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Conantokin-P (con-P) and conantokin-Pr3 (con-Pr3), peptides isolated from Conus venoms have shown high potency 
and selectivity for the N-methyl-D-aspartate (NMDA) receptor GluN2B subunit. In this work, structural bases for these 
characteristics were investigated through in silico modelling and molecular dynamics simulations. Con-P and con-Pr3 were 
predicted to adopt stable α-helical conformations in the presence of Ca2+. The non-standard gamma-carboxyglutamate (Gla) 
residues in these conotoxins were observed to be important for the association of Ca2+. In con-P and con-Pr3, Gla residues 
form salt bridges with GluN2B basic amino acid residues. Additionally, basic amino acid residues of the conantokins form 
salt bridges with GluN2B acidic residues. Calcium binding is shown to enhance the participation of Gla residues in salt-
bridge formation of both con-P and con-Pr3. Molecular docking revealed the existence of con-P binding sites in both the 
external and internal faces of the GluN2B amino-terminal domain–agonist-binding domain (ATD-ABD) pocket. In contrast, 
con-Pr3 docked only to the internal face. For con-P, increased hydrogen bond interactions and more salt bridges were 
observed for docks at the external face compared to those at the internal face. Additionally, con-P binding at the external 
face of the ATD-ABD pocket can induce an inward stretching motion for the ATD. This stretching occurred with greater 
magnitude in the presence of Ca2+, suggesting that Ca2+ influenced conformational changes in the external face of the 
ATD-ABD pocket. Calcium ions also cause outward stretching for con-P, when bound at the internal face of the ATD-ABD 
pocket. Interestingly, for con-Pr3, Ca2+ resulted in minimal movement, while large outward stretching was observed in Ca2+-
free conditions. Notably, the observed binding affinities for con-Pr3 reflect similar magnitudes as previous studies. 
Furthermore, molecular dynamic simulations revealed that con-P may form both dimers and trimers that are sustained by 
multiple Ca2+-Gla intermolecular bridges, while con-Pr3 may entail the recruitment of three sets of Gla residues to form a 
stable multimer. These characterizations of conotoxin binding to NMDA receptors provide bases for the development and 
testing of conantokin-based therapies for neurological conditions.  

Keywords:  Conantokin, Conotoxin/conopeptide dimers and trimers, Conus venom, GluN1, GluN2A, GluN2B, 
N-methyl-D-aspartate receptor

The N-methyl-D-aspartate (NMDA) receptors are 
ligand-gated cation channels that have vital roles in the 
development of the central nervous system (CNS). 
They have different subunits, and their variants have 
various functions in the brain. These tetrameric NMDA 
receptors are either of the diheteromeric, or the 
triheteromeric subtype. Diheteromeric NMDA 
receptors are made up of two GluN1 subunits and two 
identical GluN2 subunits. Triheteromeric NMDA 

receptors are composed of two GluN1 subunits and two 
different GluN2 subunits (e.g., GluN2A and Glu N2B). 
The GluN1/GluN2A/GluN2B (also referred to as 
NR1/NR2A/NR2B) triheteromeric subtype is posited 
to be the most abundant in the adult forebrain1,2. 

Because of their role in the CNS, the NMDA 
receptors are considered as prime drug targets for 
various neurological disorders. Cognitive symptoms 
linked to deficits in learning and memory, such as in 
Alzheimer’s disease, have been associated with 
disorders in glutaminergic neurotransmission. Excessive 
stimulation of neurons by the glutamate neurotransmitter 
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monomeric, dimeric, and even trimeric metallozippers 
based on their sequence and cation availability7. 

The conantokin-P (con-P), characterized in  
Conus purpurascens venom ducts, is different from 
other members of the conantokin family. Con-P, 
which consists of 24 amino acid residues, is less helical 
than the other previously characterized conantokins 
based on circular dichroism. Con-P has five Gla 
residues and a long disulfide loop consisting of 12 
amino acids. Two Gla residues are placed between the 
Cys residues in this loop. Con-P blocks the NMDA 
receptor GluN2B with submicromolar potency8.  

