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Abstract: Using 2-deoxyglucose (2DG) as a therapeutic agent, the SARS-CoV-2 disease was healed in
the present study. Coronaviridae and Nidovirales are the families that contain SARS-CoV-2.
Coronavirus disease 19 (COVID-19) is a respiratory disease caused by the virus. Humans and some
animals can be infected by these viruses. People were first infected with SARS-CoV-2 in 2019. 2DG
and glucose, both ring and chain conformers interact with human hexokinase (PDB ID: 1QAH), human
phosphoglucose isomerase (PDB ID: 1JLH), human phosphofructokinase (PDB ID: 4WL0), human
fructose 1,6-bisphosphate aldolase (PDB ID: 4ALD), human triose phosphate isomerase (PDB ID:
6NLH), human glyceraldehyde-3-phosphate dehydrogenase (PDB ID: 3GPD), human
phosphoglycerate kinase (PDB ID: 3C3C), human phosphoglycerate mutase (PDB ID: 1YJX), and
human enolase (PDB ID: 4ZCW) explained by binding affinities, active sites of protein residues,
favorable noncovalent, unfavorable noncovalent, and unsatisfied noncovalent interactions shown in
tables and figures. From the molecular docking result, 2DG does not affect the glycolysis cycle.
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1. Introduction

The spread of the n-CoV-2 virus, first reported in Wuhan, China, and the subsequent
COVID-19 pandemic are affecting the entire human population, exceeding all proportions
[1,2]. Initially, the healthcare community was unable to develop an effective solution to the
pandemic. Later, many antiviral drugs were repurposed to treat this virus. Later, the specific
proteins of n-CoV-2 were identified, and their crystal structures were made public, which
accelerated further research into drug development. Computational chemistry has helped to a
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large extent to ascertain the suitability of new drug candidates and the repurposing of existing
drugs. Molecular docking, molecular dynamics, QSAR analysis, and chemoinformatic studies
have helped a lot in that direction.

Recently, the Defence Research and Development Organisation of India (DRDO) has
come up with a compound called 2-deoxyglucose (2DG) (Figure 1), which could heal COVID
complications. It is an analog of glucose. This compound has only one oxygen less than that of
glucose. Hence, it is supposed to mimic glucose in several biological functions. It is reported
that the compound competitively binds with the phosphoglucoisomerase enzyme in the second
stage of glycolysis, forming a primary metabolic block [3]. 2DG has been absorbed by the body
with the help of glucose absorption promoters. Hence, tumors or other fast-growing cells have
an increased tendency to absorb the molecule. It led to this molecule being investigated as a
potential glycolytic inhibitor for the treatment of cancer [4]. Clinical trials have shown that the
drug is well tolerated in humans compared with other anticancer drugs [5], but the mechanism
of action of this compound is not fully understood. Many scientists do not agree that the
glycolytic block is the mechanism of the drug action [6]. This drug is now widely used in
COVID-19 patients following clinical trials, but no published data or preprints are available in
the scientific or public domain, as far as the authors are aware. This manuscript is not meant to
comment on the clinical efficacy of 2DG for the treatment of the pandemic, but instead to show
that glycolysis inhibition is not the mechanism of action, based on computational chemistry
studies. Recently, many research groups have conducted molecular docking studies of
bioactive molecules, including ligands and metal complexes, that bind to human proteins [7—
10].
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HO

HO OH
Figure 1. Structure (2D) of 2-deoxy glucose (2DG).

2. Materials and Methods

The open-chain and ring structures of 2DG and glucose were optimized at the
B3LYP/6-311G(2d,p) level using Gaussian 09W [11], and these structures were used for
further studies. It is believed that 2DG participates in glycolysis, like glucose, due to its
structural similarity. Hence, we collected the structural files of the enzymes involved in the
nine steps of human glycolysis from the protein data bank of the RCSB site [12]. The enzymes
studied are human hexokinase (PDB ID: 1QAH) [13], human phosphoglucose isomerase (PDB
ID: 1JLH) [14], human phosphofructokinase (PDB ID: 4WLO) [15], human fructose 1,6-
bisphosphate aldolase (PDB ID: 4ALD) [16], human triose phosphate isomerase (PDB ID:
6NLH) [17], human glyceraldehyde-3-phosphate dehydrogenase (PDB ID: 3GPD) [18],
human phosphoglycerate kinase (PDB ID: 3C3C) [19], human phosphoglycerate mutase (PDB
ID: 1YJX) [20], and human enolase (PDB ID: 4ZCW) [21]. The molecular docking analysis
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was performed using AutoDock Vina [22], BioDiscovery Studio, and other software packages
[23].

