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SUMMARY 

A 178 hydroxy function on the D ring is a common part of natural steriods which have estrogenic 
or androgenic activity. Crystal structures of such steroids show that there are two possible directions 
for hydrogen bonds to the 178 hydroxy function whatever the activity of the molecule, If similar 
interactions occur on binding to the biological ‘receptors’ it is proposed that the specificity of activity 
(estrogen or androgen) might result from the uarticular geometry of the A ring area of the steroids 
ielatiie to this par; oi the-molecule. 

INTRODUcTION 

The main natural steroids hormones with estrogenic 
(estradiol) and androgenic (testosterone, androstano- 
lone) activity have a 17/I hydroxy function on their 
pentagonal D ring. The principal conformational dif- 
ferences occur in the A ring of the steroid which is 
aromatic for estrogens and satured or has a C,& 
double bond for androgens. 

The 178 hydroxy function of these molecules seems 
to play an important role in the binding to specific 
carrier proteins such as sex Steroid Binding Protein 
(SBP) [1] or Testosterone Binding Globulin (TeBG) 
[Z]. Even in the case of ‘receptor’ proteins the penta- 
gonal D ring of an estrogen or androgen steroid can- 
not be modified in any way without an important 
decrease of the affinity. However the binding of hor- 
mones to its receptors seems rather more complicated 
than their binding to carrier proteins. Thus the pros- 
tatic ‘cytosol receptors’ allow the binding of pro- 
gesterone and cyproterone [3] and the uterine ‘cyto- 
sol receptors’ bind non steroid molecules like diethyl- 
stilboestrol, benzestrol, cyclofenyl, etc. [4]. 

In previous papers we suggested an explanation for 
the structure-affinity relationship which may occur 
between estradiol and other non steroid estrogens [S, 
61. In the present paper, we examine the geometry 
of hydrogen bonding involving the 178 hydroxy func- 
tion in the hope of elucidating conformational prefer- 
ences. 

EXPERIMENTAL 

The crystal structures of a great number of estrogen 
and androgen steroids have been studied and the mol- 
ecules fall into two groups: 

*Presented at the Round table: Steroid, during the 
annual meeting of the French Association of Crystallogra- 
phy in Liege (May, 1975) 
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the first with a 178 hydroxy function (group I) 
1,3,5(10)-estratriene-3-17-diol (Estradiol), [73, 

ca c91; 
17/?-hydroxy-4-androsten-3-one (testosterone), 

ClOl, Cl119 cw; 
17/?-hydroxy-5-androstan-3-one (androstano- 
lone), [13], [14]. 
See-androstane-3fi 17P-diol [ 151; Scc-andros- 
tane-3cc, 17jLdiol [ 161; 
17j?-hydroxy-l9-nor-androst-4-en-3-one(l9-nor- 
testosterone) rl7] ; 
18 methyl-1,3,5(10)-estratriene-3117p-diol (1% 
methylestradiol) [lS] 

The second (group II) 

without such a function 
3-hydroxy-1,3,5 (lo)-Estratrien-17-one (estrone) 
[19] for which we have determined 3 different 
crystal forms 
1,3,5 (lo)-estratriene-3-17cc-diol (isoestradiol) 

c201 
or where the environment of the 17b hydroxy 

group is modified 
1,3,5 (lo)-estratriene-3-16cr_17fl-trio1 (estriol) 

I31 
All structures were determined by X-ray analysis 

using data collected on automatic diffractometers 
using the CuKcr radiation. Except for references [12] 
and [21] which correspond to structures determined 
in other laboratories all the determinations and 
refinements were performed on a CII-IRIS 80 com- 
puter. The main crystallographic results were 
reported elsewhere, and we discuss below only 
directly relevant crystallographic results. 

RESULTS 

Nearly all the 17p-hydroxy steroids, have at least 
one hydrated crystalline form. Anhydrous crystal 
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forms were also described for testosterone [ 121 and 
androstanolone [14]. It was not possible to obtain 
hydrated crystal forms for 5a-androstane-38. 17[&diol. 
The association between steroid and water molecule 
seems very stable and it is sometimes very difficult 

to avoid the hydrated crystal forms. For example the 
hydrated monoclinic forms of androstanolone [ 131 
and testosterone [lo] may be obtained from a ben- 

zene solution. and in order to crystallize the estra- 
diolLpropano1 complex [S] we had to de-hydrate the 

commercial estradiol for several days in a drying 
oven. Although the observed hydrated forms corre- 
spond to quite different space groups (monoclinic 

P2, for androstanolone. testosterone, Sx-andros- 

18 ‘fl 

tane-3/Ll7/Sdiol; orthorhombic P7,2 I 2 for zstradiol 

and P2,2,2, for tcstosteronc) and crystal packing ar- 
rangements, the position of the water molecule is 
always the same in relation to the steroid hormone. 

