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iGluRs undergo conformational changes to a desensitized state with channel
closure while glutamate remains bound. The LBD dimer interface plays
important roles in activation and desensitization. The first step in desensiti-
zation is believed to involve opening and rearrangement of this dimer inter-
face. The three major iGluR subtypes, AMPA, kainate and NMDA receptors,
are similar in structure and sequence, yet show large diversity in activation
and desensitization kinetics. AMPA receptors activate and desensitize
rapidly whereas NMDA receptors have much slower kinetics. Sequence vari-
ation at the LBD dimer interface may play key roles in determining these
properties of specific receptors. E.g., as opposed to other iGluRs, activation
of GluK2 homotetrameric receptors requires ion binding to the LBD dimer
interface. Using computational methods, equilibrium and biased molecular
dynamics simulations at atomic resolution, we have characterized the influ-
ence of subtype differences and interface mutations on the dynamics of LBD
dimers of GluA2 AMPA receptors, GluK2 kainate receptors and GluN1/
GluN2A NMDA receptors. Surprising differences are revealed, e.g. that
K759 of GluA2, which structurally appears to function like sodium in
GluK2 by positioning the positive charge in the ‘‘cation site’’ of GluA2,
dynamically has a destabilizing effect. Furthermore, interface stability has
been investigated using steered molecular dynamics simulations. For the ma-
jority of cases, the amount of work required to open the dimer interface pre-
dicts whether a mutation has a destabilizing effect, thus producing a less
active receptor.
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The kainate family of ionotropic glutamate receptors (GluK) mediate neuro-
transmission in pre- and post-synaptic neurons. Previously computed free
energy landscapes for iGluR ligand-binding domains (LBD) revealed
subtype-dependent conformational differences between NMDA and AMPA
iGluR families. Here we report free energy landscapes for the GluK2 ligand-
binding domain (LBD) in apo and glutamate-bound states. The GluK2 free
energy landscapes reveal both apo and glutamate-bound LBDs preferentially
access the closed-cleft conformation and suggest a conformational selection
mechanism of binding. These results are consistent with the free energy land-
scapes for NMDA receptors but not AMPA receptors. Additionally, the open-
cleft conformation is more accessible to the GluK2 apo state than the
glutamate-bound state, consistent with previous results for both NMDA and
AMPA receptors. Finally, large-scale structural dynamics are characterized
by principle component analysis.
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Acid sensing ion channels (ASICs) are neuronal cation selective channels that
respond to sudden drops in extracellular pH and desensitize in the continuous
presence of protons. The mechanism that allows these channels to sense and
respond to changes in extracellular pH is not well understood. Here we exam-
ined the contribution to channel activation of the finger and thumb domains of
ASIC1a, two areas that reside in close proximity in the periphery of the extra-
cellular region. Residues located at the interface of these two domains were
individually mutated to Cys and the reactivity of the mutant channels toward
the thiol reactive reagent MTSET was assessed using the two-electrode
voltage clamp technique. We identified seven sites in the thumb domain, po-
sitions 325, 327, 344, 345, 348, 351 and 352, and two in the finger domain,
positions 152 and 154, where MTSET treatment reduced the magnitude of the
response to extracellular acidification. Residues 325, 327, 344, 345, 348 in
the thumb domain are oriented toward residues 152 and 154 in the finger
domain in the solved atomic structure of ASIC1 at low pH. Our results indi-
cate that the finger and thumb domains experience a conformational change
and become closer in response to extracellular acidification. To further assess
the role of the finger-thumb interactions in ASIC1a proton activation, we
generated channels with substitutions at neighboring positions in the finger
and thumb domains. We found that the response to extracellular acidification
after MTSET treatment of double mutant channels bearing Cys substitutions
at positions 154 and 325 was significantly lower than the response of chan-
nels bearing individual mutations at these positions, consistent with func-
tional coupling between the finger and thumb domain. Taken together,
our results suggest that the finger and thumb domains contribute to ASIC1a
activation.
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Acid Sensing Ion Channels (ASICs) are proton sensitive ion channels found
in central and peripheral nervous system. They are involved in a variety of
physiological processes including sensory perception, synaptic transmission
and nociception. It is also involved in pathological processes like stroke
and hypoxia leading to cell death. Thus understanding the mechanism of
working of these ion channels are of importance in order to be able to design
modulators. Here we present results from a combination of biophysical, mo-
lecular, functional and computational studies that looks at various aspects of
ASIC functions. Earlier studies pointed towards possible involvement of
carboxylate residues in the extracellular domain, in pH sensing. Our results
indicate that there are three carboxylate pairs that are involved in gating. The
carboxylates upon proton binding, induce a conformational change that
causes the finger and thumb domains of ASIC come closer to each other.
Our results indicate that these carboxylate pairs and the conformational
change are key factors that mediate gating of the ion channel. We then pro-
ceeded to study the inter subunit conformational changes that might be
involved in desensitization process. Biophysical investigations indicate
that the subunits move away from each other upon desensitization. This
movement is not global between the subunits. The segments closer to the
central vestibule stay relatively in the same position whereas the residues to-
wards the periphery of the ion channel moves away from each other more
prominently. These results show that the ion channel undergoes a lateral
flowering-like motion during desensitization in comparison with the resting
state of the ion channel.
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P2X receptor channels are a family of trimeric cation channels that are acti-
vated by extracelluar ATP. Seven subtypes of P2X receptors have been iden-
tified in mammals, and they are widely distributed throughout the body,
serving important roles in sensory signaling and inflammation. In physiolog-
ical solutions, ATP is ionized and primarily found in complex with Mg2þ.
We recently found (Li, Silberberg and Swartz ,2013 PNAS 110, E3455-
63) that the slowly desensitizing P2X2 and P2X4 receptors can be activated
by free ATP, but MgATP2- promotes opening with very low efficacy; Mg2þ

thus acts as a competitive antagonist. In contrast, both free ATP and
MgATP2� robustly open the rapidly desensitizing P2X3 subtype, although
P2X3 receptor channel currents are inhibited by Mg2þ through an allosteric
mechanism. Interestingly, both inhibitory effects of Mg2þ are disengaged in
heteromeric P2X2/3 channels. In the present study we investigated the prop-
erties that P2X6 when forming heteromeric channels with P2X2 and P2X4

subunits. The P2X6 subunit is abundantly expressed in the central nervous
system along with P2X2 and P2X4, yet does not form functional homomeric
channels on its own. When co-expressed in HEK cells, we find that hetero-
meric P2X2/6 and P2X4/6 channels are functional, and unlike homomeric
P2X2 and P2X4 receptors, can be efficiently activated by MgATP2-. Our re-
sults also suggest that Mg2þ allosterically regulates P2X2/6 heteromeric
channels and we are currently investigating the underlying mechanism and
site of activation. Taken together, our results support the general idea
that heteromulterimerization of P2X receptor channels influences the forms
of ATP that can activate these channels and the regulatory influences of
Mg2þ.
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ATP-gated P2X7 receptors are prominently expressed in inflammatory
cells and play a key role in the immune response. A major consequence of
receptor activation is the regulated influx of Ca2þ. Although the physiological
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