3. Results and Discussion

3.1. Docking.

Molecular docking explains the biological applications of 2-deoxy-D-glucose (2DG)
and D-glucose by structural (both chain and ring form) interactions with several proteins [24—
33]. Table 1 shows the binding affinities of 2DG and glucose with human hexokinase (PDB
ID: 1QAH) [13], human phosphoglucose isomerase (PDB ID: 1JLH)[14], human
phosphofructokinase (PDB ID: 4WL0) [15], human fructose 1,6-bisphosphate aldolase (PDB
ID: 4ALD) [16], human triose phosphate isomerase (PDB ID: 6NLH) [17], human
glyceraldehyde-3-phosphate dehydrogenase (PDB ID: 3GPD) [18], human phosphoglycerate
kinase (PDB ID: 3C3C) [19], human phosphoglycerate mutase (PDB ID: 1YJX) [20], and
human enolase (PDB ID: 4ZCW) [21].

Table 1. Binding affinities of derivatives of 2DG and glucose.

Proteins with code 2DG_Chain | 2DG_Ring | Glucose_Chain | Glucose_Ring
Human Hexokinase (PDB ID: 1QAH) -4.4 -4.6 -5.0 -5.1
Human Phosphoglucose Isomerase (PDB ID: 1JLH) -1.8 -1.9 -15 -2.0
Human Phosphofructokinase (PDB ID: 4WL0) -5.5 -5.4 -5.6 -5.6
Human Fructose 1,6-bisphosphate Aldolase (PDB ID: 4ALD) -5.4 -6.0 -5.2 -5.9
Human Triose Phosphate Isomerase (PDB ID: 6NLH) -4.4 -5.0 -4.8 -5.4

Human Glyceraldehyde-3-Phosphate Dehydrogenase (PDB

ID: 3GPD) -4.8 -5.4 -5.1 5.7
Human Phosphoglycerate Kinase (PDB ID: 3C3C) -5.0 -5.2 -5.0 -5.8
Human Phosphoglycerate Mutase (PDB ID: 1YJX) -5.1 -5.7 -5.1 -5.8
Human Enolase (PDB ID: 4ZCW) -4.7 -6.3 -6.0 -6.4

Figures 2 and 3 display the skeletal structure and 2D structure of binding interactions
of 2DG and D-glucose with human hexokinase protein. Figures S1a-S8a and Figures S1b-S8b
show the skeletal structure and 2D structure of binding interactions of 2DG and glucose with
human phosphoglucose isomerase, human phosphofructokinase, human fructose 1,6-
bisphosphate aldolase, human triose phosphate isomerase, human glyceraldehyde-3-phosphate
dehydrogenase, human phosphoglycerate kinase, human phosphoglycerate mutase, and human
enolase, respectively.

Figure 2. Skeletal structure of interactions of human hexokinase with 2DG and glucose.
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Tables S1 and S2 show the label of protein residues (A and R are parent chains), and
non-bond interactions are favorable, unfavorable, and unsatisfied bond interactions of 2DG and
D-glucose with all referred proteins, respectively.
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Figure 3. 2D structure of interactions of human hexokinase with 2DG and glucose.
3.1.1. Favourable non-bonds.

From Table S1 and Table S2 shows favourable non-bonds of 2DG_chain, glucose-
chain, 2DG _rind and glucose_ring structure of interactions with human hexokinase protein
having 9-conventional hydrogen bonds and 1-carbon hydrogen bond by five residues, 7-
conventional hydrogen bonds and 1-carbon hydrogen bond by six residues, 5-conventional
hydrogen bonds and 1-carbon hydrogen bond by five residues and 10-conventional hydrogen
bonds by four residues respectively; similarly, with human phosphoglucose isomerase having
4-conventional hydrogen bonds by two residues, 4-conventional hydrogen bonds by two
residues, 7-conventional hydrogen bonds by two residues and 3-conventional hydrogen bonds
by one residue respectively; like, with human phosphofructokinase having 6-conventional
hydrogen bonds and 2-carbon hydrogen bonds by four residues, 9-conventional hydrogen
bonds and 1-carbon hydrogen bond by eight residues, 6-conventional hydrogen bonds and 1-
carbon hydrogen bond by six residues and 5-conventional hydrogen bonds and 1-carbon
hydrogen bond by six residues respectively; alike, with human fructose 1,6-bisphosphate
aldolase having 10-conventional hydrogen bonds by seven residues, 10-conventional hydrogen
bonds by six residues, 5-conventional hydrogen bonds and 1-carbon hydrogen bond by five
residues and 7-conventional hydrogen bonds by six residues respectively; while, with human
triose phosphate isomerase having 6-conventional hydrogen bonds and 1-carbon hydrogen
bond by four residues, 9-conventional hydrogen bonds and 1-carbon hydrogen bond by six
residues, 7-conventional hydrogen bonds by five residues and 4-conventional hydrogen bonds
and 5-carbon hydrogen bonds by four residues respectively; likewise, with human
glyceraldehyde-3-phosphate dehydrogenase having 7-conventional hydrogen bonds and -
carbon hydrogen bonds by five residues, 5-conventional hydrogen bonds and 1-carbon
hydrogen bond by four residues, 5-conventional hydrogen bonds by four residues and 8-
conventional hydrogen bonds by six residues respectively; similarly, human phosphoglycerate
kinase having 7-conventional hydrogen bonds by six residues, 11-conventional hydrogen
bonds and 1-carbon hydrogen bond by eight residues, 7-conventional hydrogen bonds by six
residues and 7-conventional hydrogen bonds by seven residues respectively; alike, with human
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phosphoglycerate mutase having 7-conventional hydrogen bonds and 1-carbon hydrogen bond
by six residues, 7-conventional hydrogen bonds by seven residues, 5-conventional hydrogen
bonds and 1-carbon hydrogen bond by four residues and 7-conventional hydrogen bonds by
five residues respectively; compatibly, with human enolase having 8-conventional hydrogen
bonds by five residues, 12-conventional hydrogen bonds and 3-carbon hydrogen bonds by
eleven residues, 10-conventional hydrogen bonds and 3-carbon hydrogen bonds by eight
residues and 10-conventional hydrogen bonds and 3-carbon hydrogen bonds by ten residues
respectively.

