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The present study focuses on investigating the interaction between Mannose and LSMT using molecular docking

and Density Functional Theory (DFT). A novel protein like-lectin Light Subunit Mushroom Tyrosinase (LSMT) was

discovered inadvertently during elucidation of the button mushroom Agaricus bisporus tyrosinase structure. The

molecular docking result revealed three possible positions, of which the 􀅫irst resembles the sugar-binding region

in the structures of its homolog (HA-33 or CNL), and the second is located in the interface region to the tyrosinase

subunit. Another position is a new 􀅫inding region that includes interaction with 􀅫ive amino acid residues. The

molecule complex was modeled by truncation of 􀅫ive selected residues, then the atom of peptide chain freezed. In

the 􀅫inal study, the interaction energy was analyzed using DFT showed that Threonine 91 (Thr91) has the highest

role of interaction between ligand and protein. Study at this fundamental level is important because it will be used

as a benchmark of interaction characteristics between LSMT and Mannose. Thus, the calculation result can be a

reference in the development of LSMT application as a drug carrier protein.

© 2018 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Delivering a drug via the oral route is the most accepted

and preferredway of administration because of the low cost

and easiness [1]. This convenience faces problems during

the drug delivering process in the body including the com-

plexity of the digestive conditions, such as acid-base level

and variation of enzymes that may cause the drug to often

decompose before being absorbed. Absorption in the oral

pathway requires dissolved drug molecules in the gastroin-

testinal tract; if the dissolution rate of the drug is signi􀅫i-

cantly slower than absorption rate then dissolution is con-

sidered as the step to limit the rate of absorption [2, 3].

There are many ways to achieve ef􀅫icient absorption of the

drug through the oral route. Theseways are done by adding

particular ingredients to the drugs that can increase solu-

bility, permeability, even through encapsulation of medic-

inal compounds as protection from gastrointestinal condi-

tions that inhibit the absorption of the drug. Proteins from

lectin groups are widely known to increase the absorption

of drugs in the intestine [4].

Lectin is used as a protein that will be the drug carrier

for the oral route. The ability of lectins to recognize sugar

groups on the surface of epithelial lining of the intestinal

wall makes this protein highly preferred as a drug carrier.

However, response from the body’s immune system (im-

munogenicity) makes the development of the protein as a

drug carrier is still lacking, so an alternative that can re-

semble the usability of lectins is needed. The protein pro-

posed is LSMT, which originates from button mushroom

(Agaricus bisporus). LSMT share high structural homology

with Ricin-B like lectin from mushroom Clitocybe nebularis

(CNL; PDB ID3NBE ) andHA-33 fromClostridiumbotulinum
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(HA-33, PDB ID 3AH2) [5, 6]. Moreover, the advantages of

LSMT to not evoke the immune reaction in the body based

on in vivo testing towardmice in SwissWebster is appealing

[7].

The functions and role of LSMT protein have not been

widely studiedboth experimentally and computational sim-

ulation [8]. In this present work propose the preliminary

study of recognition LSMT toward sugars that decorate in

intestinal or on the surface of cancer cells based on compu-

tation analysis using molecular docking. Molecular dock-

ing simulation is an approach to identify the binding mode

between protein and ligand at the molecular level. The

molecular docking approach enables to estimate the bind-

ing structure of ligand and ef􀅫icient interaction by avoid-

ing tedious experiment in crystallographymethod. This ap-

proach has been successfully applied to predict the number

of a particular mode of protein-ligand binding when crys-

tallographic studies are not possible [9].

The sugar type thatwas selected fordockingprocess isMan-

nose, based on a Surface Plasmon Resonance (SPR) anal-

ysis (data not shown). Characteristics of the interaction

are measured according to hydrogen bonds between sugar

molecule and amino acid residues in the protein. The level

of strength or weakness of hydrogen interaction was speci-

􀅫iedby thedistance betweenone atomof amino acid residue

LSMT and one atom of ligand (sugar) [10].

For more detailed information on interactions between the

individual amino acid residue of LSMT and Mannose, DFT

was employed to calculate the complex (LSMT-Mannose)

energy and de􀅫ine the point of which the atom interacts to

each other after structure optimization. Study at this funda-

mental level is important because it will be used as a bench-

mark of interaction characteristics betweenLSMTandMan-

nose. Thus, the calculation result can be a reference in de-

velopment of LSMT application as a drug carrier protein.