The hydrogen bond with the 17/I hydroxy group 
forms in such a way that the water molecule lies 

between two hydrogen atoms of the C( 1X) angular 
methyl group of the steroid. For the complex cstra- 
dial-propanol the position of the water molecule is 
occupied by the oxygen of propanol. In the anhy- 
drous crystal forms obtained for testosterone and 19 
nortestosterone the 17/j hydroxy function of the ster- 
oid is linked to the 3-one function of another steroid 
by a hydrogen bond and the position of the O(3) 
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ESTRADIOL PROPANOL 
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I ANOROSTANOLONE ANHYOR. I 

TEST0 ANHYOR. L 

ANDROSTANOLONE Hz0 
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B 

TEST0 I P 211 Hz0 
TEST0 ANHYOR. II 
TESTOiP2,212,)H20 
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L NOR TEST0 II 
l8METHYL ESTRPOIOL 

Fig. 1. Orthogonal projections of D ring on the plane C(lS-C( l3)-C(17). The ditrcrent external points 
are the spatial positions occupied by the atoms linked to O(17) by hydrogen bonds in steroid crystal 
structures. Full square (W) is for water molecules. Full circle (0) for hydroxy groups, light circle (0) 
for carbonyl groups and full triangle (A) for amino groups. Distortions are observed from the ideal 
water position, when strong constraints are endured by the bound molecules as is the case of the 

urea molecule involved in 5 different hydrogen bonds. 
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oxygen is close to the position of the water in the 
hydrated crystal forms. The only exceptions are for 
molecule I of testosterone (P2,2r2,) and androstano- 
lone 1 and II. Even if the environment of the D ring 
is modified e.g. by changing the C(18) angular methyl 
group into an ethyl group the oxygen of the solvent 
molecule is located at the same place [18]. We may 
define such a position by its distances to the oxygen 
of the 1’78 hydroxy function (hydrogen bonds between 
2.70 and 2.90 A) and to the angular methyl group 
(Van der Waals between 3.60 and 3.80 A); the di- 
hedral angle round the C(13K(18) bond C( 17)- 
C(13)-C(lX)-W) lies between 0 and 8”. 

When a second hydrogen bond is formed with the 
17/I hydroxy function it occurs in a less well defined 
area without extra Van der Waals contacts with the 
C( 18) methyl group of the steroid. These observations 
are illustrated in Fig. 1 which shows two orthogonal 
projections of the D ring and of the bound atoms 
linked to the 178 hydroxy function. 

Conversely we have never observed such an ar- 
rangement in the different crystal structures of group 
II. In Fig. 2 all the positions of the atoms bound 
by hydrogen bonds to the O(17) atom are shown. 
Most hydrogen bonds are established on the L-X side 
of the steroid molecule in a similar way to the second 

ESTRONE 1 

17a ESTRAOIOL It 

rESTRONE II. 
174 ESTRAOIOL I 

1) 

w-2-- 
SCALE 

Fig. 2. The same as Fig. 1 for group I. We carry on using a D ring with a 17p hydroxy function 
as in Fig. 1 although the 0117) function may be a 1% hydroxy or a 17 0x0 one. -Note that for 
estriol the presence of another attractive hydroxy group in t6n compietely destroyed the normai 
approach of the 17p hydroxy function as in estradiol. This difference might be an explanation of 

the weak affinity (about l/IO of the estradioi one) of estriot for the estrogen receptor. 
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Fig. 3. Possible directions of interaction for the 17p hyd- 
roxy function. 

‘undefined’ bond observed for the unaltered 178 hyd- 
roxy function. Thus, in replacing the 178 hydroxy 

function by a 17~ hydroxy or a 17-one fupction, or 
in adding a 16cr hydroxy function to the steroid we 

disturb the hydrogen bonds and change the role of 
the C(18) angular methyl group. 

Figure 3 summarises the possible interactions 
occurring with the 178 hydroxy function: the black 

arrow shows the specific hydrogen bond, whereas the 
white one gives the mean direction of the unspecific 

bond. 

