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Abstract
Lectins are proteins that reversibly bind to carbohydrates without altering their structures. These proteins
are present in practically all living beings and exert different functions. Understanding the molecular
basis underlying the interaction between lectins and carbohydrates can help elucidate many biological
activities of lectins. Parkia lectins have unique structural features within the legume family. They have
protomers that associate as dimers, each with 3 β-prism domains, very similar to Moraceae lectins. This
pattern is not conserved in any other Leguminoseae lectins. Each domain is unique in composition, but
all have specificity for D-mannose and derivatives. This work aims to use docking and molecular
dynamics approaches to characterize the interaction between Parkia platycephala (PPL) and Parkia
biglobosa (PBL) lectins and D-mannose, building, as a result, a model to study lectin-carbohydrate
interactions in general. MD trajectories demonstrate the stability of the lectins, whether in their native
state or interacting with D-mannose. In addition, both molecular mechanics with generalized Born
solvation and surface area (MM/GBSA) and molecular mechanics/Poisson–Boltzmann surface area
(MM/PBSA) were used. When combined with the Interaction Entropy (IE) method, the binding energy of
each domain with D-mannose was calculated to determine the participation of each amino acid in each
domain during carbohydrate interaction. Trajectory analysis, as performed herein, has allowed for the
expansion of knowledge about lectin-carbohydrate interactions based on our model, as well as the
residues responsible for the binding with monosaccharides, thus contributing to future studies of Parkia
lectins.

1. Introduction
Lectins comprise a group of proteins able to reversibly bind carbohydrates in a specific way through
interaction with glycoconjugates in solution or on the cell surface. In particular, legume lectins stand out
as a group with several purified and characterized proteins with closely related physicochemical
properties and biological activities, as reported in the literature [1–3]. At the structural level, legume lectins
are usually composed of a monomer of ~ 230–240 amino acids with around 25–30 kDa of molecular
weight. The monomer folds into a jellyroll motif or β-sandwich and has two characteristic domains. The
metal-binding site (MBS) binds divalent cations, such as calcium and manganese. It is essential for the
formation of the second domain, the carbohydrate recognition domain (CRD). It is responsible for lectin
activity [4]. These monomers can organize themselves into dimers or tetramers, depending on the lectin
[5–7]. In general, this profile is found in most legume lectins with some exceptions. For example, lectins
from the Parkia genus display a completely different structural organization in their tertiary and
quaternary structures [2].

The Parkia genus is part of the Mimosoideae subfamily (Fabaceae family).The literature contains seven
studies reporting on Parkia hololectins, as follows: Parkia javanica (PJL) [8], P. speciosa (PSL) [9], P.
discolor (PDL) [10], P. biglandulosa (PbiL) [11], P. pendula (PpeL) [12], P. roxburghii (PRL) [11], P.
panurensis (PpaL) [13], P. biglobosa (PBL) [14, 15] and P. platycephala (PPL-1) [16]. These lectins are
specific to mannosides and glycosides with optimal activity in a pH range between 6 and 8 and stable
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above 60°C. Structurally, these proteins share a high degree of similarity at primary structure level. Parkia
lectins present molecular mass ranging between 45 and 49 kDa and are composed of ~ 447 amino acids
[2]. Only two lectins have had their three-dimensional structure experimentally determined. PPL structure
complexed with Xman (5-bromo-4-chloro-3-indolyl-α-D-mannose) was elucidated to a resolution of 2.5 Å,
and PBL complexed with α-methyl-mannoside was resolved at a resolution of 2.12 Å, both by X-ray
crystallography [15]. PBL and PPL monomers consist of three β-prism domains tandemly arranged, each
one presenting a different CRD, but all with the same specificity. Furthermore, two monomers are able to
associate to form a dimer, totaling six CRDs in the native structure [15, 17]. Parkia lectins present
antinociceptive and anti-inflammatory activities in mice, as well as antiproliferation of lymphoma and
hybridoma murine cell lines [11, 14, 15]. Therefore, understanding the molecular behavior of these
proteins when interacting with carbohydrates is important to elucidate the biological mechanism(s) that
underlie(s) such biological activities.

