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Binding modes est ablished by docking ligands into a
homology model of retinal phosphodiesterase 6

explain it s paradoxical activation by cat alytic site inhibitors

ABSTRACT
Phosphodiesterase 6 (PDE6) is a key enzyme of the phototransduction cascade decreasing intracellular cGMP concentration upon light activation. A close homologue of PDE6, PDE5 is a target of competitive catalytic site inhibitors
including sildenafil, the active principle of ViagraTM. Since sildenafil binds to PDE6 with high affinity, concerns have been arisen on its possible visual side-effects, supported by [1] and [2] data. Recently disclosed crystal
structures of PDE5 in complex with ligands, including GMP and sildenafil offered an opportunity to build a homology model of PDE6, and disclose its catalytic binding domain. PDE6 has been modelled in the ligand-bound form using PDE5
templates in complex with GMP and sildenafil (Protein Data Bank code 1TBF and 1T9S), and subsequently binding interactions between the PDE6 catalytic site and GMP, sildenafil and another PDE5/6 inhibitor zaprinast have been
explored. It was found, that sildenafil is able to fit into the catalytic pocket of PDE6 similarly to that of PDE5. This finding is in line with data characterising sildenafil with low PDE5 PDE6 selectivity [3]. By measuring the effect of
sildenafil and zaprinast (1 ìM, 10 ìM) on the light-evoked field potential of the dark-adapted isolated rat retina, we found, that - paradoxically - both inhibitors enhanced the amplitude of light-responses. Binding interactions of GMP and
these cGMP-analogue inhibitors with the binding pocket residues showed that the inhibitors, but not GMP interacted with Phe778 and Met759 (sildenafil) or Met759 (zaprinast). These are the key residues known to be involved in the
interaction between the catalytic binding domain and the inhibitory (ƒÁ) subunit of PDE6. Differential binding modes of GMP and the inhibitors established by docking calculations underlying competition between the catalytic site inhibitors
and the inhibitory ƒÁ subunit provide an explanation for the paradoxical activation of PDE6 by catalytic site inhibitors observed [4].
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cGMP

3',5'-cyclic guanosine monophosphate

Sildenafil
1-[[3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-1H-

pyrazolo[4,3-d]pyrimidin-5-yl)-4-ethoxyphenyl]sulfonyl]-
-4-methylpiperazine

Zaprinast
1,4-Dihydro-5-(2-propoxyphenyl)-7H-
-1,2,3-triazolo[4,5-d]pyrimidine-7-one

cGMP Zaprinast Sildenafil

Phe778

Phe782

Met759

Figure . Interactions of docked cGMP, Zaprinast and Sildenafil
(green spacefill) with residues Met759, Phe778 and Phe782 (blue
spacefill and red labels).

Simon et  al., 2006).
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Zaprinast docked approaching Met759,
whereas the bulkier Sildenafil’s methyl-piperazine ring protruded
from the binding crevice, making contact with Met759 and Phe778
(in the stretched conformation,
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Figure 4. Effect of phosphodiesterase
inhibitors on the amplitude of light responses
of the isolated rat retina.
1 and 10 M Sildenafil and Zaprinast was
added to the superfusion solution for 30 min
and their effect on the light-evoked field-
potentials was assayed by measuring the
change of light-response amplitudes. Both
inhibitors in both tested concentrtations
elicited an increase of amplitude, though the
more efficient inhibitor seemed to evoke a
smaller increase (Simon et al., 2006). The
inset demonstrates how typical light
responses look like before-, and during
Sildenafil application.
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Figure 1. cGMP and two cGMP-analogue competitive inhibitors of PDE5 and PDE6.
Zaprinast (IC50= 400-2400 nM) and Sildenafil (IC50 = 30-40 nM) are PDE5 and PDE6-specific inhibitors. Sildenafil is the
active compound of Viagra . Insets show the 3D structure of inhibitors.R
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Figure 5. Schematic representation the light-evoked responses and of rod PDE6
activation. Explanation on how an inihibitor causes enhancement.
Light evokes a cascade of biochemical reactions (the phototransduction cascade) inside
retinal photoreceptor cell outer segments. Light is absorbed by rhodopsin (R) which
activates a G-protein called Transducin (Gt), which activates the effector enzyme of the
cascade: PDE6. Upon activation, the  cGMP hydrolysis rate is increased, and the
resultant decrease of cGMP concentration closes cation channels thus hyperpolarising
the cell membrane.
This chain of event can be blocked by removing any of these components causing
blindness. Thus it is expected, that a functional blockade or inhibition of the key enzyme
should block or decrease light responses - which does not happen.
Explanation. The non-activated forms’ catalityc and subunit (larger upper head) is
under constant inhibition by the subunits, covering the binding pocket. This inhibition
is released by binding of the subunit of Transducin (Gt *). In the presence of
Si ldenaf i l or Zaprinast, the aff in i ty of the subunit toward the catalyt ic
domain is decreased, thus enhancing the effect of Gt and shift ing the
equi l ibr ium to the l ight act ivated state.
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HOW THEY BIND

WHAT IS PARADOXICAL - and HOW CAN IT BE

HOW THEY EFFECT LIGHT RESPONSES

PHOSPHODIESTERASE 5 and 6 LIGANDS Electrophysiology .

Molecular modelling and docking.

Adult

by
the Genetic Optimisation for Ligand Docking program (GOLD, CCDC
Software Ltd., Cambridge), using the default settings. Energy was
minimised by the SYBYL program package (Tripos Inc.), before
docking. (for small molecules: Gasteiger-Hückel charges and Tripos
forcefield, for the modelled structure MMF94 charges and forcefield

Wistar male rats (Toxicoop, Budapest)
were kept in and used in accordance with the Declaration of Helsinki
and with the Animal Act 1998, Hungary. Retinas were isolated in ice-
cold artificial cerebrospinal fluid (ACSF) containing in mM: CaCl 1.6;
NaCl 129; KCl 5; NaH PO 1.25; MgSO 1.8; NaHCO 21; glucose 10
and glutamine 0.5 (Sigma-Aldrich, Budapest), bubbled with 95% O /
5% CO . Evoked field potentials were measured in darkness with an
extracellular Ag/AgCl microelectrode (4-10 MOhm), in response to
10 ms full-field flashes of white light (630 Lux) every 15 s. Signals
were amplified, low-pass filtered at 200 Hz and digitised at 2 kHz
(Axon Instruments Inc., Foster City, California, USA). The retina was
kept at 37 C, and perfused with ACSF at a flow rate of 3 ml/min. The
change of amplitude of light responses for each retina was
expressed (normalized) as the percentage of the amplitudes
measured during the control period and the mean ± standard error is
given (N = 3).

A homology model of PDE6 a
subunit catalytic domain was built on the basis of  crystallised PDE5
structures (PDB code: 1TBF and 1T9S) and multiple alignment of
human rod PDE6A (EC 3.1.4.17) sequence. PDE inhibitors, as well
as GMP were docked into the putative binding crevice of PDE6

2

2 4 4 3

2

2

2

o

METHODS

R

GTP
GMP GC

Gt Ca2  +

Na+

outer segment of photoreceptorcell

PDE 6

membrane disc

cGMP

Figure 3. X-ray and
modelled (insert) structure
of GMP and Sildenafil in
PDE5.
Both GMP and Sildenafil
occupied the same region in
similar conformation after the
docking procedure, as in the
crystal structure. The
pyrazolo-pyrimidinone group
of sildenafil occupied the
place of the guanine ring of
GMP, however, the methyl-
piperazine moiety is either

Layout of PDE6 subunit
structure and activation
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