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The conformation at # simulated membrane /water interface of four distinet phorbol esters. selected for their vasily different
turnor-promaoting potency, was predicted by a modification of the usual compuling #pproach for the conformational analysis of
macromoiecules. In the modified procedure. the transfer energy of each part of the moiecule in either a hvdrophobic or
hvdrophilic domain was taken into account in order o define the orieniation of the molecule at the simulated nierface. The
results of this stady are compatible with known iensicactive properties of these phorbol esters. and may help to explain

differences in their bicjogical potency by the relative facility of their insertion in lipid bilayers.

1. Intreduction

Certain phorbol esters, such as 12-O-tetrade-
canoylphorbol 13-acetate {TPA} and phorbol
12.13-didecanocate (PDI}) are potent tumor pro-
moters. Phorbol 12,13-dibutyrate (FDB) is a weak
cocarcinogenic agent, and 4a-phorbol 12,13-dide-
canoate {4a-PDD), the isomer of PDD. 1s hiologi-
cally inactive (for a review. see refs. 1-3). The
relative biological potency of distinct phorbol es-
ters as tumor promoters paraliels their potency in
affecting functional events in a number of target
cells [1,2,4-10]. Tt was recently proposed that such
target cells are equipped with receptors for phor-
bol esters, the relative affinity of the receptor for
distinct phorbol esters accounting for their biolog-
cal potency [11-14]. It is conceivable. however.
that the apparent binding of phorbol esters to
their receptor in fact correspends 1o a partition of

the molecule between the phospholipid domain of
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the plasma membrane and the surrounding ex-
tracellular fluid. The idea that the biological re-
sponse to phorbol esters is primarily attributable
to their insertion in the phospholipid domain of
target cells is compatible with several observations
obtained in artificial model membranes. For ins-
tance, phorbol esters inierfere with the process of
Ca transport by carboxylic ionophores embedded
in liposomal membranes {5.15-17}. The phorbol
esters also interact with phospholipids in artificial
monolayers or bilavers [18.19]. Under swtable
conditions, the response to distinct phorbol esiers
in these artificial models parallels their hiological
potency {519} The latter finding raises the idea
that the hiological potency of phorbol esters may
be somehow related to the modalities of their
insertion between and interaction with membrane
lipids [20]. Since the latter modalities may them-
selves depend on the structural configuration and
orientation of the phorbol ester molecules, we have
analyzed in the present work the conformation of
the phorbol esters at a simulated membrane /water
interface.
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2. Methods

The method used for the conformational analy-
sis of each of the four phorbol esters (TPA, PDD.
40-PDD, PDB) 15 based om a strategy described
elsewhere [21] and currently used for studymg the
conformation of polypeptides [21-24] and other
molecules [25-28]. In this method. the total con-
formaticnal energy is empirically calculated as the
sum of the contributions resulting from the Van
der Waals interaction. the torsional potential and
the electrostatic interaction. The eqguations and
parameters used for such a purpose are described
extensively elsewhere [21.28.29]. The electrostatic
interaction was calculated for a diglectric constant
of 16, a value intermediate to those currently used
for the agueous and hydrophobic phases at a
simulated interface [25-26] and indeed close to
that found in the vicinity of polar heads {30]. The
values used for valence angles. boundary lengths
and atomic charges were those currently used in
conformational analvsis [21.21].

In a first systematic study, the five to eight first
sorsional angles of the hydrocarbon chains under-
went successive increments of 60° each. vielding 67
to &% different conformations derived from an
all-frans conformer. taken arbitrarnily as the initial
configuration. A torsional angle arcund a given J
ond is taken as positive when the distal {7+ 1)
bond rotates clockwise relative to the proximal
{j— 1) bond [32]. The probability of existence of
each conformer was calculated from the following
eguation

p=c B BT, Zﬂ: o E1RT
i=

with T'=25°C, and E, and £, corresponding to the
internal energy of the conformer under considera-
tion and each selected conformer, respectively. In-
cidentally, since long acyl chains are not very
flexible in condensed states {e.g.. in model mem-
branes, see refs, 33 and 34). the effect of entropy
was considered as negligible and. hence, the selec-
tion of conformers was based on their energy
rather than free energy.