The conantokin-Pr3 (con-Pr3), isolated from Conus 
parius venom, consists of 19 amino acids including 
three Gla residues. It contains several amino acids that 
differ from earlier known conantokin consensus 
sequences. Con-Pr3 notably lacks Gla at the 3rd position 
from the N-terminus. This Gla residue is substituted by 
4-trans-hydroxyproline (Hyp), another post-
translationally modified amino acid. Unlike other 
conantokins, Con-Pr3 adopts an alpha-helical 
conformation even in the absence of divalent cations. 
Like the other conantokins, it elicits sleep in young mice 
and hyperactivity in older mice upon intracranial 
injection. Electrophysiological assays confirm that con-
Pr3 is an NMDA receptor antagonist, with 
approximately 10-fold selectivity for the NMDA 
receptor GluN2B9.  

The studies on con-P and con-Pr3 indicate that 
different Conus species evolve to produce diverse 
groups of conantokins with unique biochemical and 
structural features. Some of these features may 
converge to increase specificity for similar targets. 
Investigating these distinct features in con-P and con-
Pr3 allows the definition of structural bases through 
which conantokins selectively target NMDA receptors.  

In silico experiments were performed to 
characterize the structural features and predicted 
interactions of con-P and con-Pr3 with their target 
NMDA receptor, specifically the GluN2B subunit. 
The results provide structural bases for the 
preferential binding of specific conantokin features to 
select target surfaces. This information supports the 
development of conantokin-based pharmacological 
agents for the treatment of neurological disorders. 
 

Materials and Methods 
 

Structure preparation 
The sequence and structural features of con-P were 

based on the characterization by Gowd and 
colleagues8. The unmodified peptide was modeled 

using the C-I-TASSER server (http://zhanglab.ccmb. 
med.umich.edu), which allowed the prediction of a 
disulfide-loop structure by specification of residue 
contact between Cys11 and Cys2410. The Gla residue 
and amidated C-terminus were modeled in 
CHARMM-GUI11.  

The sequence and structural features of con-Pr3 
were based on the characterization by Teichert and 
colleagues9. Its unmodified peptide sequence was 
modeled with the I-TASSER server12. The Gla and 
Hyp residues, and amidated C-terminus were added 
using the CHARMM-GUI PDB reader. 

To model the potential dimeric and trimeric forms, 
X-ray crystal structures of the antiparallel dimeric 
conantokin-G (con-G)(PDB ID: 2DPQ) and 
conantokin-T(K7Gla)(PDB ID: 2DPR)5; and trimeric 
con-G(Q6A)(CCDC 683228)7 served as templates 
where con-P and con-Pr3 representative structures 
were aligned. 

To model the NMDA receptor, the PDB structure 
of the human GluN1/GluN2A NMDA receptor in the 
glutamate/glycine-bound state (PDB ID: 6IRA) was 
used as a reference structure13. Sequences of human 
GluN1, GluN2A, and GluN2B subunits were obtained 
from UniProt and were submitted to I-TASSER with 
PDB:6IRA as template to generate the complete 
subunit structures. The generated structure has a high 
similarity to an available structure in the Alphafold 
Protein Data Bank, with an RMSD of 4.735 A  
(Suppl. Fig. 1). Tetrameric structures for the 
GluN1/GluN2A; GluN1/GluN2A/GluN2B; and 
GluN1/GluN2B were assembled using the align 
function in PyMOL14. 

 
Molecular dynamics parameters 

Molecular dynamics (MD) simulations were 
performed using the GROMACS suite 2023.215. The 
CHARMM36 all-atom force field was chosen for the 
availability of parameters for the non-standard amino 
acids, Gla and Hyp16. All systems consisted of a cubic 
unit cell with a protein-box distance of 1.0 nm 
solvated with TIP3P water and neutralized with either 
Na+ or Ca2+, and Cl- to a concentration of 0.01 M. 

