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Structure-activity investigations correspond to a very ancient preoccu
pation which has over and over again been re-stated and refined in its meaning. 
Since Che discovery of enzyme-substrate complexes with the extension to the hormonal 
field, leading to the hormone-receptor complex two points became clear : 

1 - The active site or receptor site of the target possess three dimensional 
structure characteristics allowing specificity of binding of the agonist or 
substrate molecule. 'fhe*»o characteristics originate from folding of the target 
molecule and might imply spatial proximity of groups located for apart in the 
extended representation of that target molecule. As a consequence, it is very 
likely that the forcer; allowing the binding of the hormone, or substrate, are 
not located in a plane but rather in three dimensions. The hormone or substrate 
should, therefore be represented in three dimensions also, a requirement which 
met with difficulties, the latter increasing with the degree of flexibility of 
the molecule considered. 

2 - Associated with the proper binding, appears the biological response. The latter 
is triggered either as a direct consequence of the binding process as in often 
the case in small molecules, or as a consequence of interactions of certain 
specialized groups of the molecule not necessarily required for the specific 
binding with defined areas of the receptor site as is frequently found with 
peptide (I). But, in both cases, binding and triggering can be foraaly distin
guished. This is the basis underlaying the node of action of many antagonists, 
defined as competitive antagonists. 

Thus a first approach to the structure-activity relationship relies upon 
the study of changes converting an effector into a competitive antagonist. Such 
changes can be considered in a first approximator not to alter the binding process 
and point to parameters important for the triggering process. 

On the other hand, modifications of the primary structure of the effector 
which lead to a lowering or to abolition of the activity are of ambiguous signifi 
cation, tinea no choice can be conveniently made between alteration of Che binding 



or alteration of the triggering processes. 

More direct evidence should be obtained, by measuring the binding sépara-* 
tcly or by competition with the labelled and active drug. This type of investi
gations has been carried out extensively, allowing to define the functional groups 
important for binding. 

However, one wishes to know why it is so. This raises the question of the 
three dimensional structure of the effector. Several remarks are appropriate at that 
stage t 

A compound is soluble in a solvent only if it is surrounded by solvent 
molecules, attached tighly enough to prevent auto-association leading to the solid 
state. If one is dealing with a polypeptide the same situation holds and the various 
groups of the amino-acid side chains as well as the peptide backbone are targets 
for the binding of solvent molecules, particularly water, in aqueous solution. As 
thi« solvation tends towards completion the peptide molecule tends towards the most 
extended configuration. 

On the other hand, various groups present in the effector molecule might 
interact together leading to intramolecular bonding and therefore to privileged 
conformations. Thus,the fina. situation will result from the balance between intra** 
molecular and solvation forces. Accordingly any changes in the solvent will induce 
changes in the conformation of the effector. 

When the effector is actually associated to its receptor site, its 
immédiate environment is the receptor molecule, most of the solvent being removed. 
The conformation of the effector, specially in the case of a polypeptide, is thus 
necessarily different in the bound state, as compared with the free state in aqueous 
solution. 

Therefore experimental progresses can follow two lines of approach. The 
direct line would correspond to a study of the effector in the bound state, provided 
the molecule of effector can be differenciated from the molecule of receptor. This 
is feasible by the use of , 3 C , a stable isotope of l 2 C . Since the 1 3 C possesses a 
spin, NMR technics can be employed as analytical tool. Chemical shifts of the •^C 
enriched C atoms, their geminal coupling constants might indicate the proximity of 
charged groups, of polar groups or of aromatic rings. The vicinal coupling constants, 
describing the coupling of the gyrouagnetic moments of carbons separated by 3 bonds, 
might define *C-C>C-*C, a dihedral angle, a very important parameter in conforma
tional studies. 

15 13 
Finally, the N- C coupling constants lead to similar and often comple

mentary informations. 

In addition to these measurements, relaxation times are of great interest. 
The degree of flexibility of a part of the associated effector can be determined. 
Moreover when an atom oscillates between two environments where the relaxation time* 
are différents, its relaxation times reflect the process, as do the shifts of a non 
spherical atom between symetrical or non symetrical electronic surroundings. 

This direct approach requires several conditions. The most difficult is to 
posses» an active, solubilized receptor molecule in quantities high enough to 
prepare at least 10-20 ml of JO"* M solution. The second, consists in the synthesis 
of the effector labelled with , 3 C in the proper positions. In the ease of poly
peptides, it means the synthesis of a family of identical peptides containing one 
' 3C enriched amino-acid at a time in successive positions in the molecule. The NMR 
technique will then examine one section of the associated peptide, a study very 
similar to Che classical process of microscopisc looking at successive sections of 



a tissue. Ac the end of this analysis, one is in position to reconstitute the whole 
conformation (2). 