II. COMPUTATIONAL METHODS

The precursory study of calculation was using molecular

docking to identify the region of binding possibility be-

tween Mannose and the site of LSMT. We used Autodock

Vina [11] in themolecular docking technique to 􀅫indbinding

modes and binding energy. Vina implemented local search

global optimizer based on mutation and local optimization

steps to de􀅫ine binding energy where the accepted or re-

jected of ligand was evaluated with a Metropolis criterion

[12]. We carried out quantum mechanics method for the

next stage to analyze the interaction of complex, of which

its coordinate obtained from molecular docking. DFT [13]

is a powerful quantum mechanics method to calculate the

interaction between each amino acid residue andMannose.

Computational details both molecular docking and interac-

tion energy will be itemized as below.

A. Molecular Docking

Preparation prior to the molecular docking simulation pro-

cess is described below.

1) Preparation of protein: Protein target was ob-

tained from the protein data bank with PDB ID: 5EHA

(https://www.rcsb.org) that contains the X-Ray structure

at 2.2 Ȧ resolution with the R-value free, and R-value work

of 0.183 and 0.162, respectively.

2) Preparation of ligand: Themannose compound used as

a ligand was from PubChem (https://bit.ly/361TTBJ). Its

3D structure was downloaded in SDV format, which was

then converted in PDB 􀅫ile using Discovery Studio software.

Prior to the docking proccess, the coordinate structure of

ligand was optimized to obtain the most stable structure.

Optimization used Gaussian 09 [14] software in approach

DFT with B3LYP [15] hybrid functional and combined with

6-311+G (d,P) basis set.

3) Docking process: Early preparation of protein and lig-

and started with an operation using Auto Dock Tools (ADT)

to convert PDB format to PDBQT 􀅫iles. The ligand was per-

mitted to have a rotatable bond for all the atoms after the

root position. In the protein molecule, all water molecules

were removed and the polar hydrogen atoms were added

to the re􀅫ined model using ADT [16]. The grid box was set

at 62, 60, 56 for x, y, z respectively and spacing 1.0 Ȧ. The

grid center was set at the position 4.327, 22.503, 20.708 for

x, y, and z, respectively. The grid encompasses the whole

structure of ligand-protein. We posted nine poses of ligand,

which generated nine binding modes of ligand toward pro-

tein based on the Gibbs free energy and Root Mean Square

Deviation (RMSD) of each mode. We employed Autodock

Vina [11] to dock ligand against the protein. Autodock Vina

scores expressed as Gibbs free binding energies were ob-

tained from docking calculation [17], with the most nega-

tive value of energy to show the most stable of ligand struc-

ture. All poses produced were selected and then conju-

gatedwith the protein usingDiscovery Studio software. The

structure of the complex (ligand-protein) was saved in PDB

format. Subsequently, the complex was analyzed using Lig-

Plot [18] to 􀅫ind the number and type of amino acid residues

that interact with the ligand. In addition, hydrogen and hy-

drophobic bonds was identi􀅫ied by LigPlot plotting.
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B. Interaction Energy

Elaborationof the interaction energybetweenMannose and

LSMT was done using DFT analysis. We took some amino

acid residues based on molecular docking result. The co-

ordinate of Mannose and all of selected individual residues

extracted from the best binding mode of Mannose toward

protein (the lowest free energy). Interaction energy Eint

was obtained by equation.

Eint = Ecomplex − Eligand − Eresidue (1)

where Ecomplex is the energy of the complex between

Mannose and individual amino acid residue in LSMT, then

Eligand , Eresidue are energy of Mannose and individual

amino acid residue respectively. DFT was employed to

calculate the optimized structure of complex, ligand, and

amino acid residues. The structure optimization is carried

out by Gaussian09 software package with B3LYP [15] ex-

change correlation and 6-311++G (d,p) basis set. The atom

in peptide bonds of amino acid residue was 􀅫ixed as com-

pensation for truncation of other residues (Figure 1).