Several works have demonstrated the behavior of legume lectins that present β-sandwich folding, but no
work has, so far, demonstrated simulations of proteins with folding related to Parkia lectins [18–20].
Overall, therefore, this work aims to investigate the dynamic behavior of PPL and PBL, as well as
properties of their respective carbohydrate recognition domains (CRDs) and relevant residues, analyzing
in detail the interactions between the lectins and D-mannose by molecular docking and dynamics.

2. Methods

2.1 Ligand-binding predictions
The initial coordinates of PBL and PPL in complex with D-mannose (MAN) applied in molecular
dynamics simulations were obtained by molecular docking. Inputs for the simulations were obtained
according to the following procedures. Ideal MAN coordinates were downloaded from PubChem (MAN
code), and both PPL and PBL crystallographic coordinates were obtained from the Protein Data Bank
(PDB) with access codes 1ZGS [17] and 4MQ0 [15], respectively. GOLD protein-ligand docking software, v.
2.0 [21, 22], was chosen for simulations with the following settings: number of operations, 10,000;
number of poses, 30; population size, 100; selection pressure, 1.1; number of islands, 5; niche size, 2;
crossover frequency, 95, and ChemPLP as the scoring function [23]. The simulation was performed at the
center of each carbohydrate-recognition domain (CRD) and all atoms in a 6 Å radius. Each CRD was
evaluated individually, and the best poses were selected, considering the score, hydrogen bonds, nonpolar
interactions, and ligand geometry penalties [24, 25]. The algorithm’s validity was assessed by redocking
the crystallographic ligands with the respective lectins, 5-bromo-6-chloro-3-indolyl-α-D-mannopyranoside
(X-man) for PPL and α-methyl-D-mannopyranoside for PBL.

2.2 Molecular dynamics simulations
Molecular dynamics simulations were performed for PPL and PPL dimers, both unliganded and bound to
MAN, to compare the differences in structure and dynamic behavior between the complexed and
uncomplexed forms of the lectins. Four different systems were set as inputs for the simulations: PPL-
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only, PBL-only, PPL-MAN and PBL-MAN. Files for the simulations were prepared in the CHARMM-GUI web
server [26, 27] and applied on the AMBER21 suite [28] with the parameters of CHARMM36m force field
[29]. All systems were solvated with the TIP3P water model and neutralized with counter ions (Na+).
90,679, 90,642, 90,647 and 90,599 water molecules were added to PPL-only, PBL-only, PPL-MAN and PBL-
MAN systems, respectively. All systems were subjected to energy minimization steps using the
combination of steepest descent and conjugate gradient algorithms with 10 kJ/mol as convergence
criteria, and the minimized systems were equilibrated with 600,000 steps (500 ps) of NVT followed by the
same number of steps under the NPT ensemble. Temperature and pressure of systems were set to 300 K
and 1 bar maintained by a Langevin thermostat and an isotropic Monte-Carlo barostat [30], respectively.
Time step for the simulations was set to 2 fs, and the SHAKE algorithm [31] was applied to constrain
covalent bonds involving hydrogen atoms. Particle Mesh Ewald (PME) [32] was applied to calculate long-
distance electrostatic interactions with a threshold of 10 Å.

2.3 Trajectory analysis
The following analyses were performed with the generated trajectory: root mean square deviation
(RMSD), root mean square fluctuations (RMSF), radius of gyration (RoG), intermolecular hydrogen bonds
(HB), contact frequency (CF) and solvent accessible surface area (SASA). Cpptraj [33], Xmgrace and VMD
[34] were used to extract and analyze the trajectory data.

2.4 Binding free energy calculation
Binding free energies of the complexes between PPL or PBL with D-mannose ligands were estimated by
molecular mechanics/Poisson–Boltzmann surface area (MM/PBSA) and molecular
mechanics/Generalized Born (GB) solvent accessible surface area (MM/GBSA) [35, 36]. The entire
simulation was applied according to Eq. (1), estimated using Eq. (2), as follows:

ΔGbinding = Gcomplex− (Gprotein + Gligand), (1)

where Gcomplex is the free energy of the complex, Gprotein is the free energy of protein, and Gligand is the
free energy of ligand, and

G = Egas+ Gsolvation−TS, (2)

where Egas refers to molecular mechanics free energy in gas phase, including the contributions of
electrostatic, van der Waals, and internal strain energy. Solvation free energy ΔGsolv includes polar (ΔGPB)
and nonpolar (ΔGSA) contributions (Eq. 3), as

ΔGsolv = ΔGPB + ΔGSA (3).