Energy minimization was conducted using the 
steepest descent algorithm until the maximum force 
was less than 1000.0 kJ mol-1 nm-1. The system was 
then first equilibrated by isothermal-isochoric 
equilibration for 100 ps, followed by isothermal-
isobaric equilibration for 100 ps at 1 bar with the 
Parrinello-Rahman barostat. Temperature was 
maintained at 300 K for both steps. Production MD 
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was performed with 2 fs time step with applied 
periodic boundary conditions. Con-P and con-Pr3 
were run for 100 ns while the complete NMDA 
GluN1/GluN2A/GluN2B receptor was run for 1 ns. 
Conantokin:NMDA complexes were run for 5 ns. 

Analyses of production MD trajectories were done 
with the GROMACS suite to determine whole protein 
RMSD, per-residue root-mean-square fluctuation 
(RMSF), define secondary structure of proteins 
(DSSP), hydrogen bond count. The Visual Molecular 
Dynamics (VMD) Salt Bridges tool was used to 
determine salt-bridge interactions 17. 

 
Molecular dynamics simulation: Modelling the monomeric, 
dimeric, and trimeric forms of conantokins 

The representative structures for con-P and con-Pr3 
were obtained from the MD trajectories using the 
GROMACS suite’s gmx cluster function using the 
single linkage method with a root-mean-square 
deviation (RMSD) cutoff of 0.1 nm. 

The representative structures for the conantokin 
dimers and trimers were identified using a 
dimensionality reduction and Free Energy Landscape 
(FEL) analysis18. Principal Component Analysis 
(PCA) was performed on the alpha-carbon atom 

fluctuations to identify the primary collective 
variables of the system. The trajectory was projected 
onto the first two principal components (PC1 and 
PC2), and the joint probability distribution was used 
to construct a Free Energy Landscape via the 
relationship G = −kBT ln(P(PC1,PC2)). The 
representative structure was defined as the 
configuration corresponding to the global free energy 
minimum (the most populated state) on the FEL. All 
statistical analyses and landscape mapping were 
conducted in GROMACS and R. 

 
Molecular docking: Conantokins to NMDA GluN1/GluN2A/ 
GluN2B 

Conantokins were docked to the NMDA 
GluN1/GluN2A/GluN2B extracellular domain 
tetramer using the ClusPro 2.0 docking server19. The 
choice of the extracellular domain was to avoid docks 
associated with the transmembrane domain of the 
NMDA receptor. The representative PDB structures 
of conantokins were submitted without post-
translational modifications (PTMs), except for the 
disulfide loop of con-P. Representative docks of sites 
within GluN2B were determined for each conantokin 
from the ‘balanced’ results of ClusPro 2.0. 

 
Molecular dynamics simulation: Analysis of the 
conantokin:GluN2B complex 

After initial docking, production MD was done on 
representative docks of con-P and con-Pr3 located at 
the internal and external pockets of the glutamate-
binding domain with PTMs included. To account for 
the effect of bound Ca2+ on the conformation of the 
conantokin and the complex, production MD was 
performed both with pre-bound Ca2+ (Ca2+-bound), 
and ‘Ca2+-free’ states in 0.01 M CaCl2. Given that the 
dock outputs from ClusPro 2.0 do not contain PTMs, 
the representative PTM-containing structures of the 
conantokins were aligned to their docked counterparts 
in PyMOL, prior to the MD simulations. 

 
Binding energy estimation 

Analysis of binding energy by Molecular 
Mechanics Poisson-Boltzmann Surface Area 
(MMPBSA) was done using the gmx_MMPBSA 
tool20. The binding energy ΔGbinding was calculated by 
the following equation: 
∆𝐺௕௜௡ௗ௜௡௚ ൌ ∆𝐺௖௢௠௣௟௘௫ െ ൫∆𝐺௥௘௖௘௣௧௢௥ െ ∆𝐺௟௜௚௔௡ௗ൯  

Where ΔGcomplex is the total Gibbs’ free energy of the 
complex, ΔGreceptor is the contributed free energy of 
the receptor, and ΔGligand is the contributed free energy 
of the ligand. 