The conformations derived {rom the first sys-
tematic study and vielding a Jow iniernal energy.
i.e.. those with 2 staustical weight of at least 5%,

s, using a

were then submitied to a second analvs
simplex minimization procedure {357 in order 0
reduce further their toizl energv. Al torsionsl
angles were examined in such an analysis. The
reflexion step in the mimimizaiion procedure in-
volved vanations of rotational angles from - 30 to
+30°. with a precision of 10°.

in a last step of the analviical procedure. the
hydrophobic and hydrophilic gravity centers of
selected conformers were established taking inio
account the wransfer energy [25.36] for each part of
the molecule. The values for the transfer energies
used here (table 1) are idenucal io those de-
fermined experimentally by numercus authors and
summarized elsewhere [37], The hvdrophilic center
(€, ) 1s defined by the following equation:

n i
Co = E [E* transfer { &7 + 13+ 27 -} Z E’ transfer,
i=1 i=1
in which x,. v and - are the coordinates of the /th
atom, The hydrophobic gravity center focated in
the hydrocarbon domain (O 15 delined by the
same equation, except that the negative transfer
energies are taken into account [36]. The ornenta-
tion of the molecule at the postulated interface
was then established with the axis joining the
hydrophilic and hvdrophobic gravity centers paral-
lel to the Z-axis. which is itself perpendicular to
the interface plane.

Calculations were made on a CDC-6660 Com-
puter coupled to a Benson drawing table (Brussels
Free University, Computing Centre. Brussals),

Tabie ]

Energy (in cal) of ransfer into a hvdrophebie domain

-C-OH 833 cor - 833
|

G 4260 one degree of = 1503
(') LR luTELOT

S C=0 2574 o degraes of — 503

UTSATFdiion

¢ Derived from ref. 37,
N .
" Refers to all carbon aroms ¢ £

-CH=. -CH.- and
—CH:}) :




A Deleers oo ul S Phorbal ester conformation 213

3. Results
3.1. Phorbol backbone

In our conformational analysis of TPA, PDD
or PDB. the phorbol backbone was designed. in
the light of & previous study [38] with 4-O8 o5,
2-B cis. 9-0OH trans 10-H rans. 11-CH, prans.
12-0OH ¢is and 13-OH wrans (fig. 1) The analysis
could have been made on the mirror umage. without
affecting the final results. Due to the presence of a
three-carbon cvele (C3-C,-C o) the six carbon
evele {(CCo-Cy-C5-C-T ) was set in the boat
form with the bonds C,-C ), and C,.-Cy, parallel
to each other. Because of the double bond between
C, and C,. the bonds from C; to €y were kept
coplanar. The five-carbon cvele (C-C-Co-C-C )
was also planar.

In the phorbol backbone of da-PDD. as dis-
tinct from the oiher phorbol esters, 4-OH s prans.
This single difference affected markedly the con-
formational organization of the phorbol backbone.
Indeed. both the orientation of the five-carbon
planar cvele and the conformation of the seven-
carbon ring depended strongly on the position of

OH on C,.

CHoOH

Fig. I. Chemical formula and configuratien of the phorbol
backbone with myristovl and avenv! chains on Cyy and 5.
Thie chart also indicares the numberiog of the four ring svstem.

3.2 Infdal svsremaiic siudy

A first svsiematic study was performed by steps
of 60° each on the four first torsional angles
(bonds Ciy,,.,0. O-C i Clorprny — &o and
C.-C,) of both decanovl chains in the PDD and
40-PDD moelecules. vielding 67 or 1679616 con-
formers. One conformer for PDD displaved a 99%
probability. Fig. 2 illustrates two projections of
this conformer, taken at 90° from each other. The
most probable conformer for 4a-PDD displayed a
74% probability and 1s iltustrated in fig. 30 All
other conformers for 4a-PDE presented a proba-
bility of existence below B%. The most siriking
difference between the most probable conformers
for PDD and 4a-PDID. respectively. consisted in
the position of the two decanoy! chains which wer
close and parallel to each other in the PII mote-
cule {(fig. 21 but not s¢ in the 4a-PBD molecule
{fig. 3}

A comparable sysiemanc procedure was ap-
plied to the three first torsional angles of the
myristevl chain and the two first torsienal angles
of the acetyl chain in the TPA molecule. and on
the three first torsional angles of both butyryl
chains in the PDB molecule. vielding. respectively.
6 (TPA) and 6% (PDB) conformers. The con-
formers with a probability in excess of 3% are
lisied in table 2. Figs. 4 and 5 illustrate perpendic-
ular projections of the most probable conformer
for each of these two phorbol esters.

il

Fig. 2. View along two perpendicuiar axes of the mosi probable
conformer of P after vvstemalic anabvsis in a medium wilh
a dielectric constant of 16,
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Fig. 3. Views along two perpendicnlar axis of the most proba-

s1n a medium

ble conformer of 42-PDID after systematic anals
with a dielectric constant of 16,

P

Fig. 4. Views along iwo perpendicular axis of the most praba-
bie conformer of TPA after systematic anal»sis in a medium
with a dielectric constant of 16

Table 2

3.3 Minmmization precedure and reorieniarion

Fig. 6 illustrates the two most probable con-
formers for PDD and 4a-PDD. respectivelv. ob-
tained after application of the smplex minimi-
zation procedure and reorientation of the malecule
at the simulated membrane water interface. Like-
wise, fig. 7 illustrates the most probable con-
formers for TPA and PDB. all phorbol esters
being shown in a frontal view (ie. drawn in a
plane perpendicular 1o the simulated interface).
The value of torsional angles for these and less
probable conformers, as calculated afier zpplica-

o)