PB and GB (MM/GBSA approach) models were used to estimate the polar contribution. The interior and
exterior dielectric constants were set to 1 and 80, respectively. Nonpolar solvation energy was estimated
by solvent-accessible surface area (SASA); for this, the surface tension proportionality constant γ was set
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to 0.00542 kcal× molÅ2, and b, the free energy of nonpolar solvation for a point solute, was set to 0.92
kcal× mol. Sphere radius for SASA calculation was 1.4 Å. After simulation, the energy file was used to
generate the binding free value of PPL and PPL with mannose ligands. The contribution for each relevant
residue for binding was generated by VMD using the output of MM/PBSA as input for the software.

2.5 Interaction Entropy (IE) method
In this section, we briefly discuss the IE method used to obtain the entropic term. Protein-ligand binding
free energy (∆G) can be given by

(1)

where  stands for gas-phase free energy, and stands for solvation free energy. Rewriting
the gas-phase component [37, 38], we have

2

where β = 1/kBT and kB is the Boltzmann constant, T is the absolute temperature, , and  are
internal energies of the protein, ligand and waters, respectively.  and  are interaction energies of

protein-ligand, protein-water and ligand-water, respectively. The protein-ligand interaction incorporates
electrostatic and van der Waals interactions. After integration and some mathematical manipulations of
Eq. (2), we have

  (3)

Therefore, the IE is defined as

(4)

where  is the fluctuation of protein-ligand interaction energy around the ensemble averaged

energy, as defined by
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where  represents the ensemble average of protein-ligand interaction energy, which is given by

6

where

7
.

Therefore, taking Gsolv from the MM/PBSA method and Ggas obtained by the IE method, we obtain ΔGfinal.

3. Results And Discussion

3.1 Molecular docking
Molecular docking was employed to generate inputs for the molecular dynamics simulations and to
generate data about the binding of these two lectins with their main monosaccharide binder. Chemscores
for the binding with each site can be seen in Table 1.

Table 1
Docking results of PPL and PBL domains interacting with D-mannose (in arbitrary units).

PPL Final score Hbond score Nonpolar score Buried score Ligand torsion

Domain 1 -22.41 -5.73 -15.28 -1.40 0.00

Domain 2 -24.81 -7.94 -21.17 4.30 0.00

Domain 3 -27.61 -6.43 -16.61 -4.74 0.17

PBL Final score Hbond score Nonpolar score Buried score Ligand torsion

Domain 1 -29.86 -7.30 -18.13 -4.43 0.00

Domain 2 -36,93 -8.55 -25.35 -3.03 0.00

Domain 3 -32,69 -6.97 -19.71 -6.01 0.00

It can be seen from these scores that binding to mannose is not similar in the two lectins, with PBL
showing higher score values than PPL in all domains. A previous work by Bari and colleagues (2016) [15]
performed an in-depth analysis to understand the interaction of Parkia platycephalla and Parkia
biglobosa lectins with monosaccharides by applying molecular docking, and the authors verified
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differences between domains resulting from their different sequences. Such differences lead to different
topologies that finally affect the number of interactions in each site. The interactions of the three sites of
PPL and PBL with MAN can be seen in the ligplots of Figs. 1 and 2, and are in line with previous
observations. These data were applied in subsequent experiments of molecular dynamics to expand
information and generate more data about the binding and overall dynamics of Parkia lectins.

3.4 Molecular dynamics
Four systems were set in CHARMM-GUI, including PBL-only, PPL-only, PPL-MAN and PBL-MAN, which ran
in the pmemd.cuda module of AMBER21 suite. For minimization, all systems were subjected to 7500
steps of the steepest descent method and 5,300, 5,800, 6,000 and 6,100 steps of conjugate gradient
method for PBL, PBL-MAN, PPL and PPL-MAN, respectively. The energy of the systems was around − 
1.18e + 06 kcal/mol. The MD simulation was set to run until 100,000 frames with 2 fs time step having
been generated, totaling 100 ns. Initial trajectory analysis indicated that the simulations ran without any
glaring issues, and for the simulations with mannose, the ligands maintained themselves inside the CRD
for the entirety of the run, which is an indication of specificity and correct ligand parameterization.

