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The linear octapeptidc Angiotensin-II (Asp-Arg-Val-Tyr-Ile-His-Pro-Pht) 

11a.s been the subject of extensive investigations owing to the broad range of 

I)iologIcal activities presented by this hormone (1). As the three dimensional 

,;tructllre of this potent pressor substance might be the key for the under- 

.;tanJing of its interactions with its receptors in various tissus, numerous 

I-onformational studies (see 1-6 and references therein) have been devoted to 

:his peptidc and to analog molecules. As concerns the behaviour of the pep- 

: idc hormone in solution, the conformations obtained from theoretical or 

,sperimental works present large differences, and no single model is consis- 

tent with all available data. Jn such a situation, it is unavailing to be- 

t icve that only few conformations are present in solution as no particular 

,ne gives general agreement with experiments. The hormone ought to he con- 

jidered as an extremely flexible molecule presenting a large amount of pos- 

sible Iconformat ional states. Such a large number of conformations in equili- 

2rium (can esplnin the range of observations and the modifications of the 

zonformntional properties f-rom one solvent to another. In such a situation, 

the us11a1 computational approaches to molecular conformations using mini- 

nization of the conformational energy are irrelevant and only statistical 

lr molecular dynamic computat-ions can satisfactorily be used to tackle 

such problems. 
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WC have recently proposed anJ used ;1 Monte-Carlo sampling method for calcw 

lations of moleculx conformations c-7,8). .Qplied to the simulation of the 

conformational behaviour of kgiotensin-II in aqueous solution at several 

pH, this procedure allows us to get statistical samples of conformations 
1 

presenting averages in gooj accordance Gth experimental H-ME? data. Iiut 

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 c3n be achicveci by clustering analysis, 

searching for groups of conformers with similar three-ilimensional proper- 

ties. These coriformational families are easier to handle in further ana- 

lysis as their number is limiteci anJ their properties more general than 

that of single indivi&al conformers. The present paper deals with such an 

attempt applied to the determination oi- valuable conformational models of 

.i\ngiotensin-II in aciclic aqueous solutions (~11 range from about 1 to 3). 

PIETHOD 



Vol 112, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

RESULTS AND DISCUSSION 

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

cedure is well separated into five stable clusters. Table I gives the mean 

values of the end-to-end and Tyr4-Pheg side-chain centroids distances in 

each group of conformers. Compact conformations with distant aromatic 

rings pointing outside are found in cluster No1 which represents only a 

small amount (5 \) of all the analyscd structures. Cluster no2 includes 

25 “, of the conformations and is characterized by extended conformations 

and by the larger distances between the Tyr4-Pheg rings. The features of 

the conformations found in cluster 11’3 (15 00) 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 confolma- 

tions found in cluster N”4 (25 3) 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 no5 is the most important with 30 “u of the sample and is built 

from the most extended chains with distant aromatic rings. 

I,ooking now back to the usual ($,:$,1x1) 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 

Yean end-to-end and Tyr4-Pheg side-chain centroids distances in the 

clusters. 

Cll6ters 
End-to-end 0 Tyr,-Phe, side-chain O 
IJistani‘c 01) sentroid distances (.A) 

1 9 . Y 13.9 

7 21.3 15.5 

3 19.6 b.9 

4 17.8 12.9 

in the whole 
sample 

JO.3 12.8 
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TABLE II 

conventions) which characterize the typical three dimensional structure in 

Clusters 
ASll, A%* 

-- 
\'a1 

3 TYrq  Iles His6 Pro, Pheg 

,. :; f ;' ,? i, 8 I !  ,+ I' , ! ,  
-- 

SOI 135 - 145 120 - 70 150 - 65 - 45 - 90 150 SO 90 110 - 140 

N”? 180 - 165 I30 - 70 155 - 85 145 - 65 135 - 160 90 - 30 - 100 

N”3 180 - lb0 125 - 90 180 - 85 I45 - 100 55 - 170 I JO 135 - 135 

No4 180 - I65 130 - 75 I50 - a5 14s - 80 130 70 90 130 - 100 

N”5 175 - 165 115 -135 150 - 85 145 - 140 150 - 155 90 150 - 40 

Yhese values can be used to associate with each group of conformations 3 

-:ypical. three-dimensional structure representative of most of the featu- 

#-es of the fmily and defined in a suitable and simple way. These typical 

~:onfonnations represent usable conformational models which mimic the be- 

laviou-r Of Angiotcnsin-II in acidic aqueous solutions, ani] can be compa- 

red to experimental data or to other proposed confolmations. The [Q,,:L) 

values which define these typical models are given in table ]I and the 

:Issociated conformations arc pictured on figure 1. Using the statistical 

weights ni associated to each conformation and the weight of the family 

to which it partakes (the percentages given above), one can associate to 

each of these typical coniormations a weight describing its reprcsenta- 

tivity in the sample. From thes e calculations on can easily see that the 

most probable conformations are in clusters 3 and 4. One can also calcu- 

iate NIR coupling constants for the amino-acid residues using as usually 

[8) a k&plus-type formulae and compare calculated values with experimen- 

tal d.lta. The J(HN-11C c> ) calculated for each family of conformers as well 

as those obtained from the whole sample (8) or from the mixture of the 

typical conformations are given in table III. For the last case the agree- 

ment between calculated and observed coupling constants is very good and 

even the larger Llifferencts noted for Ile and Phe are in the range of 

experimental precision. If  the [u$,$) angles as well as their standard 

deviations for each residue in each family are plotted 011 the USLM~ Rama- 

shantlran ( @,<I‘) map, it appears that : 