 
 
Fig. 1 — Stabilization of con-P and con-Pr3 by Ca2+ ions.
Representative structures of con-P (a) and con-Pr3; (b) bound to
Ca2+ ions, showing minimum distance of each Ca2+ ion (Con-P:
CAL1, CAL2, CAL3, & CAL4; Con-Pr3: CAL1, CAL2, &
CAL3) from con-P and con-Pr3 during production MD in
0.01M CaCl2; (c) Total protein RMSD of individual conantokins
in 0.01M CaCl2 or NaCl; and (d) Per-residue RMSF of individual
conantokins solvated in 0.01M CaCl2 or NaCl 
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Results and Discussion 
 

Ca2+-bound conformation of con-P and con-Pr3 
Stable, α-helical and Ca2+-bound conformations 

were adopted by both con-P and con-Pr3. For con-P 
the helical structure was made with its long disulfide 
loop placed near the C-terminal end of the helix.  

Calcium ions were shown to bind con-P and con-
Pr3, particularly at their Gla residues. Con-P, which 
has more Gla residues, persistently bound three Ca2+ 
ions, while con-Pr3 bound two Ca2+ ions throughout 
the simulation run (Fig. 1A & 1B).  

Calcium ion binding contributed to the stabilization 
of con-P as shown by stable RMSD and lower RMSF 
values in conditions simulating a CaCl2 solution. Lower 
RMSF values in CaCl2 were observed compared to 
simulations in NaCl. Variations were most pronounced 
in residues Arg16, Val17, and Asn18, and Ca2+ binding 
was observed to stabilize the disulfide-loop residues. 
Conversely, con-Pr3 stability may rely less on the 
presence of Ca2+, as shown by the similar RMSD and 
RMSF values in both solvents (Fig. 1C & 1D).  
 
Con-P and con-Pr3 binding to NMDA receptor GluN2B  

Representative docks for each site in GluN2B were 
determined from the top-scoring docks predicted by 
ClusPro 2.0. Some high scoring docks were found to 
cluster in pockets between the amino-terminal domain 
(ATD) and the agonist-binding domain (ABD)  
(Fig. 2B, 2C, 2E & 2F). This pocket was previously 
determined to be the binding site for the pyrrolidinone 
analog PYD-106, a positive allosteric modulator of 

the GluN2C sub-unit21,22. The conantokins, however, 
were predicted to have two possible sites of binding to 
this GluN2B pocket: first, at the external face, 
providing more contact with the external solvent; and 
at the internal face, resulting in more contact with the 
GluN1/N2 subunits. Docks were also observed at 
potential allosteric sites within the ATD of GluN2B 
(Fig. 2A & 2D). 

To further characterize these binding modes, 3Å 
interaction networks were mapped for both peptides at 
each face (Suppl. Fig. 2). These networks illustrate that 
both con-P (Suppl. Fig. 2A & 2B) and con-Pr3 (Suppl. 
Fig. 2C & 2D) utilize their gamma-carboxyglutamate 
(Gla) residues as primary anchors, forming dense 
contact clusters with basic receptor residues. This 
mapping confirms that the ATD-ABD pocket can 
sterically accommodate these helical peptides, providing 
a structural basis for the high docking scores observed at 
both the internal and external interfaces. 

The predicted conantokin interactions with the 
internal face of the ATD-ABD pocket suggest 
possible access to this region of molecules larger than 
the known NMDA ligands (e.g., PYD-106). This is 
supported by the fact that conantokin interactions 
were still predicted for this location even when 
docking with the full tetrameric NMDA structure in 
the fully closed agonist-bound state. Moreover, the 
accessibility of the internal face is consistent with the 
dynamic conformations of the full NMDA receptor 
from cryo-electron microscopy studies13,23. Within the 
ATD-ABD pocket, con-P docked at both the internal 

 
 

Fig. 2 — Molecular docking of con-P and con-Pr3 show binding to the ATD-ABD pocket and allosteric domains. (a) Balanced docks of 
con-P on GluN2B; (b) Selected high-scoring docks of con-P at the ATD-ABD pocket; (c) The ATD-ABD pocket with con-P bound at the 
external and internal face. (d) Balanced docks of con-Pr3 on GluN2B; (e) Selected high-scoring docks and aligned dock of con-Pr3 at the 
ATD-ABD pocket; (f) The ATD-ABD pocket with con-Pr3 bound at the external and internal face; and (g) The ATD-ABD pocket with 
con-Pr3 bound at the internal and external face. 