Fig. 1. Complex of Mannose (right) and one

of residue (left). The green dotted is

peptide bondswhichwas 􀅫ixed and the

rest of atoms was in relax

III. RESULTS AND DISCUSSION

A. Molecular Docking

Molecular docking process was carried out with speci􀅫ic

amino acid residue that was used as a reference to build

grid box in the protein. Selected the residues based on pre-

vious docking in CNLwhich consist of Asn24, Ser26, Thr37,

Leu38, Asp42, and Ser44 [5]. Docking result revealed that

there are three regions in LSMT that can facilitate 2 binding

with Mannose. Several poses were docked in each region

which is composed according to the binding af􀅫inity energy

level (Figure 2).

Fig. 2. Binding region be-

tween some candidates

of Mannose toward

LSMT

The 􀅫irst region consists of 􀅫ive candidates of Mannose,

where every candidate has different binding energy val-

ues and binding mode. In addition, this region is occu-

pied by the tyrosinase subunit in the mushroom tyrosinase

tetrameric complex. The second region comprises three

candidates and this site resembles the ligand-binding re-

gion in HA-33 or CNL. Both region one and two is consistent

with the previous docking [5]. The present result revealed

a new binding site of the region 3 that contains a pose with

the most favorable binding based on its lowest free energy

and RMSD.
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Details of docking result are presented in Table 1. It can be

seen that the most stable result occurred in mode 1 of the

region 3 with energy -5.7 kcal/mol and RMSD∼ 0.00 Ȧ. Of

the three regions in which the Mannose forms interaction

with LSMT, each existing mode 1, 2, and 5 are selected for

the most stable binding in the region 3, 2, 1, respectively.

There are several amino acid residues that interact with

Mannose based on distances between atom of residues and

Mannose. The most favorable binding of Mannose toward

LSMT as shown in Figure 3.

TABLE 1

DOCKING BETWEEN MANNOSE AND LSMT

Mode Energy (kcal/mol) RMSD (Ȧ) Region/site

1 -5.7 0.00 3

2 -5.7 12.832 2

3 -5.5 12.474 2

4 -5.5 13.535 2

5 -5.5 25.320 1

6 -5.4 25.380 1

7 -5.3 25.753 1

8 -5.2 25.206 1

9 -5.1 26.346 1

Fig. 3. The best binding mode between Mannose and LSMT

based on the lowest free energy

The binding mode in every region has different types and

numbers of amino acid residues interacting with Mannose.

At mode 1, there are Ser35, Glu86, and Thr91 in hydro-

gen binding, meanwhile hydrophobic interaction consists

of Val84 and Asp88. The residue Glu86 experiences the

highest interaction due to its distance is closer (2.89 Ȧ)

than other. However, the interaction occurs between the

C-2 Mannose and the carbon backbone of the amino acid,

not through its side chain. Mode 2 includes 􀅫ive hydrogens

bonding with residues Ala27, Thr28, Glu29, Asn30, and

Asn34. Hydrophobic interaction encompasses Gly36 and

Thr37with the closest distance is 2.88 Ȧ for hydrogen bind-

ing at Glu29. As shown in Figure 3 (right), mode 5 involves

􀅫ive hydrogens bondingwith residues Arg15, Thr45, Asp49,

Asp51 and Arg52 while hydrophobic interaction only one

residue Gln48. Further study regarding the interaction en-

ergy of the complex LSMT-Mannose (or individual residue

and Mannose) was focused on the bonding mode 1 (region

3).

B. Interaction Energy

Molecular docking suggested the best position and bind-

ing mode for Mannose upon binding to amino acid residues

in LSMT. However, molecular mechanics, who is the prin-

cipal core engine of molecular docking, did not enable to

explicate binding and interaction of the atoms. Identi􀅫i-

cation of atomic interaction between Mannose and LSMT

(complex) employed optimization of complex structure us-

ing DFT [13, 19]. The calculation of the interaction energy

of the complex was expressed in Equation1. Each amino

acid residue was calculated and the whole summation of

them represents the interaction energy between Mannose

and pocket LSMT (yellow region in the Figure 3). The inter-

action, however, did not distinguish the atoms that build up

the side chain and the polypeptide backbone i.e. N-(amine)

and C-(carboxyl) termini, and the Cα.