- conformations belonging to cluster noI are characterized by the f:lct 

that the Tyr,-(a,$) angles are in the ~LR region and the His6-($,‘l:) angles 

in tne N. 
I, 

one, 

- conformations in cluster no 2 are defined by (I+,$) angles in the CX- 

ten&d B region, except for the Pro7 residue which is in the cxR one, 
eq - the Ile5 residue of the conformations in cluster no 3 is in 3. C7 
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CLUSTER No 1 

CLUSTER No 4 CLUSTER No 3 

1 rigure 

Typical conformations in each cluster. 

Only the N-C’ - C’ atoms ol the peptide backbone are ribbon-l ihe represented, 

as well as the Tyr 
1 

and PhC~ sromntic side-chains. 

343 



Vol. 112, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE III 

J(HN-HCu) coupling constants calculated with the clusters of conformations. 

J 
“IcHet 

Asn, Arg2 Val 
3 TYr4 Ile5 His6 Pro7 Phe8 

Calculated 
in clusters : 

NOI 9.7 5.4 4.5 9.0 5.5 10.3 

No2 6.4 5.4 8.2 4.5 7.3 - 10.3 

No3 7.3 9.0 8.2 10.3 5.4 - 10.8 

No4 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 .o 

Calculated 
from the 
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 
pica1 confor- 
mation 

From experi- 
mental data : 

Ref. (19) 6.5 7.9 7.2 8.0 6.0 7.3 

Ref. (20) 6.7 7.6 8.0 8.5 7.0 7.5 

Ref. (21) 8. I 8.5 6.6 

structure, all the others being in the 6 region, with a fully extended 

(C 
5 

) conformation For the His 
b 

rcsiduc, 

- al 1 residues have their [$,$I angles in the fi region for conformers 

in cluster no 4 escept for the His6 amino-acid which has an ‘iI, position 

as in cluster no 1, 

- in conformations of cluster no5 the backbones of all the residues 

arc extended, with two possibilities for the Phe8 residue which can also 

take an t’R 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-Trpg 

distances are of about 12 .i, and end-to-end distances of about 17 i, 

which is in good agreement with the results obtained in cluster no 4 

which contains most of the probable conformations. Nevertheless, it 

should he noted that conclusions presented in a previous paper (8) 
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Lerc already acceptable as they wese baseJ on 3 mean end-lo-end distance 
0 0 

of aboLt 20 A and a Tyr -Phe side-chain distance of about I3 A. These rc- 
4 8 

alts were interpreted as due to an equil ihrium between scvernl conformn- 

1 ions 2nd not to 2 time-averaged prcfered conformat ion or to ;I r-andom coi 1 

‘II which no defined group of conformers can he depicted. 

. The weakly folded conformations in the C-terminal part of the mole- 

cule proposed by Sshiller (2) and other ;ud~or-s can be csploined by the ‘I, 

c.onformation of His 6 residue. The small amount of confomers folded in 

l-he C-terminal observed in the present study is not indicative (at acidic 

])HJ of the situation described by Schiller with folded c‘onformat ions in the 

:J-termjnal and, to ;I lesser- ile~rce, in the C-terminal part of the moleiule. 

“his difference can he clue to the introductjon of Trp, instead of Asn, 

which an modify the equilibrium between the di fferent fani ies and increa- 

:;E the amount of folded conformations in cluster 11’1. 

. The recent proposal of Lenkinski et ~11. (.T-3j who interpret thei~ 

-csul t:; in term of a dominant three-dimensional structure presenting R 

11:” - Ci; conformat ion for the I leg-lli sh t‘ra~gnment can also agree with 0111 

windings as such structure5 correspond to the typical conformcitioti of clt15- 

:er nO.5. 

It ian thlls be concluded that klgiotensin-II in xidic sollltions pre- 

;ents an cqrtilihrium~ mainly between 2 different families of conformers 

ukt that experiment31 data arc mean v:iltles. The sonformst ion:11 groups ohtai - 

icd front the clLlstering of Monte-Carlo 5xnpIcs al low the dctermin:~tion of 

nolecular model5 which can we1 1 represent these confolmor5 ns averages cal- 

2llnt0.l with the models are in very r‘l ~loocl clcsord:uiic ki th csper-imcnt:ll 

nexur~3nent5. 
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