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ARTICLE INFO ABSTRACT

Keywords: p-Gluconic acid monohydrate - DGAMH crystals are grown in a period of 61 days by using the
DGAMH customary slow evaporation method with a, b and c as 8.4309, 5.409 and 10.4071 in A units; p as
Mechanical

96.87°; monoclinic system, space group as P2;. The material is an anticancer stipulation to inhibit
them with the docked score of the DGAMH as —6.0 and —7.1 for both cases. Considering the
mechanic behaviour of the DGAMH; the n as 7.57 of the DGAMH - work hardening coefficient
value as Reverse ISE (indentation size effect) response for DGAMH. The computational structural
info of DGAMH provides the supercell proviso, VanderWaal’s impact with the nano-tubular
proviso of DGAMH for cell impacting, weak type of interactions and devices with nano-tube
impact. The electronic fluxing is in microns for macro-DGAMH; micro-DGAMH; thin-film
DGAMH and nano-DGAMH for filtering property confirmations. The frequency by IC741 is
twice over the input values with DGAMH crystal.

Anti-cancer
Computational
Electronic

1. Introduction

p-Gluconic acid monohydrate - DGAMH is equilibrating properly in the case of an aqueous solution to form the mixture of lactones
of y and & types and present case by p-Gluconic acid by direct way [1,2]. The & one is customary available. DGAMH is one of the types of
carboxylic acids which is formed by oxidizing the primary carbon of glucose which is of having profound biological and
pharmacy-oriented properties.

Gluconic acid is mainly available in the plants, honey and wine. It can also be prepared by fungal fermentation methodology for
commercial utility; 8-lactone structure based Gluconic acid chelating ions in the metal; specify worthy and stabilized complex-clusters
and in the basic solution, this complex exhibiting strongest chelate action enroot for anions such as Cu, Fe, Al, Cl and other sorts of
heavy-metallic atoms [3,4].

DGAMH is the Gluconic acid monohydrate with D configurative construction in the profile; it is a better chelating agent as
mentioned above and as by the literature and is also a Penicillium metabolite. DGAMH is a conjugate of p-Gluconate and is an
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Fig. 1. Molecular docking results of lactate dehydrogenase with GSK2837808A and p-gluconic acid. (A) Interacting residues of lactate dehydro-
genase with GSK2837808A. (B) Interacting residues of lactate dehydrogenase with p-gluconic acid. (C) Binding pose of GSK2837808A with lactate
dehydrogenase. (D) Binding pose of GSK2837808A with lactate dehydrogenase.

enantiomeric tool of L-Gluconic acid. Enantiomeric relates to the pairing of molecular representations that are existing in two outlines
and are of the mirror imaging portfolio of one another but are not superimposing nature to each other and simply matching by the way
of chemically [5-9].

The scope of the present study is mainly to grow properly the DGAMH crystals. In general, it is a hardened process to make good-
quality DGAMH crystalline specimens. It is premeditated for single crystal XRD study; molecular docking proviso; electric pulse
properties; electronic studies; hardness profile; super lattice structure; Vander Waal’s impacts; Supercell — Miller indices impact; nano-
tubular generation of device constructing study [10-19].

2. Materials and methods
2.1. Crystal synthesis

p-Gluconic acid monohydrate crystals are obtained from p-Gluconoic acid purchased from Sigma Aldrich with water as a solvent in
the customary slow evaporation methodology as this mechanism is a slow process and is very hard to proceed to be successful and tried

four times to grow DGAMH crystals in 61 days. As already stated the process is difficult to grow, care is taken without shaking the
system and needle-like crystals are properly grown.
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Table 1
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Amino acid residue interaction of lactate dehydrogenase, hexokinase with compounds for anti-cancer stipulation.

Lactate dehydrogenase

Compound Dock Hydrogen bond interaction Hydrophobic interaction
score
GSK2837808A —4.5 His192, Asn112 Gly96, Ala97, Arg98, Leul08, Ala237, Val234, Asp194, I1le241, Gly193, Arg168, Ser195,
Glul91, Ile141, Asp140, Leu322, Thr321, Ile325, Arg105, Pro138, GIn99, Asn137
DGAMH —6.0 Asn137, Asp140, Glu191, Argl105, Prol138, Vall39, Ile141, Ser195, Leu322
His192
Hexokinase
3-bromopyruvic -3.2 Cys158, Asn258 Leu64, GIn160, Val207, Val206, Asn208, Phe154, Phel56, Pro157, Glu260
acid
DGAMH -7.1 Cys158, Phel54, Serl55, Leu64, Phel56, Pro157, Gln160, Val206
Asn208, Glu260
A VAL B LEU
A:64 A:160
A:160 N
ASN ASN
A:208 VAL A:258
A205 (VAL !
S A:206 i
% ! I( /’
N 1
- e i
/ Br [ vonder wasks / |'i,
/ [ ComentionaHycrogenBond 0
7 / e /
7 - Unfavorable Negative Negatve 0 H /0 : %)7
/ 0 :
7 ! /
H
/ i PHE ! X
; A:154 \
| . o
' ’,’ \ | b’ H
/ | . 4
S AR ;
- |‘ ) s 7/ \ : ’l
PRO PHE e
A:157
A:156 PHE