3.5 Trajectory analysis

3.5.1 Root-mean square deviation and root-mean square
fluctuation
RMSD data show that each simulation equilibrated at different time points, except PPL-MAN, which
equilibrated at around 40 ns, while the aforementioned PPL-MAN reached equilibrium quite fast at 10 ns,
with values varying between 2.0 and 4.5 Å (Fig. 3A).

This suggests that the number of steps was adequate for the analysis and that the systems stably
transitioned from an energy-minimized state to a fully solvated state. The average RMSD values for PBL,
PBL-MAN, PPL and PPL-MAN are 3.56 Å, 3.08 Å, 3.13 Å, and 2.41 Å, respectively. These results
demonstrate small non-significant deviations between bound and unbound PBL and PPL. They also
indicate that the impact of binding to MAN is similar on both lectins in relation to the reduction of RMSD
values. For PBL, presence of the ligand did not affect the time for the system to equilibrate, while for PPL,
the complexed form equilibrated much faster than its unbound counterpart. Considering the similarity
between these lectins, this is a surprising fact. Both lectins deviated less when complexed with MAN in
comparison to their unbound form. It should be noted that this was only a slight change for PBL, whereas
the variation was quite noticeable for PPL. Equilibration is highly variable protein- to-protein and
simulation-to-simulation, but it is generally accepted that ligand binding usually helps in shifting the
simulation to an equilibrated state in a smaller number of steps owing to CRD stabilization in a closed
position, as observed by Nascimento and colleagues (2018) with lectins from Arachis [39] and Cavada et
al. (2019) [40] for the lectins of Canavalia ensiformis and Canavalia brasiliensis.
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Using theoretical B-factors, RMSF data (Fig. 3B) were applied to verify the flexibility of the proteins per
residue during all simulations. As shown in the RMSF plot, fluctuation was dramatically different between
PPL and PBL, both in unliganded and complexed forms. Overall, PBL residues fluctuated more than PPL
residues in all cases. The binding with MAN also differentially affected both lectins. For PPL, the binding
had very little effect on fluctuation; meanwhile, for PBL, the binding was very stabilizing, in particular the
regions from 150–300 and 600–900, which include residues from PBL’s CRD.

The binding of lectins with their specific respective sugars tends to cause local stabilization with
consequent reduction of fluctuation. This was observed for other legume lectins, such as Canavalia
bonariensis [41], although exceptions can be pointed out, such as Arachis lectins for which specific ligand
binding had no effect or increased fluctuation on specific residue ranges [39]. These results clearly show
that very similar lectins can present dramatically different properties and that these differences are
especially evident when dynamics properties are considered. The structures of Parkia lectins are
dramatically different from those of other legume lectins, but their overall binding follows the same
general rules.

3.5.2 Radius of gyration
Radius of gyration analysis evaluates the folding and compaction of the lectin. This analysis was applied
in the current work to evaluate the differences caused by ligand binding. Results show that differences in
RoG between lectins, both bound and unbound, were very small, suggesting that Parkia lectins do not
change their compaction during binding. The average RoG values for PBL, PBL-MAN, PPL and PPL-MAN
are 32.55 Å, 32.60 Å, 32.39 Å and 32.17 Å, respectively. The overall shallowness of Parkia lectin CRDs
could explain these results. This property was also observed for the Dioclea lasiophylla lectin [19]. In this
example, no significant changes in RoG could be observed after binding with monosaccharides or
oligomannose N-glycans, suggesting that ligand binding is not necessarily a factor affecting the
compaction of lectin structure. The energy x RoG graph (Fig. 4) demonstrates that PPL and PBL adopt
conformations that vary between − 8500 and − 7250 kcal/mol, with little difference between their
unbound and bound states.

3.5.3 H-bonds and contacts analysis
A few differences could be observed in the number of H-bonds between sites and lectins. Previous works
have already reported differences in sites that could lead to variability in carbohydrate interactions [5]
(Supplementary Fig. 1). Average H-bonds showed differences between lectins with PBL CRD 1 averaging
2.5 H-bonds with MAN, PBL CRD 2 averaging 4.5, and PBL CRD 3 averaging 3, while for PPL, averages
were 2.5, 4 and 3, respectively. However, for all sites, one can see an overall stability with very few frames
with 0 bonds. Also, at no point during the trajectory did any MAN leave the binding sites, which can
happen, even when the ligand is specific to the lectin, as verified for Arachis lectins. Stability in
interactions suggests a more favorable outcome.
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Contact frequency analysis for PPL and PBL is depicted in Fig. 5. At first glance, it can be seen that the
contacts with MAN are divided between very high contact residues ( > = 80%) and very low contact
residues ( < = 20%), which are probably random interactions.

