sional RCS pigment epithelial cell profile
in each culture may contain one or two
phagosomes (Fig. 2c¢). Under the same
conditions, cultured normal pigment epi-
thelium continues to phagocytize large
amounts of normal (Fig. 2d) or RCS out-
er segment fragments.

The reduced ability of cultured RCS
pigment epithelium to phagocytize outer
segment material establishes that the
RCS mutant gene is expressed as a de-
fect in the phagocytic mechanism in pig-
ment epithelial cells. This is not a general
defect in phagocytosis, since RCS pig-
ment epithelium is capable of ingesting
polystyrene spheres in vitro. The envel-
opment of outer segments by micro-
villous processes of RCS pigment epithe-
lial cells indicates that the RCS cells re-
spond to the presence of outer segments,
a phenomenon also observed in the RCS
rat in vivo (5). The fact that RCS rat out-
er segment fragments are phagocytized
by cultured normal rat pigment epithe-
lium is direct evidence that the RCS mu-
tant gene is not expressed in photorecep-
tor cells in a way that prevents phagocy-
tosis of RCS outer segment material.
This in vitro experimental system now
makes accessible to further study the ge-
netic defect in the phagocytic mecha-
nism of the pigment epithelial cell which
is responsible for photoreceptor cell de-
generation in the RCS rat.

Ross B. EDWARDS
R. BRUCE SZAMIER
Berman-Gund Laboratory for the
Study of Retinal Degenerations,
Harvard Medical School,
Massachusetts Eye and Ear Infirmary,
Boston 02114
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Conformations of Prostaglandin F, and Recognition of

Prostaglandins by Their Receptors

Abstract. The conformation of prostaglandin F,, (PGF,,) has been determined by
x-ray diffraction techniques. Two independent conformers of PGF,,, studied as the

tris(thydroxymethyl)methylamine salt, are observed to adopt the familiar *‘hairpin

3

conformation with the a and o chains aligned roughly parallel. The conformers differ
in ring conformation and at the C(17)-C(18) bond, one adopting a C(9) envelope ring
conformation and a trans geometry at the C(17)-C(18) bond, while the other adopts a
C(8) envelope ring conformation and a novel gauche geometry about C(17)-C(18).
Comparison of the conformation of PGF ., with that of prostaglandin E, suggests a
recognition mechanism which would permit PGF,, and prostaglandin E receptors to
distinguish between the two potent prostaglandins. The recognition model explains
much of the binding data for the PGF,, receptor in the corpus luteum and predicts
the existence of an interesting PGF,, analog.

By virtue of its diversity of action and
potential for pharmacological exploita-
tion, prostaglandin F,, (PGF,,) is per-
haps the most interesting of the classical
prostaglandins. It plays an important
role in luteolysis and is clinically em-
ployed in pregnancy termination and in-
duction of labor at term. Prostaglandin
F,, and prostaglandin E, (PGE,) are the
most abundant classical prostaglandins.
Recent binding studies (/) reveal that
PGF,, and PGE, have little affinity for
each other’s receptors, suggesting that
the conformations of the two prostaglan-
dins differ to a significant degree, even
though they differ chemically only in the
saturation of the C(9)-0O(9) bond (Fig. 1).
Having previously determined the con-
formation of PGE, by diffraction tech-
niques (2), we now report the determina-
tion of the molecular conformations of
PGF,,, and offer plausible explanations
for the recognition of prostaglandins by
their receptors.

Prostaglandin F,, was crystallized as
its tris(hydroxymethyl)methylamine (tris)
salt from a methanol-acetonitrile solu-
tion. The crystals are triclinic, space
group P1, with unit cell axial lengths
a = 8.330(3), b = 26.458(6), and ¢ =
6.221(2) A; angles o = 99.983)°, B =
91.75(4)°, and y = 97.88(3)°; and vol-
ume 1335.6 A®. The observed density,
1.189 g/cm®, measured by flotation in
a chloroform-benzene mixture, implies
that there are two independent mole-
cules of PGF.-tris salt per asymmetric
unit (calculated density, 1.183 g/cm?®).

Of 5472 independent reflections, mea-
sured in the 6-26 scan mode on an auto-
matic diffractometer employing CuKea
radiation, 4820 are considered to be ob-
served (that is, their intensities are more
than twice their standard deviations).
This is an unusually favorable percen-
tage of observed data for prostaglan-
din crystals, reflecting the quality of the
data. The structure was determined by
application of a system of programs,
QTAN, written by one of us (D.A.L.)
and described previously (3). The model
has been refined by using anisotropic
thermal parameters for carbon, nitrogen,
and oxygen atoms to a current residual
R = 0.08.