DISCUSSION 

The best description of steroid-receptor interac- 
tions would be given by the three dimensional struc- 
tures of the receptors with the steroids in the active 

site; but this is not possible in the near future due 
to difficulties in extraction of pure receptor molecules. 
With this lack of information we are obliged to pro- 
pose an hypothetical model on the basis of observed 
crystal interactions. The relevance of such a model 
must be checked by further biochemical or biological 

experiments. 
The presence of similar hydrogen bonds in many 

different crystal environments makes it reasonable to 
suggest that corresponding interactions exist on bind- 
ing of steroid hormones to their protein receptors. 
These results are consistent with two hypotheses for 
the binding process. 

On the one hand, for an estrogen receptor a water 
molecule may be necessary for the activity of a steroid 
molecule as suggested by the similarity between the 
oxygen 0(3w(W) distance observed for estradiol 
(12.24 A) and the oxygen-oxygen distance in the 
potent synthetic estrogen diethylstilbestrol (12.13 
E\) [22]. The active estrogenic hormone would be the 

* In such an hypothesis, if the binding sites for DES 
and estradiol on receptors are identical we have to admit 
different binding schemes for the two molecules. 

complex estradiol--water Instead of estradiol alone. 

An increase of binding with a longer 17/j function 
that occupies the water site would confirm such an 
hypothesis. 

A more interesting hypothesis is suggested by the 

analysis of the crystal structure of the estradiol--pro- 
panol complex. The alcohol molecule has exactly the 
same location with regard to the 17[j hydroxy func- 
tion as the water molecule in the hydrated crystal 
forms. The alcoholic oxygen linked by hydrogen to 
the 178 hydroxy function lies in the groove of two 
hydrogen atoms of the angular methyl group. 

It is not too speculative to assume that, when the 
steroid hormones are bound to the estrogen or 
androgen receptors. the 178 hydroxy function forms 
2 hydrogen bonds in the directions shown by arrows 
in Fig. 3 The chemical group of the receptor involved 
in the hydrogen bond corresponding to the black 
arrow will prevent the steroid molecule from rotating 

around the C(17t0(17) bond, by steric constraints 
onto the 18 methyl group. 

A steroid with a 17[1 hydroxy function bound to 
a protein in such a way has no more degrees of free- 
dom*. Its other extremity lies in a quite definite pos- 
ition. It is therefore interesting to study the position 
of the other extremity of the steroid hormone when 
the D ring is in a fixed position. The projection of 
the O(3) oxygen atoms and the atoms linked to them 
by hydrogen bonds in the plane C( 13). C( 17). C(I 8) 
of the different steroids are shown on Fig. 4 and it 
is apparent that the mean position of the O(3) oxygen 

atoms is very different for estrogens and androgens 
(about 3 A). Indeed the hormonal specificity is usually 
assigned to the nature of the A ring and the location 

of the O(3) oxygen atom relative to this; but in our 
view when the D ring is fixed the specificity would 
only result from the position of the O(3) oxygen. and 

not from the electronic state of ring A. A molecule 
with a D ring and the same thickness as a steroid, 
would have the corresponding activity of an estrogen 

or androgen depending on the location of the ter- 
minal atom of the A ring. Our proposal seems in 
good agreement with the estrogenic activity of 
7cc-methyl 19-nor-androstene diol compared to that 
of 19-nor-androstene dial [23]. The presence of 
7a-methyl is responsible for the moving of the O(3) 
oxygen in the direction of the ,Y face of the steroid 
by changing the ring B conformation. 

As, for a steroid hormone the chemical nature of 
the O(3) oxygen atoms is generally different (an hyd- 
roxy group for estrogens and an OX0 group for 
androgens). a different system of hydrogen bonds tnay 
be expected. Thus. Fig. 4 shows that hydroxy groups 
are implicated in two hydrogen bonds and OX0 
groups only in one. but it also clearly appears that 
hydrogen bonds are settled on the /j face of estrogens 
and on the I face of androgens. 

Such an arrangement suggests that the amino acid 
of the androgen (or estrogen) receptor, which links 

to the O(3) oxygen. would have to move at least 8 
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Fig. 4. Projection of the atom O(3) on the plane C(18)-C(13)-C(11) for different steroids and hydrogen 
bonds involved by it. 

A to link the corresponding oxygen of the estrogen 7. Busetta B. and Hospital M.: Acta Crystallogr. B.28 

(or androgen) hormone, and then involve such a dis- (1912) 560-561. 

tortion of the receptor that the response of the recep- 8. Busetta B. Courseille C. Geoffre S. and Hospital M.: 

tor would be quite different. 
Acta Crystallogr. B.28 (1912) 1349-1351. 
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