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ABSTRACT

Adenosine-to-inosine RNA editing events demonstrated for 5HT2C receptors result in an alteration of the amino-acid sequence at
positions 156, 158 and 160 of the receptor’s IL2. The “edited” receptor isoforms have reduced basal activity, but similar maximal
responses to agonist  binding. It has been proposed that the primary effect of editing may be to alter the ability of spontaneous
isomerization to the active R* conformation rather than affecting the intrinsic ability of receptor isoforms to promote G-protein
coupling. We have carried out conformational studies of the IL2 isoforms using Biased Sampling Monte Carlo simulations with a
Screened Coulomb Potential-based Implicit Solvent Model, to compare the conformational space accessible to these loops in
comparison to the unedited version. Our results show that the IL2 of the unedited (5HT2C-INI) receptor has a slightly larger population
of structures oriented towards the 7TM bundle than the 5HT2C-VGV edited receptor. This difference in preferred orientation can affect
the association of IL2 with other intracellular loop domains involved in G protein coupling, which implies a high sensitivity of the
system to small changes in the interaction surface presented to other intracellular loops, and/or the G-protein.

INTRODUCTION
The 2C subtype of serotonin receptors (5HT2C) is a member of the G protein coupled receptor superfamily of seven
transmembrane helix proteins. Residues in the second intracellular loop (IL2) connecting helices 3 and 4 in GPCRs has
been demonstrated in numerous studies in GPCRs to play an important role in G-protein coupling [1-9]. IL2 and the third
intracellular loop (IL3) have been shown to be required at the same time to achieve full G protein activaton, suggesting
that they act in synergy [4], [10], [11]. Recently a number of naturally occurring adenosine-to-inosine RNA editing events
were demonstrated for the 5HT2C receptor [12] [13]. They result in an alteration of the amino-acid sequence at positions
156, 158 and 160 in the second intracellular loop (IL2)(FIGURE 1). Pharmacological characterization found a decrease in
agonist potency in the edited receptor 5HT2C-VGV in which the INI sequence was replaced by VGV. Competition binding
experiments revealed that only non-edited receptors 5HT2C-INI had a serotonin high affinity state. Together these results
indicate that the edited receptor couples less efficiently to G proteins. It has been suggested that this editing mechanism
of 5HT2C receptors may represent a regulatory mechanism of receptor signal transduction at serotonergic synapses [14].

To identify the mechanistic basis for the altered properties of the edited 5HT2C receptor, we have investigated the effect
of the mutations on the conformation of IL2 using a Biased Sampling Monte Carlo simulation. The resulting conformations
were examined in a receptor model to identify the potential role of editing on the functional role of IL2. We find that the
differences in the population of conformations between the edited and unedited forms relate to the orientation of the loop
relative to the interior of the 7 transmembrane helix and IL3. Given the role of the association of IL2 with other intracellular
loop domains in G-protein coupling, these differences in the population of IL2 conformations explain the effect of loop
editing in the coupling efficiency of the edited receptors.

FIGURE 1: IL2 loop peptides used in this study. Positions 156, 158 and 160 where editing events occur are highlighted.
Throughout the simulation the position of the fragments 3.53 to 3.55 and 4.38 to 4.39 (red filled circles) are harmonically
constrained  to fit the position of the cytoplasmic ends of TM3 and TM4 by constraining the phi and psi dihedral angles to
remain helical, as well as by restraining interesidue distances between the two helical fragments to correspond to the
receptor model.

EXPLORATION OF THE CONFORMATIONAL SPACE

The conformational space of the loop was explored with the Biased Sampling Monte Carlo method of Conformational
Memories (CM) described earlier [15], [16]. Each exploration of the conformational space involves 130 runs of simulated
annealing for WT and 150 for the edited receptor, yielding 130 and 150 initial structures for each isoform of the 5HT2CR.
The aqueous environment of the loop peptide is modeled using an efficient Implicit Solvent Model (ISM) that is based on a
Screened Coulomb Potential formulation (the SCP-based ISM) (poster 1491). The CHARMM forcefield was used for the
energy calculations.

FIGURE 2: The resulting structures were oriented by
superposition of the backbone of residues 3.53 to 3.55
and 4.38 to 4.39 in the 5HT2CR model and grouped in
clusters with a backbone RMS <1.57. Representative
structures were obtained for each cluster. These are
shown in the figure. The red arrow indicates the area
covered by the “swing” of the loop.
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GEOMETRIC CHARACTERIZATION OF THE CONFORMATIONAL SPACE
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FIGURE 3:
P1 and P2 corresponds to the alpha carbon of
residues A3.53 and R4.39
M is the middle point in the vector P1P2
P3 is C alpha of residue 4.35
      is the vector corresponding to TM4  axes

Vector MO is the projection of vector MP3 over the
plane defined by vectors MP1 and     . This vector is
displayed just to  emphasize the fact that vector
MP3 is not in the same plane as MP1 and
Positive values of ? ?are considered those which are
at the left of R; negative values point to the right
(Figure 3, from the viewer perspective).
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WILD TYPE EDITED RECEPTOR

Graph 1 Graph 2

The values of ?  for the 130 and 150 conformations of WT and VGV mutant respectively were sorted and plotted in
graphs 1 and 2 along with the energy of each particular structure.