To day, there is only one example of an experimental study following this 
line because of the inherent difficulties of the technics used. It concerns the 
conformation of ocytocin bound to neurophysin and is in its preliminary stage (3). 

The second line of approach is an indirect one. It consist to investigate 
the conformations of the effector and a variety of its analogs in solution, changing 
the characteristics of the solvent. This set of studies el lows to define the confor
mational potentialities of a given effector. If one assume that there is a comple
mentation between the conformation of the effector in the vicinity of the receptor 
and the conformation of the receptor site, one may test the gross validity of the 
effector conformation defined in a given solvent by the following process : one 
compares the conformations of a série of effector analogs or fragments and their 
capacity to bind specifically to the receptor site. A good parallelism between the 
two sets of data is not a proof, but the best available argument to day for postu
lation a close relationship between the conformation found in solution and the true 
conformation at the receptor site (4)(5). This approach allow a rationalization of 
the structural alteration of the effector and might be cross-checked by comparing 
changes of predicted influence and experimental results. 

The techniques available to study conformation in solution are multiple 
and should be utilized in conjonction. A selected example will be given here in the 
case of a peptidic hormone, angiotensin II. 

1 - Before studying any polypeptide in solution, one has to make sure that it is in 
a monomeric form at least in a given range of concentration. To establish this 
point, one may check the linearity of optical properties absorption or ellipti-
city, at various wave lengths, for increasing concentrations of the peptide. 
These measurements are possible in general at low concentrations, since at high 
concentration, the optical properties are out the range of the instruments. At 
higher concentrations, 10~3, to IO~l M, the molecular weight can be directly 
measured either by sedimentation or by light scattering (6). 

2 • A first and important approach to the conformational potentialities of a peptide 
is afforded by circular dichroism. There are three main types of chromophores 
the peptide bond, the aromatic side chains and the sulfur atoms. Each, when 
present, contributes to the ellipticity of the peptide. The ellipticities of a 
given chromophore, is a refloction of the electronic influence to which the 
chromophore is submitted. Therefore a circular dichroism spectrum of a peptide 
is a composite spectrum resulting from the oloobrlc addition of all the bonds 
present. This fact explains why circular dichroism is often difficult to utilize, 
since the amount of information present is too great to be analysed. For instance 
the circular dichroism spectra of angiotensin II, when dissolved in aqueous 
solution (7) lacks of the simple characteristics required for interpretation, 
not because they are absent, but because they are too numerous «(Figure I) 

A simple change in temperature, which reduces the strength of the hydrogen 
bonding, both by the solvent and between fonctionnai groups of the peptide 
reveals a trend toward structuration, assigned to the pre-eminence of hydrophobe 
bonding. Further evidence in this respect is afforded by replacement of phenyla
lanine, located in C terminal position, by alanine. The removal of the aromatic 
ring prevent* the structuration following a raise in temperature. 

These observations suggest that reducing the polarity of the solvent might 
reveal the presence of intramolecular forces. After several attempts to find a solvent 
dissolving effectively angiotensin II an altogether transparent in the far U.V., tri-
fluorosthanol vat investigated. In trifluoroethanol solution, angiotensin II appear* 
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Fig. I - Circular dichroism spectrum of angiotensin II (—•— •) In aqueous 
solution pH 6. For estimation of the ro'e of aromatic chromophores 
the spectra of (phenylalanine 4 ) angiotensin II (——) and of a mix
ture of histidine, phenylalanine tyrosine and proline ( ) are 
reported. 

highly structured, to the extent that it could even be crystallizod (8). The confor
mation adopted by angiotensin II in this environment, is typical of a 0 conformation, 
which can be safely assigned to a cross 0 type since the peptide is not aggregated. 
(Figure 3). 

With this experiment the basis wore laid for further conformational studies, 
trying to define whero Is or are the turn(s), how do the side chains Interact, what 
holds the cross 0 conformation together (9). 

A general way to invostigate these questions is to examine a series of trun
cated peptides, starting from the N-terminal, then from the C terminal end, on one 
hand, and a série of analogs in which ami no-acids are replaced by others, on the other 
hand (10). This approach requires a cooperation w«rk with peptide chemists, and re
presents the basis for selected heavy isotopes enrichement. In comparing peptides 
of increasing size, one should romain aware that the relative ratio of chromophores 
varies, and in particular the ratio between the aromatic and peptldo chromophores. 
The CO contributions of the former might thus distort the general CO spectra and 
great care should be exercized in interpretation. Furthermore the sign as well as 
the Intensity of aromatic chromophoros might change according the surrounding in
fluences, following laws which are not understood yet. These basic difficulties as 
well as the lack of precision concerning the pnptiJo chromophore contributions 
outside the three typical and theoretically Investigated arrangements called o helix, 
0 conformation and random structure underline the present limitations of circular 
dichroism analysis. However, there are favorable cases, as In angiotensin II. 
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fig. 2 - Circular dichroism spectra of angiotensin-11 at various temperature. 
Aqueous solutions at pH 6. The spectra are recorded at equilibrium 

and the changes observed are reversible. 