The two conformers of PGF,, are
shown in Fig. 2. Although distinct in
various ways, both display the ‘‘hairpin”’
conformation observed for other active
prostaglandins (4); that is, the a [C(1)
through C(7)] and o [C(13) through
C(20)] side chains of each conformer
align in such a way that they run roughly
parallel. To accomplish this, the w chains
twist (5) at the C(15) positions [torsion
angles  C(13)-C(14)-C(15)-C(16) are
—150° and —118° for conformers A and
B, respectively], effectively positioning
the O(15) hydroxyl oxygens out and
away from the centroids of the con-
formers. In a description of L-shaped
prostaglandin B,, DeTitta (6) discussed
the importance of the hairpin con-
formation and the particular importance
of the position of the C(15) hydroxyl with
respect to the metabolizing enzyme 15-
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Fig. 2. The two conformers, A and B, of PGF,,. The views are the projections on the planes

defined by atoms C(12), C(15), and O(15).

hydroxyprostaglandin ~ dehydrogenase.
Although not unexpected, the observa-
tion of a hairpin conformation for both
independent molecules of PGF,, sup-
ports the hypothesis that active prosta-
glandins adopt this overall shape.

The two conformers differ significant-
ly in two respects. Conformer A adopts a
C(9) envelope conformation with C(9)
below (7) the plane of the remaining ring
atoms; conformer B adopts a C(8) enve-
lope conformation with C(8) above (7)
the remaining ring atoms. While in both
conformers the O(9) oxygen is in a pseu-
doaxial and the O(I1) oxygen is in a
pseudoequatorial orientation relative to
the ring, the C(8) envelope conformation
exaggerates the O(11) pseudoequatorial
orientation relative to the C(9) envelope
conformation. The conformers very
closely approximate ideal C(8) and C(9)
envelope conformations rather than any
intermediate conformation along the cy-
clopentane pseudorotation pathway (8).
Even though the conformers adopt dif-
fering ring geometries, the chain junction
geometries remain identical, with the
C(7)-C(8)-C(12)-C(13) torsion angle
equal to +80° for both forms. The con-
formers differ significantly at the C(17)
C(18) bonds. In form A the conformation
is the normally observed all-trans planar
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arrangement of the chain, whereas in
form B we observe a gauche (9) con-
formation [torsion angle C(16)-C(17)-
C(18)-C(19) is +172° for conformer A
and +49° for conformer B|. Molecular
models of conformer B show that the
gauche twist prevents the a and o chains
from too close an approach to one anoth-
er, yet permits the chains to retain the
hairpin shape.

It is generally assumed that the pros-

taglandins express their diverse biologi-
cal roles by interaction with specific re-
ceptor sites, initiating a series of am-
plifying events which culminate in a
recognizable physiological response. Re-
cent binding studies (/) of the luteal pros-
taglandin receptors reveal the specific-
ities of the receptors for their substrates.
Prostaglandin E receptors are not specif-
ic for PGE, or PGE,, but PGF,, recep-
tors do not bind PGF . Prostaglandin E
receptors bind PGE analogs to a certain
extent but do not bind PGF,, or other
PGF analogs. Similarly, PGF,, receptors
show varying degrees of binding by PGF
analogs but little binding by PGE, or oth-
er PGE analogs. Both receptors show a
great deal of sensitivity to modifications
of the o chain but much less sensitivity
to @ chain modification. Epimerization
(10) or even removal (/) of the C(11) hy-
droxyl does not abolish binding at either
receptor, and methylation at the C(15) or
C(16) position maintains or enhances
binding at both sites. Truncation of the w
chain generally reduces binding, where-
as elaboration or even aromatization of
the w chain can increase binding (/7). Al-
together the data suggest that (i) the w
chain, while vital to binding, is not the
site of differentiation between prosta-
glandins, and (ii) binding is much less
sensitive to modifications on the 8 face
of the molecule than to modifications on
the « face. Differentiation between PGE
and PGF is then probably controlled by
the position of the O(9) oxygen relative
to the plane of the cyclopentane ring (ei-
ther below for PGF,, or in the plane for
PGE,). We were interested to determine
whether the observed conformations of
PGF,, and PGE, (2) could explain pros-
taglandin receptor specificity.
Examination of molecular models of
PGF,, and PGE, built from their ob-
served conformations reveals distinct
dispositions of the ring oxygenic func-
tions of PGF,, and PGE, relative to the «
face of the molecules (Fig. 3). In PGE,
the O(9) carbonyl oxygen is approxi-
mately in the plane of the cy-
clopentanone ring, the C(5)=C(6) double
bond is below the ring plane, and the ge-
ometry of the C(8) ring junction is
—gauche, +gauche [torsion angles C(6)-
C(7-C(8)-C(9) and C(6)-C(7)-C(8)
C(12) are —60° and +62°, respectively].