GENATO et al.: CONANTOKIN-P AND CONANTOKIN-PR3 BINDING TO NMDA RECEPTOR GluN2B SUBUNIT 
 
 

963

and external faces (Fig. 2A), while con-Pr3 docked 
only at the internal face (Fig. 2D). To investigate the 
possible effect of a bound con-Pr3 at the external 
face, con-P docked at the external face was replaced 
with con-Pr3 for one simulation (Fig. 2E & 2F).  

MD simulations (5 ns) of conantokin:GluN2B 
docks in 0.01M CaCl2 suggest that con-P and con-Pr3 
strongly bind to GluN2B at the external face of the 
ATD-ABD pocket. The structure of GluN2B 
remained relatively unaffected by conantokin-binding 
as shown by similar RMSD and RMSF values 
compared to the free receptor (Fig. 3A & 3B). 
Increased hydrogen bond interactions were observed 
at the external face for con-P and con-Pr3 ranging 
from 3 to 10 hydrogen bonds throughout the 
simulation. This is as opposed to the internal face 
with a range of 0 to 5 hydrogejsn bonds. Similarly, 
more salt bridge interactions were observed at the 
external face with up to 5 salt bridges for con-P and 4 
salt bridges for con-Pr3, compared to docks in the 
internal face recording only a maximum of 2 salt 
bridges.  

To investigate the effect of initial Ca2+ binding on 
docking stability and GluN2B structure, MD 

simulations using representative Ca2+-bound 
conantokins were performed. In contrast to the Ca2+-
free simulations, disruption of GluN2B was observed 
in the form of increased RMSD and RMSF values 
(Fig. 4A & 4D). The simulations showed increased 
hydrogen bond and salt bridge interactions between 
con-P and GluN2B at the external pocket of the ATD-
ABD pocket compared to Ca2+-free simulations  
(Fig. 4B & 4C). 

 

Conformational changes in GluN2B bound to conantokin 
The induced conformational changes of GluN2B 

were observed based on the movement vectors of the 
ATD with respect to a fixed ABD. These revealed that 
con-P and con-Pr3 bound to the external face of the 
ATD-ABD pocket can induce an inward stretching 
motion for the ATD. A greater effect was induced by 
con-P (Fig. 5A & 5B). This motion has been proposed to 
induce a pore closing mechanism for GluN2B, which is 
consistent with the inhibitory effect of conantokins on 
NMDA receptor functions24. In Ca2+-bound simulations, 
greater conformational changes are observed. Con-P 
stretches inward in greater magnitude compared to the 
Ca2+-free simulation. Additionally, simulations of  
Ca2+-bound con-P associated with the  internal  face  of  

 
Fig. 3 — Con-P and con-Pr3 strongly associate with the external face of the ATD-ABD pocket. (a) Total protein RMSD of GluN2B; and 
(b) RMSF per-residue of GluN2B with endpoint secondary structure of apoenzyme 
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Fig. 5 — Direction of conformational changes of Ca2+-free con-P 
(a) or con-Pr3; and (b) bound to the external face of the ATD-
ABD pocket. Front, side, and top views shown 
 

GluN2B result in large outward stretching motions for 
con-P. Together, these suggest that Ca2+ bound con-P 
can influence the conformational changes of the 
GluN2B ATD-ABD pocket.  

In contrast, Ca2+-free simulations with con-P bound 
to the internal face of the ATD-ABD pocket result 
only in limited conformational changes. Conversely, 
Ca2+-free simulations predict large outward-stretching 
motions for con-Pr3 bound to the internal face. 
 