Fig. 2. Molecular docking results of hexokinase with GSK2837808A and p-gluconic acid. (A) Interacting residues of hexokinase with3-
bromopyruvic acid. (B) Interacting residues of hexokinase with p-gluconic acid. (C) Binding pose of 3-bromopyruvic acid with hexokinase. (D)

Binding pose of GSK2837808A with hexokinase.
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Fig. 3. a Hardness number Hy in GPa Vs load P in 10> kg of DGAMH, b Hardness number HV in kg/mm2 Vs load P in 10-3 kg of DGAMH, ¢ Curve
fitting graph for log P vs log d of DGAMH, d Elastic stiffness C11 in 1014 Pa Vs load P in 10-3 kg of DGAMH, e Young’s modulus in GPa vs load P in
10-3 kg of DGAMH, f Yield strength in GPa vs load P in 10-3 kg of DGAMH, g Hardness in Mohs scale in Pa vs load P in 10-3 kg of DGAMH.

2.2. Characterization

DGAMH crystals are analyzed by Bruker Kappa Apex II XRD diffractometer. The mechanical performance is generally analyzed by
the industrial utility by Vickers hardness tester, HMV-2T, Shimadzu universal testing machine) and the material’s worthiness utilizing
its profile related to their hardness/mechano behavior. DGAMH is analyzed with a varying load of 25, 50, and 100 g with compu-
tational tools by softwares.

2.3. In silico molecular docking and computational electronic studies

Three-dimensional structures of lactate dehydrogenase and hexokinase 2 are downloaded from the protein data bank with PDB ID
of 5W8I and 5HG1. The downloaded structure of protein molecules is prepared for docking by using the protein preparation wizard of
the Schrodinger software package. Three-dimensional structures of ligands are downloaded from the PubChem database and prepared
for docking by using the LigPrep module of the Schrodinger software package. The receptor grid generation module is used for
generating the grid for molecular docking based on the bound inhibitor in both proteins. The glide module of the Schrodinger software
package is used for the molecular docking of ligands on the previously generated grid. Molecular docking of p-Gluconic Acid Mono
Hydrate (DGAMH) is performed to understand its binding and interaction with lactate dehydrogenase and hexokinase. GSK2837808A
and 3-bromopyruvic acid are used as the known inhibitors of lactate dehydrogenase and hexokinase respectively. The Computational,
electronic studies of DGAMH crystals are done with the docking software, Jmol, chemdraw software and nano-tube generating tool and
by diodes.
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Fig. 3. (continued).
3. Results and discussions
3.1. Structure and molecular docking

3.1.1. Single crystal XRD pattern of the DGAMH crystals

The XRD data of the p-Gluconic acid monohydrate crystals are as specified below; the obtained values indicate bond lengths and
bond angles as follows: a, b and ¢ equal to 8.4309, 5.409 and 10.4071 A, respectively; o = y = 90° and p as 96.87° corresponding to
monoclinic system with space group as P2;.

3.1.2. Docking proviso

p-gluconic acid formed four hydrogen bonds with lactate dehydrogenase in comparison to the known inhibitor GSK2837808A
which formed two hydrogen bonds (Fig. 1 A-D). Hydrogen bond forming and hydrophobically interacting residues of lactate dehy-
drogenase with GSK2837808A and p-gluconic acid are given in Table 1. In the case of hexokinase, p-gluconic acid formed five
hydrogen bonds in comparison to known inhibitor 3-bromopyruvic acid which formed two hydrogen bonds with hexokinase (Fig. 2 A-
D). Hydrogen bond forming and hydrophobically interacting residues of hexokinase with 3-bromopyruvic acid and p-gluconic acid are
given in Table 1.

3.2. Mechanical behaviour of DGAMH crystals

The hardness of DGAMH crystals analyzed with a load of 25, 50, and 100 g is found to be equal to Hy 24.9, 44.8, and 68.6 kg/mmz,
respectively and as 0.237, 0.370, and 0.672 in GPa, respectively, as mentioned in Fig. 3(a) and (b). The linear fitting of the log P vs log
d data is provided in Fig. 3 (c); the n as 7.57 the DGAMH - work hardening coefficient value: with the increase of the load values the Hy,
values are also elevated while having reverse indentation size effect (ISE) response. Fig. 3(d) for elastic stiffness of DGAMH as the small
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Table 2

Load vs H, in kg/mm? of DGAMH crystalline sample of macro-scale.
Load P in 103 kg Hardness (Hy, in kg/mm?
25 24.9
50 44.8
100 68.6

