sample of molecular conformations built from the Monte-Carlo pro-

cedure is well separated into five stable clusters. Table T gives the mean
values of the end-to-end and Tyr4-Phe8 side-chain centroids distances in
each group of conformers. Compact conformations with distant aromatic
rings pointing outside are found in cluster N°1 which represents only a
small amount (5 %) of all the analysed structures. Cluster n°2 includes
25 % of the conformations and is characterized by extended conformations
and by the larger distances between the Tyr4—Phe8 rings. The features of
the conformations found in cluster n°3 (15 %) are the relative positions
cf the aromatic side-chains which are close together with almost parallel
rings while the backbone remains in a quite extended form. The conforma-
tions found in cluster N°4 (25 %) present a compromise between extended
and folded chains : one can find in this group a small amount of confor-
nations folded at the N-terminal with the remaining residues extended, and
conformations folded at the C-terminal with the other residues extended.
Cluster n°5 is the most important with 30 % of the sample and is built
from the most extended chains with distant aromatic rings.

Looking now back to the usual (¢,¥,{x}) dihedral angles distributions
in each of the families defined above, one can calculate their means and

standard deviations using a procedure adapted to periodic variables.

TABLE I
Mean end-to-end and Tyr4—Phe8 side-chain centroids distances in the
clusters.
] End-to-end o Tyr,-Phe, side-chain o
Clusters Pistance (A) cen;roidﬁdistances (A)
1 9.8 14.9
2 21.3 15.8
3 19.6 6.9
1 17.8 12.9
5 23.4 12.6
in the whole 20.5 12.8
sample
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TABLE 11

(¢, ¢, 1} Dihedral angles (IUPAC conventions) which characterize the typical three dimensional structure in

each cluster of conformations.
Clusters As'n1 Argz \'al3 TyrA Ile5 Hi56 Pro7 Phe
: [ i T i bl it b [ 4 i v &
N° 135 - 145 120 ~ 70 150 - 65 - 45 - 90 150 50 90 1o 140
N°2 180 - 165 130 ~ 70 155 - 85 145 - 65 135 - 160 90 - 30 100
N°3 180 - 1860 125 - 90 180 - 85 145 - 100 35 - 170 170 135 135
N4 180 - 165 130 - 75 150 - 85 145 - 80 130 70 90 130 100
N°5 175 - 165 115 -135 150 - 85 145 - 140 150 =~ 155 90 150 40

“hese values can be used to associate with each group of conformations a
“ypical three-dimensional structure representative of most of the featu-
es of the family and defined in a suitable and simple way. These typical
conformations represent usable conformational models which mimic the be-
wviour of Angiotensin-II in acidic aqueous solutions, and can be compa-
red to experimental data or to other proposed conformations. The (¢,)
values which define these typical models are given in table 11 and the
associated conformations arc pictured on figure 1. Using the statistical
weights n, associated to each conformation and the weight of the family
to which it partakes (the percentages given above), one can associate to
each cf thesc typical conformations a weight describing its representa-
tivity in the sample. From these calculations on can easily see that the
most probable conformations are in clusters 3 and 4. One can also calcu-
late NMR coupling constants for the amino-acid residues using as usually
(8) a Xarplus-type formulae and compare calculated values with experimen-
tal data. The J(HN'HCfW) calculated for each family of conformers as well
as those obtained from the whole sample (8) or f{rom the mixture of the
typical conformations fre given in table III. For the last case the agree-
ment between calculated and observed coupling constants is very good and
even the larger differences noted for ile and Phe are in the range of
experimental precision. 1f the (4,y) angles as well as their standard
deviations for each residue in each family are plotted on the usual Rama-
chandran (4,¢) map, it appears that

- conformations belonging to cluster n°1 are characterized by the fact
that the Tyr1—(¢,w) angles are in the N region and the His6—(¢,w) angles
in tne oy one,

- conformations in cluster n® 2 are defined by (¢,1) angles in the ex-
tended £ region, except for the Pro,, residue which is in the wa, one,

. . oL e
- the Ile. residue of the conformations in cluster n® 3 is in a C7q

5
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;\ CLUSTER N° 1 g CLUSTER N° 2

A

A

CLUSTER N° 4 CLUSTER N° 3

CLUSTERN® 5

{igure 1

Typical conformations in cach cluster.
Only the N-C'-C' atoms of the peptide backbone are ribbon-like represented,

as well as the Tyr, and Phc‘g aromatic side-chains.
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TABLE III

J(HN—ch) coupling constants calculated with the clusters of conformations.