Role of gamma-carboxyglutamate residues in GluN2B binding 

Tracking the salt bridges formed between acidic 
(Gla, Glu, & Asp) and basic (Arg & Lys) residues 
show the involvement of the Gla residues in binding 
to the GluN2B ATD-ABD pocket. For con-P, Gla3 
forms salt bridges with Arg439 and Arg505 while 
Gla23, positioned within the disulfide loop, forms salt 
bridges with Lys372. In con-Pr3, Gla10 forms salt 
bridges with Arg505. Also notable are the 
involvement of basic residues within the conantokin. 
In con-P, Arg16 and Lys19 form salt bridges with 
Glu397. In con-Pr3, Lys15 forms salt bridges with 
Glu397 and Glu400 (Table 2).  

Calcium binding is shown to increase the 
involvement of Gla residues in salt-bridge formation. 
In con-P, Gla10 forms a salt bridge with Arg505 
while Gla23 forms an additional salt bridge with 
Lys369. In con-Pr3, Gla4 forms a salt bridge with 
Arg393. The basic residues of con-P remain largely 

 
 

Fig. 4 — Calcium-binding to con-P enhances interactions with GluN2B. (a) Total protein RMSD of GluN2B; (b) Number of hydrogen
bonds between conantokin and GluN2B; (c) Number of salt bridges between conantokin and GluN2B; and (d) RMSF per-residue of 
GluN2B with endpoint secondary structure of apoenzyme 
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unaffected, while Lys15 of con-Pr3 loses contact with 
Glu400 (Table 2). The Gla3 in con-P and Gla10 in 
con-Pr3 were also observed to have the lowest 
average salt-bridge distances throughout the Ca2+-
bound simulation. These results are consistent with 
the divalent-cation dependence of con-P and suggest 
that con-P and con-Pr3 interactions are predominantly 
electrostatic. 

Roles of Ca2+ and Gla residues in dimer and trimer 
structures of conantokins. The potential of the 
conantokins to form dimer and trimer structures was 
evaluated. Probable dimer and trimer structures that were 
generated were found to have stable RMSD values, 
except for dimeric con-Pr3. Notably, RMSD of the trimer 
structures were considerably lower than those of the 
dimer. This could be because more Gla residues are 
involved in Ca2+ binding. In the same vein, con-P formed 
stable dimer structures with the same initial conditions, 
likely due to it having five Gla residues in its structure. In 
contrast, con-Pr3, having only three Gla residues, showed 
higher overall RMSD and showed dimer separation 
during MD simulation when initially aligned to the con-
T[K7Gla] dimer (Fig. 6A). However, RMSF values were 
consistently lower for con-Pr3 than for con-P, which may 
indicate a perturbation in the overall multimer, as 
opposed to influences by individual residues (Fig. 6B).  

Structural alignment of these assemblies provides a 
definitive basis for these observations (Fig. 7).  

For con-P at the external face, the dimers 
(referenced to both con-G and con-T) and the trimer 
show a highly ordered helical bundle. The Ca2+ (red 
spheres) are strategically positioned to bridge the Gla-
rich interfaces, maintaining a tight association with the 
receptor. Similarly, for con-P at the internal face, the 
multimeric structures further exhibit more crowded 
internal pocket, the trimer configuration shows a robust 

"calcium-sandwich" that anchors the peptides 
effectively. In contrast, the alignment of  
con-Pr3 at the internal face reveals a clear reduction in 
structural integrity. Looking at the most represented 
structures, con-P shows 3 and 4 Ca2+ ions sandwiched 
between Gla residues of the dimers, and 3 Ca2+ ions 
between those of the trimer. For con-Pr3, only one 
dimer structure has sandwiched Ca2+ ions, with a 
disruption of the initial antiparallel conformation, and 
only 2 Ca2+ ions are shared in the trimer structure (Fig. 
6C). Overall, these simulations show that con-P may 
form both dimers and trimers that are supported by 
multiple Ca2+-Gla intermolecular bridges, while con-
Pr3 may require the recruitment of three sets of Gla 
residues to form a stable multimer. 