High contact residues include the following: For PBL CRD 1, Gly15, Gly16, Ile92, Gly136, Tyr137, Tyr138
and Asp140; for PBL CRD 2, Ala163, Gly164, Asp165, Phe238, Val240, Gly280, Gly281, Tyr282, Tyr283
and Asp285; for PBL CRD 3, Gly309, Gly310, Phe387, Gly430, Asp431, Tyr432 and Asp434. For PPL CRD
1, Gly15, Gly16, Val92, Gly136, Tyr137, Tyr138 and Asp140; for PPL CRD 2, Ala163, Gly164, Asp165,
Phe239, Val241, Ser281, Gly282, Tyr283, Tyr284 and Asp286; for PPL CRD 3, Gly310, Gly311, Phe388,
Gly431, Asp432, Tyr433 and Asp435. Despite small differences, the frequencies are very similar between
the two lectins. When comparing this with the static analysis, qualitatively, almost all residues have been
previously reported, but not their frequencies; we have now done this, and as a result, the CRDs of both
Parkia lectins tested in the current work could be completely defined.

3.5.4 SASA analysis
SASA analysis of the systems was performed to understand the behavior of the protein solvent and
evaluate the impact of interaction with carbohydrates on this behavior (Supplementary Fig. 2A-B). The
solvent can interact with the protein by polar and nonpolar interactions, but the interaction with
carbohydrates can change the conformation of the protein in a way that affects solvent accessibility. As
expected, PBL and PPL undergo a reduction in SASA after interacting with ligands since carbohydrates
interact with the surface of the molecule in the CRD cavity.

The average SASA values for the dimers of PBL and PBL-MAN are 35340 Å and 34005 Å, respectively
(Supplementary Fig. 2C). According to the evaluation of each domain separately in the PBL system
(Supplementary Fig. 3A-C), domain 1 presented an average value of 5327/5479 Å
(monomer1/monomer2), domain 2 presented 6399/6193 Å, and domain 3 presented 6021/5919 Å. In the
PBL-MAN system, the domains presented the following average values: domain 1 is 5291/5300 Å,
domain 2 is 5968/5853 Å and domain 3 is 5761/5630 Å. As shown in Supplementary Fig. 4A-C, CRD1
(domain 1) had an average SASA value of 462/481 Å for PBL and 356/404 Å for PBL-MAN, CRD2
(domain 2) was 827/933 Å for PBL and 455/571 Å for PBL-MAN, and CRD3 (domain 3) was 748/472 Å
for PBL and 547/281 Å for PBL-MAN.

For the PPL and PPL-MAN systems, the average SASA values for the dimers were 33493 Å and 32041 Å
(Supplementary Fig. 2C), respectively. The average values of domains 1, 2 and 3 from the PPL system
were 5428/5410 Å, 5432/5452 Å and 5809/5960 Å (Supplementary Fig. 3D-F), and their respective CRDs
were 525/420 Å, 671/626 Å and 688/686 Å (Supplementary Fig. 4D-F). Regarding the PPL-MAN system,
the average SASA value of domain 1 was 5191/5248 Å, domain 2 was 5123/5230 Å and domain 3 was
5565/5682 Å, while their respective CRDs were 361/262 Å, 461/462 Å and 551/544 Å.

PPL has a slightly smaller SASA area than PBL, as reflected at the dimer and domain level, but in domain
2, a more significant difference could be observed, even at the CRD level. In the unbound state, CRD2 of
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PBL shows a higher SASA area, followed by CRD3 and, with greater difference, CRD1. PPL, on the other
hand, has less discrepant SASA values among its CRDs and relatively lower values than those of PBL. In
the bound state with MAN, reductions in SASA values can be seen for both lectins, being more intense in
PBL, specifically in CRD2. SASA values of both lectins in the bound state tend toward similarity.