J
HN—HCw
Asnl Arg2 Val3 Tyr4 lle5 Hls6 Pro7 Ph98
Calculated
in clusters :
N°1 - 9.7 5.4 4.5 9.0 5.5 - 10.3
N°2 - 6.4 5.4 8.2 4.5 7.3 - 10.3
N°3 - 7.3 9.0 8.2 10.3 5.4 - 10.8
N4 - 6.4 6.4 8.2 7.3 5.5 - 10.3
N°5 - 6.4 10.8 8.2 10.3 8.2 - 1.0
Calculated
from the
- 2 -
whole Monte— 6.6 7.9 7.6 7.2 6.1 8.0
Carlo sample
(8)
Calculated
from the
weighted ty- - 6.6 7.8 8.0 8.0 6.7 - 7.5
pical confor-
mation
From experi-
mental data :
Ref. (19) - 6.5 7.9 7.2 8.0 6 - 7.3
Ref. (20) - 6.7 7.6 8.0 5 7. - 7.5
Ref. (21) - - - 8.1 8.5 6 - -

structure, all the others being in the B region, with a fully extended
(CS) conformation for the His0 residue,

- all residues have their (¢,$)} angles in the R region for conformers
in cluster n° 4 except for the Hisb amino-acid which has an o position
as in cluster n° 1,

- in conformations of cluster n°5 the backbones of all the residues
are extended, with two possibilities for the Phe8 residue which can also
take an YR conformation.

When these results are compared with available experimental data, it
appears that a good agreement is obtained with the most recent of them

Fluorescence-energy transfer studies which have been carried out
recently by Schiller (2) on analog molecules indicates that Tyr4-zrp8
distances are of about 12 A, and end-to-end distances of about 17 A,
which is in good agreement with the results obtained in cluster n° 4
which contains most of the probablc conformations. Nevertheless, it

should be noted that conclusions presented in a previous paper (8)
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vere alreadyoacceptable as they were based on a mcan end—to—eng distance
of about 20 A and a Tyr4-Phe8 side-chain distance of about 13 A. These re-
sults were interpreted as due to an equilibrium between scveral conforma-
fions and not to a time-averaged prefered conformation or to a random coil
‘n which no defined group of conformers can be depicted.

. The weakly folded conformations in the C-terminal part of the mole-
cule proposed by Schiller (2) and other authors can be explained by the o
conformation of His6 residuc. The small amount of conformers folded in
rthe C-terminal observed in the present study is not indicative (at acidic
pH) of the situation described by Schiller with folded conformations in the
J-terminal and, to a lesser degree, in the (-terminal part of the molecule.
“his difference can he due to the introduction of Trp] instead of Asn1
which can modify the equilibrium betwcen the different fumilies and increa-
ze the amount of folded conformations in cluster n°1.

. The recent proposal of Lenkinski et al. (3-4) who interpret their
‘esults 1n term of a dominant threc-dimensional structurce presenting a
qu-—cg conformation for the Ileg—His3 fragment can also agree with our
findinéS as such structures corréspond to the typical conformation of clus-
ter n°3.

It can thus be concluded that Angiotensin-IT in acidic solutions pre-
sents an ecquilibrium mainly between 2 different families of conformers
ind that experimental data are mean values. The conformational groups ohtai-
wed from the clustering of Monte-Carlo samples allow the determination of
nolecular models which can well represent these conformers as averages cal-
culated with the models are in very good accordance with cxperimentual

neasurements.
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