 

Binding energy calculation 
MMPBSA calculations show con-P and con-Pr3 

exhibiting “negative” binding energies, indicating 
stability for the interacting structures. More negative 
values are observed for the con-P ligand, suggesting 
its increased structural stability compared to con-Pr3. 
Greater structural stability is also observed when the 
conotoxins bind the external face of the ATD-ABD 
pocket compared to the internal face, consistent with 
the involvement of more hydrogen bond and salt 
bridge interactions. Between con-Pr3 and con-P, more 
negative binding energies are observed for 
interactions involving con-P. The presence of Ca2+ is 
observed to induce a distinct difference in binding 
energy for complexes with con-P bound to the 
internal faces of the ATD-ABD pocket. In contrast, 
the presence of Ca2+ does not result in a significant 
difference for the binding energies of con-Pr3 to 
either the external or internal faces (Table 3). These 
results suggest a possible Ca2+-dependent effect on 
con-P interactions, but not for con-Pr3. 

Table 2 — Salt bridges formed between residues of conantokins and GluN2B 
Con-P Con-Pr3 

External Internal External Internal 
Ca2+-free Ca2+-bound Ca2+-free Ca2+-bound Ca2+-free Ca2+-bound Ca2+-free Ca2+-bound 
E2-R439   E2-R393 E2-R439    

    E2-K438    
U3-R439 U3-R505    U4-R393   
U3-R505 U10-R505   U10-R505 U10-R505   

 U23-K369  U23-R431     
U23-K372 U23-K372       
R16-E397 R16-E400 R16-D786      
R16-D403 R16-D403 R16-E788      
K19-E397 K19-E397 R16-E791 R16-E791 K15-E397 K15-E397   

    K15-E400 
 

K15-E397 K7-E198 K15-E191 
K15-E198 

Salt bridges were detected between residues of conantokins and GluN2B throughout production MD for 5 ns. U, gamma-
carboxyglutamate. 
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Table 3 — Estimation of binding energy as MMPBSA between conantokins and GluN2B 
   ΔG MMPBSA (kcal/mol) 
Conantokin Face on ATD-ABD Pocket State Complex Receptor Ligand Binding Energy 

Con-P 
External Ca2+-free -8027.82 -6488.42 -1574.11 34.72 

Ca2+-bound -8106.37 -6566.32 -1558.30 18.25 

Internal Ca2+-free 8413.93 9937.78 -1583.43 59.58 
Ca2+-bound -7984.26 -6529.35 -1551.00 96.09 

Con-Pr3 
External Ca2+-free -7543.58 -6712.33 -818.85 -12.40 

Ca2+-bound -7551.89 -6787.14 -803.80 39.05 

Internal Ca2+-free -7443.97 -6635.43 -825.57 17.03 
Ca2+-bound -7428.61 -6622.61 -808.29 2.29 

 

These results expand on the preliminary docking 
studies conducted by Waqar and Batool25. In their 
study, they computed binding energies of -15.45 
kcal/mol for con-P and -10.20 kcal/mol for con-Pr3. 
Our results predict similar magnitudes of binding 
energy for con-Pr3, which were predicted to assume 
helical structures in both studies. In contrast, our 
study predicts lower binding affinities for con-P 
compared to con-Pr3. We attribute these differences 
to our inclusion of the disulfide bond (Cys11-Cys24), 
which resulted in a different modelled structure  
upon equilibration, prior to molecular docking. 
Additionally, this study suggests the significance of 
Ca2+ for the binding of the Gla-rich conantokins, 
particularly for the facilitation of residue contacts that 
promote functional binding interactions.  
 
Conclusion  

In the present work, it was determined that Ca2+ 
binding contributed to salt-bridge formation between 
GluN2B and the Gla residues of con-P and con-Pr3. 
These interactions were observed to influence con-P 
and con-Pr3 dimer and trimer stability. Ca2+ binding 
was also observed to influence the predicted binding 
affinities of con-P and con-Pr3 for target sites on 
GluN2B. These results provide structural bases for the 
preferential binding of these conantokins to their 
target NMDA receptor subunit. By acting as GluN2B 
antagonists, these conantokins can possibly prevent 
the deleterious effects of neuroexcitotoxicity caused 
by glutamate neurotransmitters and serve as 
foundations for novel therapeutic strategies. 
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