Despite the high similarity between PBL and PPL, it was possible to observe that both molecules have
structural differences in their unbound and MAN-bound state in relation to their global structure, which
tend to decrease in their bound state at the CRD level. Some small differences in SASA values were
observed between monomer 1 and monomer 2, which was more intense in CRD3 of PBL. These
differences were not random since they were observed in the PBL and PBL-MAN systems, as well as in
repetitions performed. Thus, the interaction between PBL monomers does not have the same impact on
the corresponding domains of each protomer. This was not observed in PPL or in other evaluated lectins.

3.5.5 Binding free energy
The binding free energy of PPL and PBL with mannose molecules was calculated using MM/GBSA and
MM/PBSA combined with Entropy Interaction (EI) for entropy calculation. The results obtained are
presented in Table 2. The binding free energy of PBL is similar to that of PPL, but domain 3 of PBL binds
more favorably than domain 3 of PPL. Despite this difference, both have a similar pattern of binding in
that domain 1 has higher free energy, followed by domains 2 and 3. The energy decomposition analysis
demonstrated the participation of each amino acid residue in the binding free energy (Figs. 6 and 7). For
PPL, domain 1 residues Gly15, Gly16, Gly55, Gly56, Lys57, Val92, Val94, Arg134, Ala135, Gly136, Tyr137,
Tyr138 and Leu139 contributed favorably to the binding energy, while Leu93 and Asp140 interfere
energetically to the binding free energy. Domain 2 residues Ala163, Gly164, Gly204, Gly205, Gln206,
Phe239, Val241, Lys280, Ser281, Gly282, Tyr283 and Tyr284 contribute favorably, while Glu240 and
Asp286 interfere with the interaction. Domain 3 residues Gly310, Gly311, Gly350, Gly351, Val352, Phe388,
Thr390, Arg429, Ala430, Gly431 and Tyr433 contribute to the interaction, while Asp312, Thr389 and
Asp435 caused interference. It is interesting to note that some residues in contact with the ligand do not
favor interaction, including Asp140, Asp286 and Asp435, all of which have a contact frequency of 100%.
Other residues that have high frequency of contact with the ligand, but still do not favor interaction,
include Gly55, Gly56, Val94, Lys57, Ala135, Leu139, Gly204, Gly205, Gln206, Lys280, Gly350, Gly351,
Val352, Thr390, Arg429 and Ala430. Instead, these residues favor the creation of a hydrophobic or
electrostatic environment that does favor interaction.
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Table 2
Energy contributions for the interaction of PPL and PBL with D-mannose in kcal/mol.