Fig. 3. Conformations of (a) PGE, and (b and
¢) PGF,, (conformers A and B, respectively)
as seen in the plane of the « face. The views
were obtained by requiring the C(4)—C(l)
vector to define the horizontal and the
C(1)—=C(20) vector to define the vertical, fol-
lowed by a 90° rotation about the horizontal.
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In PGF,, the pseudoaxial O(9) oxygen is
below the plane of the cyclopentane ring,
the C(5)=C(6) double bond is approxi-
mately in the ring plane, and the C(8)
ring junction is +gauche, trans (corre-
sponding torsion angles are +57° and
179°, respectively, for both conformers).
The junction conformations are not in-
terconvertible; in either case, attempted
interconversion leads to close contact
between O(9) and C(6). Further changes
in the « chain conformation of PGF,, rel-
ative to PGE, are necessary to maintain
the close proximity of the « and o
chains. The « chains of PGF,, twist on
either side of the 5,6-cis double bond
[torsion angles C(5)=C(6)-C(7)-C(8) and
C3)»-C4)-C(5)=C(6) are +142° and
+153° for conformer A and +128° and
+148° for conformer B] relative to the
values found for PGE, (—127° and
—100°, respectively). Conformational
shifts in the alkane portions of the
chains are interpreted as fine-tuning
mechanisms to maximize the o and w
chain proximity in both PGE, and
PGF,,. The end result of this series of
shifts (Fig. 3) shows the movement of the
0(9) oxygen relative to the « face of the
prostaglandin. If binding occurs primari-
ly in two complementary steps—a non-
differentiating contact between the «
side of the molecule with the receptor,
and a specific, differentiating hydrogen
bond contact between the O(9) oxygen
and the proteinaceous surface of the re-
ceptor—it is clear that PGF,, and PGE,
cannot satisfy the conformational re-
quirements of binding for both receptors
simultaneously.

This model of prostaglandin recogni-
tion suggests why the binding data for
PGF,, receptors are insensitive to modi-
fication of the w chain. Methylation at
C(15) does not disturb either binding at
the « face of the molecule or the dis-
position of the O(9) hydroxyl relative to
the « face because the 15-methyl points
up and away from the « face; similarly,
replacement of carbons C(18) through
C(20) by a phenyl ring has little effect on
the « face of the molecule if we consider
that three atoms of the ring occupy the
C(18)-C(20) positions. The model also
suggests that a particularly interesting
analog of PGF,, might be 9«-methyl-9-
deoxy-PGF,,: it could distinguish be-
tween the requirements of binding and
the requirements of activity, since it is
likely that the 9a-methyl analog would
be very similar in conformation to PGF,,
yet lack the hydrogen-bonding capacity
of the 9a-hydroxyl. It is possible that
such an analog might bind the PGF,, re-
ceptor quite well and yet fail to elicit a
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response. Such a result would show that
the recognition event of importance is
the formation of an O(9) . . . receptor hy-
drogen bond.

In summary, the conformations of
PGF,, have been described. It is hairpin-
shaped, as are other active prostaglan-
dins we have examined. The observed
conformations of PGF,, and PGE, sug-
gest a mechanism of recognition of these
prostaglandins by their receptors. These
results lead us to state with confidence
that the crystallographically observed
conformations of prostaglandins are the
biologically relevant ones at the receptor
sites.

DaviD A. LANGS
MARY ERMAN
GEORGE T. DETITTA*
Medical Foundation of Buffalo, Inc.,
73 High Street, Buffulo, New York 14203
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Age-Related Changes in the Hepatic Endoplasmic Reticulum:

A Quantitative Analysis

Abstract. Morphometric analysis demonstrated a twofold increase in the surface
area of the hepatic endoplasmic reticulum in Fischer 344 rats between | and 20
months of age, followed by a significant decrease in this parameter between 20 and
30 months. These changes are attributed to the smooth-surfaced endoplasmic reticu-
lum, since neither the rough-surfaced variety nor the Golgi membranes underwent
any significant change in surfuce area as a function of the age of the animal.

The intracellular membrane systems
of the hepatic parenchymal cell—that is,
rough-surfaced endoplasmic reticulum
(RER), smooth-surfaced endoplasmic re-
ticulum (SER), and Golgi apparatus—are
intimately involved in a wide variety of
functions, including protein and choles-
terol synthesis and drug and lipid metab-
olism. There have been numerous re-
ports of age-dependent changes in these
hepatic parameters in the rat, such as de-
creased protein and cholesterol syn-
thesis (/), reduced turnover and excre-
tion rates of cholesterol (2), reduced
drug-metabolizing activity (3), and loss
of certain adaptive capacities (4). How-

ever, the literature describing the fine
structural correlates of these age-depen-
dent functional alterations, particularly
changes in the endoplasmic reticulum
membranes, is both limited and conflict-
ing. Qualitative ultrastructural analyses
revealed an overall loss of RER in the
liver cells of aged rats in comparison to
those of young animals (§). Using quan-
titative electron microscopic techniques
or morphometry, Pieri et al. (6) observed
a significant loss of RER and no change
in the amount of SER in the hepatocytes
of rats between the ages of I and 12
months. The age-related reduction in
RER surface area was even more
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