Fig. 4. Interaction of molecule between individual amino acid residue and Mannose; (a) Mannose-Ser35, (b)

Mannose-Val84, (c) Mannose-Glu86, (d) Mannose-Asp88, and (e) Mannose-Thr91

The calculation result of the complexMannose-Ser35 shows

hydrogen binding by hydrogen atom of Mannose to oxygen

atom of Ser35 side chain with distance 1.84 Ȧ and inter-

action energy -11,831 kcal/mol. This binding is highly fa-

vorable. However, it occurs with the C-4 of the Mannose

thereby not corresponding to the sugar speci􀅫icity. Subse

quently, the complex Mannose-Val84 has the shortest dis-

tance of twomolecules atoms 1.79 Ȧ and interaction energy
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-11.695 kcal/mol. This interaction occurs between the C-3

of the Mannose and the side chain, this is not speci􀅫ic for

Mannose as well as the methyl group of Val84 hydropho-

bic character is less likely to form hydrogen bond. Complex

Mannose-Glu86 has interaction energy -4.879 kcal/mol and

1.96 Ȧ is the distance of those atom molecules. The in-

teraction occurs with the C-2 Mannose, which de􀅫ines the

speci􀅫icity. However, the hydroxyl group of C-2 Mannose

interacts with the N of amine, which belongs to the pep-

tide bond. This situation is possible but also unlikely to

occur. Moreover, the binding is then not speci􀅫ically refer-

ring to the amino acid because any residues in the polypep-

tide chain are connected through this bond. Meanwhile,

the interaction energy of the complex Mannose-Asp88 is

-9.021 kcal/mol with the distance 1.87 Ȧ. This interaction

occurs between the carboxyl side chain and the hydroxyl

of the Mannose C-5, thus is not speci􀅫ic. The last complex

Mannose-Thr91 has interaction energy -13.609 kcal/mol

and distance of atom complex molecule 1.89 Ȧ. Accord-

ing to accumulation thewhole energy of individual residues

then obtained interaction Mannose to pocket of protein

-51.037 kcal/mol as noted that Thr91 gave the highest con-

tribution (percent unit) of interaction energy as shown in

Figure 5. This interaction occurs between the hydroxyl side

chain and the Mannose C-5, thus it is also not speci􀅫ic. The

calculation therebymanaged to dock theMannosemolecule

nicely in the protein surface but unfortunately no speci􀅫ic

interaction was observed.

Fig. 5. Level contribution of interaction energy each

individual residue toward Mannose

The interaction energies pro􀅫ile in Figure 5 suggests that

Thr91 has the highest contribution of interaction toward

Mannose based on its lowest energy. However, Threonine

(Thr) is basically amino acid with polar side chain but un-

charged. In nature, Thr is often found to form a covalent

bond with oxygen (glycosylation). In the case of LSMT, the

protein did not form covalent bond with the Mannose. The

􀅫inding of Thr91 as the amino acid with themost in􀅫luential

interaction appears to dissagree with the experimental re-

sult, which suggests that binding of Mannose to the amino

acid residue speci􀅫ically involves the hydroxyl group at the

position C-2 of pyranose ring. This was demonstrated by

Glu86 although the interaction occurs with the polypeptide

main chain, thereforenot aminoacid-speci􀅫ic. There are fac-

tors that make discrepancy of result calculation and exper-

iment, including truncating most amino acid in the calcula-

tion process then generate a steric effect of molecule struc-

ture. Furthermore, a calculation that involves the entire sys-

tem is highly recommended to get a more accurate result.

IV. CONCLUSION

Recognition of Mannose sugar molecule by LSMT protein

has been studied. Molecular docking has been employed to

􀅫ind a region and the best mode binding for Mannose to the

LSMT. Two of three regions resemble the site of HA-33 and

CNLwhile one region is a new binding site. Docking and 􀅫it-

ting results of Mannose-6-phosphate resulted in binding at

a similar region but including addition of Arg77. Thus, the

molecular docking study showsMannose's potential to bind

in LSMT. In order to identify which individual residue that

has the highest role in interaction complex, DFT was em-

ployed as a powerful method. Thr91 was found to have the

most stable energy but this 􀅫inding was not in agreement

with the experiment result. Thus, further calculation should

be done employing the method that is more accurate that

involves the entire system.
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