En is the total energy and runs from 1 to 130 for WT and 1 to 150 for the
mutant
K is Boltzman constant
T is 300°K
Z is the partition function.

<<?? ?? ??? ???????????????? <<?? VGVVGV??????????????

Positive values of ? ?identify conformations where the C alpha of residue  4.35 is oriented closer to the interior of the
bundle.  The more negative the value of the angle, the more the loop “swings” away from the interior of the bundle.

1. The exploration of the conformational space converged for both the WT and the edited loop. The population of different
regions of the space is calculated by parsing the conformational space described by ? ?into 4 bins of 25 degrees and
calculating the Boltzman probability for each one of the bins. The first 90 runs provided 90 structures, and the results of
successive runs are added in until convergence. Convergence is achieved when the population of each bin changes less
than 1% upon addition of structures from a subsequent run.

CONCLUSIONS:

1. The non-edited (5HT2C-INI) receptor has a slightly larger population of structures oriented towards the 7TM bundle
than the 5HT2C-VGV edited one. Those structures oriented towards the interior of the bundle would also have greater
spatial proximity to the third intracellular loop. Our results indicate the likelihood of a direct interaction between IL2 and
IL3, and thus provide a molecular basis for the observed synergistic effect of the two loops in receptor coupling to G
proteins.

2. The conformational effect of the substitution of residues I156, I158 and N160 by VGV is a change in the distribution
of structures covering the accessible conformational space. While the distribution of the edited loops exhibits some
overlap with that of the unedited version, there is a clear deviation away from the region of potential interactions with
IL3. This may explain the fact that the 5HT2C-INI non-edited receptor couples more efficiently to G proteins while retaining
Vmax.

3. Our results support the hypothesis that a small difference in loop orientation is sufficient to account for the observed
reduction in G-protein coupling by disrupting the optimal orientation of IL2 relative to IL3 that achieves binding with their
respective sites at the G protein. This implies a high sensitivity of the system to small changes in the interaction surface
presented to the IL3 and/or the G-protein.

FIGURE 4: Same group of structures as in figure 2, viewed
from the intracellular side of the receptor in relation to IL3
shown schematically. This figure shows the trend in the
unedited receptor to  locate IL2 closer to IL3.
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FINDINGS

2. The average angle value is slightly different for the populations of edited and unedited structures. However they are
close indicating a significant extent of spatial overlap.

#  runs ? > 0 0 >? ?> - 2 5 - 2 5 >  ? ?> - 5 0 - 5 0> ?
90 16.9 % 42.9 % 28.9 % 11.2 %
100 17.0 % 43.1 % 28.7 % 11.1 %
110 17.3 % 41.9 % 29.7 % 11.0 %
120 18.4 % 40.9 % 30.5 % 10.1 %
130 18.5 % 41.7 % 30.5 % 9.3 %

#  runs ? ?> 0 0 >? ?> - 2 5 - 2 5 >  ?  > -50 - 5 0> ?
90 6.9 % 21.5 % 44.2 % 27.4 %
100 6.2 % 27.5 % 41.7 % 24.6 %
110 9.3 % 27.7 % 40.6 % 22.3 %
120 8.6 % 32.2 % 38.7 % 20.4 %
130 11.1 % 32.1 % 38.0 % 18.8 %
140 10.3 % 31.2 % 41.1 % 17.5 %
150 10.9 % 31.1 % 41.6 % 16.3 %

WILD TYPE EDITED 

The unedited receptor has an average ?  in the range of -21.2 ?. This area is the most populated one in the case of the
WT receptor  with 41.7% of the structures, while the same area in the case of the edited receptor has a 31.1%
population. However the most populated region in the edited receptor is the one corresponding to the third bin -25>? >50
(41.6%). The area corresponding to ? >0 is also larger for the WT than for the edited receptor. The WT loop shows a
clear trend toward higher values of ? ?than the edited one. This indicates that the non-edited (5HT2C-INI) receptor has a
slightly larger population of structures oriented towards the 7TM bundle than the 5HT2C-VGV edited one. Those structures
oriented towards the interior of the bundle would also have greater spatial proximity to the third intracellular loop (IL3).
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