Vs

<
—~
P
[
Fig. 5. Views along two perpendicular axis of the most proba-
ble conformer of PDB after svsiemanc analyvsis in a medium
with a dielectric constant of 16,

Conformers of pherbol esters in equilibrium a1 253°C afier systematical analysis

Agents Probability  Torsional angles of acyl chain Energy above
(%) On 6 minimal vaives
On Cy AL tkeal “mol;
C,,-0  0O-C, R Ch,—-G  0-C, C,-C,  <--<
FDD 99 240 0 120 180 120 240 240 180 -
4a-PDRD 74 240 180 240 {80 180 120 240 180 -
TPA 33 300 180 120 180 120
27 300 180 &l &G 120 iz
il 300 180 120 180 300 HEE
9 300 180 60 180 300 74
PDB 37 360 180 120 180 £ 120 -
19 300 186 &0 180 300 120 (338
10 360 180 120 180G 00 244 [
7 360 180 120 180 180 240 T
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4. Discussion

The present work aims at characterizing the
maost probabie conformation of phorbol esters at a
simulated membrane /water interface. The four
phorbol esters under study were selected on the
hasis of their vastly different biclogical potencies
{3]. The method here used for conformational
analvsis differs in one respect from that previonsh
applied to the study of macromolecules at a simu-
lated membrane /water interface [23]. Indeed. in a
previcus studv. 1t was possible to locate at the
interface the intiial position of a given atom in the
macromolecule and to complete the conforma-
tional analysis by taking into account the energy
of transfer of all portions of the molecule as thev
moved from one environment to another, each of
which was characterized by its dielectric constant.
Inn the present case. however, there was no objec-
tive basis to ascribe a precise location to any given
atom of the phorhol ester. Therefore. the orienta-
ton of the phorbol ester at the simulated mem-
brane /waler interface was determined by estab-
fishing the hvdrophobic and hvdrophilic gravity
centers of each molecule [26,36].

The results of our study emphasize the existence
of differences in the configuration of distinct
phorbol esters at the simulated membrane /water
interface. The most dramane illustration of such
differences consists in the confliguration of PDD
and 4a-PDD. respectuively, Despite the fact that
these two phorbol esters only differ from one
another in the position of the hvdroxyl group on
C,. their configurations at the interface were strik-
ingly dissimilar. Such a dissimilarity can be ex-
plained by the fact that, in the PDD molecule, the
hydroxy!l group on €, and the ester bond on C,;
are in close proximity favornng the approximation
of and interaction between the two decanoyi
chains. In the 4a-PDD molecule. the opposite
position of the hydroxyl group on C, favors Van
der Waals interaction between the acyl chain on
'), and the neighboring methylated five-carbon
cvele (C,-C-CL-Cp-Cg )

The results of our conformational analvsis may
help in understanding differences in the biological
potency of distinct phorbol esters. if the assump-

Forbol grer conformoiien

tion s made that the isergon of these esters vy
hpid bilaver is relevant 1o the expression of ther
tumor-promoting action and other biological prop-
erties. For instance. the biological mactivity of
4a-PDD could be expluined. in part at least. by
hindrance 1o its inseriion in a pad bilaver. Indead.
it 15 obvious from the conliguratuons lustrated in
fig. 6 that the Jesser amphilic character and the
greater distance between the two decanovl chains
of 4a-PIDD. as disunct from PDD. both represent
untfavorable attributes for nsertion i a ligd bi-
layer. This view is reinforced by experimental find-
ings indicating that PDD and 4e-PDD. respec-
tively, display different surface properues in terms
of both their tensioactive behavior in pure mono-
layers examined at low surface pressure [18] and
their repulsive interaction with phospholipids {19}
Supportive energy, e.g.. CoOmMPression. 15 required 1o
achieve comparable molecular arcas for PDD and
4a-PDD. respectivelv 18],

In our study, TPA. which is binlogically some-
what more potent than POD. appeared less
amphiphilic than PDD, this difference being at-
tribuiable to the presence of only one long acyi
chain in TPA. However. the presence of thus single
chain orientated towards Lhe hpophilic domain
may facilitate the msertion of TPA along the acyl
chains of endogenous phospholipids. In the same
perspective, the more globular conformation of
PDB could account {or the much lower biclogical
potency of this phorbol ester relutive to that of
TPA.

in conclusion. the conformational analvsis of
distinct phorbol esters at & simulated
membrane /water interface mav  explain  dif-
ferences in the penetration of these malecules in
ihe phospholipid domain of living membranes and.
hence, could account for their vasth differens bio-
logical potencies,
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