Figure 4 Indicates that the N terminal part of angiotensin II has no natural 
ti ldency to adopt a privileged conformation, since the CD spectra of the 1-2 to the 
1-6 peptides reflect the sum of random peptide contributions plus those of the ty
rosine side chain, when present. 

In trifluoroothanol solution, as soon as the 7* n residue, proline. Is added 
to the peptide, a cross B conformation appears, pointing to the inducing role of 
proline. Addition of the last ami no-acid phenylalanine does not alter much the spec
trum, the slight differences observed between the 1-7 and the 1-8 peptides being 
attributed to the contribution of the C-terminai aromatic side chain. 

Some comments are necessary to account for the role of the C terminal proline. 
The bend Introduced by the -His-f'ro-OH peptide bond very likely allows an inteiac
tion between the terminal carboxyl group and the terminal amino group ; th's înter-
action alone is certainly not sufficient, but favoring both hydrogen bonding between 
backbone peptide groups and hydrophobic interactions, it takes part to a cooperation 
of forces holding the cross 6 conformation together. Experimental support for the 
Interpretation of the priming role of proline has been collected by studying the 
Influence of other solvents. For instance, ore can choose solvents allowing a stronger 
ionisation in order to investigate the role of electrostatic Interaction or solvents 
of neutral and aprotic character to examine the possibilities of hydrogen bonding. 
Thus, changing purposely the environment helps in unravelling the informations con
tained In CD spectra. 
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Fig. 3 - Circular dichroism spectra 
of angiotensin II in trifluoro
ethanol solution ( — ) . For infra
red spectrophotometry, dry films of 
angiotensin II were also prepared 
and their CO spectra also recorded. 
One example is reported here ( ). 

Fig. 4 - Circular dichroism spectra 
of the truncated N terminal peptides 
of angiotensin II in trifluoroethanol 
solution. 

The CO spectra of the second seriesof peptides corresponding to the C terminal 
end, dissolved in trifluoroethanol,ore given by figure 5. Their Interest is to observe 
that the 5-8 tetrapeptide has already a folded conformation. The role of proline In 
this case in inducing a 0 conformation results from promoting a hydrogen bond between 
the NH- of phenylalanine and the ~C«0 of histidine, defining a seven membered ring. 

In addition, the phenylalanine side chain very likely interacts with the 
valine, protecting the hydrogen bund partners from solvation, To support this hydro
gen bonded seven membered cycle are the NMR data showing the characteristic behavior 
of the solvent protected phenylalanine NH proton (Figure 6). 

It Is Interesting to compare the CD spectrum to that of N-acetylprollneamlde 
which presents, In trifluoroethanol solution, a negative band centered at 230 nm, but 
no intense positive band at 200 nm. It has been demonstrated by Madison and Schellman 
(11) that N acetylprolinesmlde dissolvod in dioxane is folded on Itself, directing one 
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Fig. 5 - Circular tMchroism spectra 
of the truncated C terminal peptide 
of angiotensin I I in triffuoroothanol 
solution. 
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Fig. 6 - Cross 3 conformation of the 
5-8 tetrapeptide I leu-His-Pro-Pho. Tne 
hydrogon bond between the histidme 
carbonyl oxygen and the phenylalanine 
amide proton defines a 7 mombored cycle ; 
this hydrogen bond is protectod from 
solvent approach by the phenylalanine 
ring, and stabilized by an electrostatic 
interaction between the end charges. 

amide proton towards the acetyl -C»û, in a soven memberod cycle the some holds in 
trifluoroethanol (12). Thus the 5-0 tetrapeptide and N-acetyIprolinoamide have essen
tially the same intramolecular hydrogon bonding. The difference concerns the substi
tution of the amide nitrogon in tho totropeptide, by opposition with the situation 
in N-acetylprolineamido, leading to a difference in the peptide chromophore as well 
as to the addition of the phenylalanine aromatic contribution. 

Figure 5 Indicates that tho progressive construction of the angiotensin II 
molecule preserves the general foatures of the tetrapeptide spectrum, with variations 
in the intensities of tho band. Analysis of the CD spectra in the aromatic region 
leads to a more precise interpretation of the influence of a sequential addition of 
the aminoaefds residues. Without goinginto the details (10) It appears that the 2.8 
heptapeptide has a more compact ft conformation then both the hexapeptide 3-8 and 
angiotensin II itself. 