MM/GBSA  

PPL PBL  

Energy
component

MN1 MN2 MN3 MN1 MN2 MN3

ΔGgas -97.70 ± 
5.23

-73.17 ± 
4.98

-65.00 ± 
4.45

-97.71 ± 
5.22

-71.10 ± 
2.45

-72.90 ± 
5.02

ΔGsolv 57.73 ± 
2.73

43.52 ± 
3.72

40.64 ± 
4.14

57.73 ± 
2.72

44.31 ± 
2.27

43.38 ± 
3.83

ΔGtotal -39.97 ± 
2.70

-29.65 ± 
2.73

-24.35 ± 
2.50

-39.98 ± 
2.70

-26.79 ± 
2.29

-29.52 ± 
2.70

Entropy 9.94 8.45 6.43 9.89 3.08 8.22

ΔGfinal -30.03 ± 
2.70

-21.20 ± 
2.73

-17.93 ± 
2.50

-30.09 ± 
2.70

-23.71 ± 
2.29

-21.30 ± 
2.70

MM/PBSA  

Energy
component

MN1 MN2 MN3 MN1 MN2 MN3

ΔGgas -97.70 ± 
5.23

-73.17 ± 
4.98

-65.00 ± 
4.45

-97.71 ± 
5.22

-71.10 ± 
2.45

-72.90 ± 
5.02

ΔGsolv 67.24 ± 
2.77

53.93 ± 
4.18

56.49 ± 
4.81

67.26 ± 
2.76

53.18 ± 
3.07

53.84 ± 
4.26

ΔGtotal -30.46 ± 
3.49

-19.24 ± 
3.73

-8.51 ± 
3.29

-30.45 ± 
3.49

-17.92 ± 
2.79

-19.06 ± 
3.67

Entropy 9.94 8.45 6.43 9.89 3.08 8.22

ΔGfinal -20.52 ± 
3.49

-10.79 ± 
3.73

-2.08 ± 
3.29

-20.56 ± 
3.49

-14.84 ± 
2.79

-10.84 ± 
3.67

For PBL, domain 1 residues that contributed favorably to binding were Gly15, Gly16, Gly55, Gly56, Lys57,
Ile92, Val94, Arg134, Ala135, Gly136, Tyr137, Tyr138 and Asp140, while Asp17 and Leu93 interfere with
binding. In domain 2. Ala 163, Gly164, Asp165, Gly203, Gly204, Phe238, Val240, Lys279, Gly280, Gly281,
Tyr282 and Tyr283 favor binding, while Glu239 and Asp285 interfere with the interaction. Finally, in
domain 3, Gly309, Gly310, Gly349, Gly350, Phe387, Thr389, Arg428, Ala429, Gly430, Asp431 and Tyr432
contribute to free binding energy, whereas Asp311, Thr388 and Asp434 interfere with interaction.
Residues Gly56, Lys57, Arg134, Ala135, Gly203, Gly204, Lys279, Gly349, Gly350, Thr389, Arg428 and
Ala429 lack high frequency of contact, but they still participate in the interaction. However, residues
Asp285 and Asp434 also have a high frequency of contact, but they do not favor the binding energy.
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Although the binding energies of PPL and PBL are similar in domain 1 and domain 2, it is possible to
notice some differences in the contribution of some residues, mainly in the interference level of Asp140
(domain 1) and Asp286 (domain 2) in PPL, which is greater, but balanced by the level of contributions
from favorable interactions to a more negative free energy. Domain 3 binding energy is much lower for
PPL since Asp435 interference is 9.5x greater than that of Asp434 in PBL. Furthermore, the energetic
contribution of Gly309, Gly310, Gly430, Asp431 and Tyr432 is higher in PBL than their equivalents in PPL.

The interference of Asp residues present in the domains is greater in PPL, possibly resulting from amino
acid differences between their structures and the additional amino acid residue present in PPL structure,
which changes the position and behavior of Asp residues, which disfavor interactions of PPL with
mannose.

The information obtained from dynamics trajectories provided more details of the interaction of Parkia
lectins with their specific ligands. As presented in this work, the level of structural data on the interaction
with carbohydrates expanded the work of Bari et al. [15], who only evaluated static structures, resulting in
an increase in the number of residues that compose, in part, the CRDs of these two lectins.

4. Conclusion
Trajectory analysis allowed the determination of molecular stability and behavior of Parkia lectins in
solution, as well as the expansion of knowledge about interaction with carbohydrates and the residues
responsible for the binding with monosaccharides for this group of lectins. We will continue to add
experimental data in future studies to confirm the conclusions of the present work.
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Figure 1
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PPL domains complexed with D-mannose (MAN) from docking results. Polypeptide chains are
represented in cartoon representation in green. MAN is in stick representation. A) Domain 1, B) Domain 2,
C) Domain 3. LIGPLOT representations of hydrogen bonds and hydrophobic interactions around MAN
with all CRD residues from D) Domain 1, E) Domain 2 and F) Domain 3.

Figure 2

PBL domains complexed with D-mannose (MAN) from docking results. Polypeptide chains are
represented in cartoon representation in purple. MAN is in stick representation: A) Domain 1, B) Domain 2,
C) Domain 3. LIGPLOT representations of hydrogen bonds and hydrophobic interactions around MAN
with all CRD residues from D) Domain 1, E) Domain 2 and F) Domain 3.
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Figure 3

Molecular dynamics trajectories of PPL and PBL in their native and complexed with D-mannose (MAN)
states. A) Mean square deviation graph (RMSD) and B) Mean quadratic fluctuation graph (RMSF).
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Figure 4

Molecular compaction results from molecular dynamics trajectories correlating Radius of Gyration (RoG)
and total energy of PPL and PBL structures in their native and D-mannose (MAN) complexed states.
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Figure 5

Plot showing the contact frequency of CRD residues from PPL and PBL complexed with D-mannose
during molecular dynamics trajectories. A) Residues of the two PPL monomers, B) residues of the two
PBL monomers.
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Figure 6

Decomposition of binding free energy per residue from molecular dynamics simulations of PPL in
complex with D-mannose: A) domain 1, B) domain 2 and C) domain 3.
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Figure 7

Decomposition of binding free energy per residue from molecular dynamics simulations of PBL in
complex with D-mannose: A) domain 1, B) domain 2 and C) domain 3.
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