Table 3
Hy in GPa, Stiffness, Young’s modulus and Yield strength of DGAMH crystalline sample of macro-scale.
Pin 103 kg Hardness (H,, in GPa Elastic stiffness coefficient C; in 10'* Pa Young’s modulus E in GPa Yield strength o in GPa
25 0.237 4.53 19.44 0.079
50 0.370 9.90 30.38 0.123
100 0.672 28.10 55.14 0.224
Table 4
Hardness in Mohs scale of DGAMH crystalline sample of macro-scale.
Pin10°2 kg Hardness in Mohs scale (Hyy) in Pa
25 417.89
50 484.89
100 591.46

Fig. 4. 3*3*3 Supercell impact of DGAMH crystals.

bent is observed at 50 g profile and more variation is observed in the data of 100 g profile as the values are 4.53, 9.90 and 28.10 in the
units of 10'* Pa.

The Young’s modulus profile of DGAMH as in Fig. 3 (e) portrays the linear curve and the values are gradually prolonged as 19.44,
30.38 and 55.14 in GPa and similarly, Fig. 3(f) portrays the gradually prolonged Yield strength parameters as 0.079, 0.123 and 0.224
in GPa. The hardness in the Mohs scale is portrayed as in Fig. 3(g) and no variations in 25 g and 50 g are observed and small variations
are experiential in 100 g profile in Mohs scale as 417.89; 484.89 and 591.46 in Pa. The corresponding data are observed and tabulated
in Tables 2-4, respectively. Based on the data from Tables 2-4 and by the mechanical hardness data; the macro-DGAMH [8-10] can be
pronounced for rheology or tribology proviso and here, tried for a circular wire of helix spring category as continued.

The tribological work deals with the wear along with the tear of the trial which can be applied with the circular wiring with helical
springs with DGAMH macro-crystal of shiny surface effect. The single coil with a shear of 0.62 GPa, and a string stiffness of 10 N/m.
The parameters represent the effectiveness with proper stress, deflective values of the entitled sample, and the impact over electronic
devices and in mechano-elastic industries for the existence of coil or spiral spring for improved firmness of macro scales, which is
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Fig. 5. VanderWaals with 3*3*3 super cell impact of DGAMH crystals.

Fig. 6. VanderWaals impact on DGAMH without potential outcome.

termed as macro-tribology of DGAMH crystals [11-19].
3.3. Computational electronic studies of DGAMH crystals

The supercell proviso of 3*3*3 case of DGAMH is portrayed for special volume cell as in Fig. 4, to identify the prolonged use and
extended interactions; the weak interaction stipulation of DGAMH by VanderWaal’s impact is as shown in Fig. 5 for identifying the
nature of the type of interactions and the weak proviso, without and with the impact of the electrostatic potential effect of Vander-
Waal’s is shown in Figs. 6 and 7. The supercell proviso of 3*3*3 case with 3*3*3 of Miller’s impact is shown in Fig. 8; with the nano-
tubular proviso of DGAMH is presented in Fig. 9.

The electronic versatile functionality of DGAMH as a functional material for frequency doublers and as an influx generator is
2.9979, 3.4373, 3.9998 and 4.0309 pm for macro-DGAMH; micro-DGAMH; thin-film DGAMH and nano-DGAMH for filtering property
by in fluxing values. The frequency doublers as in the case of an op-amp by IC741 is twice over the input values and for macro-DGAMH;
micro-DGAMH and nano-DGAMH as 2.070; 2.05; 2.02 times the input values for recurrence relations as in Fig. 10 for influxing proviso
[18-201].
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Fig. 7. VanderWaals impact on DGAMH with the coloured potential upshot.

Fig. 8. 3*3*3 Super cell builder in 3*3*3 Miller indices of DGAMH.

4. Conclusion

p-Gluconic acid monohydrate - DGAMH crystals are appropriately grown in 61 days by using the traditional slow evaporating
process using water as solvent. Their crystal structure belongs to a monoclinic system with a space group P2;. The material is identified
to be the better scope for anti-cancer specification to inhibit dehydrogenase and hexokinase by docking. Taking into the consideration
of the mechanical behaviour of the DGAMH, it is shown that the n is 7.57 of the DGAMH while the work hardening coefficient value
demonstrated reverse indentation size effect (ISE) response. The computational structural info of DGAMH provides the supercell
proviso of 3*3*3 case with VanderWaal’s and Miller’s impact with the nano-tubular proviso of DGAMH for use in devices and in
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Fig. 9. 3*3*3 Supercell with 3*3 of n, m and of tube length as 22 nm of DGAMH with weak interactions.

Influx electronic property of DGAMH varied scales
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Fig. 10. Influx data for the electronic property of DGAMH at different scales.
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gadgets. The electronic influxing is equal to 2.9979, 3.4373, 3.9998 and 4.0309 pm for macro-DGAMH; micro-DGAMH; thin-film
DGAMH and nano-DGAMH, respectively, for filtering properties and frequency enhancement.
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