This conclusion means that in addition to the -Hls-Pro-Phe turn around the 
Pro residue there is another structure implying the proceeding eminoacids. 

Direct evidence is apported by CO measurements In hexafluoroisopropanol. 

L-i. 



The spectra of tho truncated N terminal peptides are reported In figure 7, showing 
that the 1-7 heptapeptide is definitely more structured than angiotensin II. Moreover 
when the hexafluoroisopropanol soiution of angiotensin II is diluted with water, the 
CO spectra demonstrate first an enhancement of structuration, then a decrease. 
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Fig. 7 - Circular dichroism spectra of the truncated N terminal peptides 
of angiotensin II, in hexafluoroisopropanol, an acidic solvent, which 

reduces the stability of hydrogen bonds. 

Being more acidic than trifluorocthanol, hexafluoroisopropanol allows a 
partial Ionisation of the 1-7 terminal amino and cnrboxyl groups Introducing a strong 
electrostatic bond between the head and the tail of the molecule. The 1-7 peptido, 
lacking phenylalanine, Is not able to form the C terminal turn described for angio
tensin II, between the histidine carbonyl and the phenylalanine amino group. The 
structure observed in figure 7 results from the participation of the amlnoacids in 
tho N terminal moiety and Indicates a turn somewhere between residues n*2 and 6. When 
the C terminal phenylalanine is present, an additional turn is possible around the 
proline residue, as described above. Phenylalanine in this case Is not locked into 
the same position, and the result of this double possibility is a reduction In the 
proportion of tho structured states. Addition of water to an angiotensin II solution 
in hexafluoroisopropanol promoting dissociation of both the solvent and the lonizable 
groups of the peptide, re-Inforces the electrostatic interaction, thus reducing the 
choice offered to phenylalanine. A dramatic stabilization of a 3 conformation thus 
is observed. 
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Vlce-versa, when, in hexafluoroisopropanol solution the N terminal aspartlc 
acid Is removed, the electrostatic binding possibility Is shifted and a destablllza-
tlon of the 8 conformation Is observed. 

These remarks point to the fact that In hexafluoroisopropanol a solvent able 
to weaken Intramolecular hydrogen binding as a result of its acidic properties, elec
trostatic attraction between N and C terminal Ionized groups might Induce and coope
rate to the establishement of hydrogen bonds between peptide chromophores located 
between residues 2 and 6. 

When the solvent Is less polar as In trlfluoroethanjl, the hydrogen bonds are 
stronger and the electrostatic Interaction weaker, conditions in favor of a stable 
hydrogen bonded turn In the N torminal moiety of angiotensin II. Under these condi
tions, removal of the aspartlc acid residue, leading to the 2-8 heptapeptide enhances 
the compactness of the molecule as observed by its CO spectrum. 

A global picture of the angiotensin II molecule dissolved In trifluoroethanol 
encompasses thus two turns, one in the N terminal moiety, another in the C terminal 
part and there around the proline residue. Both turns are maintained cooperatively by 
hydrogen and by hydrophobic bonds. The side chains of valine', valine or Isoleuclne^ 
and phenylalanine* participate to 1ne hydrophobic bonds. The side chain of aspartic 
acid" Is weakly hold In space by an Interaction between its free amino group and the 
carboxyl group of phenylalanine. 

A strong support of such a picture Is afforded by hydrogen deuterium exchange 
measurements performed In trlfluoroethanol solution. Recent results (13) Indicate 
that In average, 3 peptide amide hydrogen atoms exhibit a very slow exchange at 20°. 
One of those can be safely assigned to the phenylt'anine NH, whereas the two others 
are localized between arginino and histldlne amides, participating thus to the stabi
lity of the N termina! turn. 

It should be remembered that even In trlfluoroethanol the molecular conforma
tion of angiotensin II remains flexible, especially at the level of the side chains. 
It Is Important In this respect to point to the limits In the meaning of the term 
"B conformation". It Is likely that a variety of arrangements In the Intramolecular 
hydrogen bonds will confer to the peptldic chromophores very similar el IIptlei ties 
and It Is therefore probable that what Is observed reflects an enveloppe of closely 
related conformations rather than a single one. 

Increasing the polarity of the solvent, and/or Its acidity, modifies the 
balance of forces as discussed above. The conformational chants occur I ng under those 
conditions can be depicted as a broadening of the conformational enveloppe. 

In the field of regulating molecules v.hich have to be rapidly directed towards 
different targets It might well be an advantage to bo a small peptide transported In 
an aqueous medium. The constellation of conformations simultaneously present certainly 
favors a rapid Interconversion in the vicinity of tho binding sites allowing a rapid 
adjustment of the Incoming flexible molecule to Its target. 
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