3.1.2. Unfavourable non-bonds.

From Table S1 and Table S2 shows unfavourable non-bonds of human hexokinase
having one acceptor-acceptor with 2DG_chain and donor-donor with glucose_ring; alike,
human fructose 1,6-bisphosphate aldolase having one and three donor-donor interactions with
glucose_chain and glucose_ring respectively; like, human triose phosphate isomerase having
one donor-donor interaction with 2DG_chain and glucose_chain each, and one acceptor-
acceptor interaction with glucose_ring; similarly, human glyceraldehyde-3-phosphate
dehydrogenase having two donor-donor interactions with 2DG_chain, two acceptor-acceptor
with glucose_chain, and one donor-donor interactions with glucose_ring; likewise, human
phosphoglycerate kinase having two, two, and three donor-donor interactions with 2DG_chain,
glucose_chain, and glucose_ring respectively; alike, human phosphoglycerate mutase having
one, three, and two donor-donor interactions with 2DG_chain, glucose chain, and
glucose_ring respectively; in the same way, human enolase having one donor-donor and
acceptor-acceptor interactions with 2DG_chain and 2DG ring, and one donor-donor
interaction with glucose_chain. Tables S1 and S2 show unsatisfied non-bond sites of
2DG_chain, glucose-chain, 2DG_rind, and glucose_ring structure of interactions with all
referred proteins [37—43].

From these results, 2-deoxy-D-glucose (2DG) does not affect the glycolysis cycle.

4. Conclusions

A variety of human proteins were studied using this in silico study, and 2-deoxy-D-
glucose (2DG) was not found to interfere with the glycolysis cycle. Additionally, both ring and
chain conformers contained 2DG and glucose docked with all nine human proteins. 2DG of
the ring and chain with open and/or closed structures showed favorable non-bonds with
different conventional and carbon-hydrogen bonds with the listed protein residues. Similarly,
2DG showed unfavorable non-bonds with a different number of steric hindrances between
bulky sites and lone-pair hindrances if nucleophiles with the listed protein residues. This
electrostatic information is required for the bioactivity of 2DG in the human body.

Supplementary Materials

The supplementary data associated with this article include Table S1, which lists the specific
protein residues of human glycolytic enzymes that bind to 2DG and glucose molecules, and
Table S2, which details the favorable and unfavorable non-bonding interaction parameters,
including hydrogen bond distances and specific atom interactions for the ligand-protein
complexes. Additionally, Figures S1 (a and b) through S8 (a and b) provide comprehensive
visual representations of these molecular interactions, depicting both the 3D skeletal structures
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and 2D interaction diagrams for human Phosphoglucose Isomerase, Phosphofructokinase,
Fructose 1,6-bisphosphate Aldolase, Triose Phosphate Isomerase, Glyceraldehyde-3-
Phosphate Dehydrogenase, Phosphoglycerate Kinase, Phosphoglycerate Mutase, and Enolase
complexed with 2DG and glucose.
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Supplementary materials

Table S1. Name and label of proteins residues binding with 2DG and glucose molecules.

Molecules | Label of protein residues
Human Hexokinase (PDB ID: 1QAH)
2DG_chain ARG A:53, LEU A:242, ILE A:245, ASP A:246 and GLY A:250
Glucose_chain ARG A:50, LEU A:242, ARG A:243, ILE A:245, VAL A:248 and GLY A:250
2DG ring ARG A:53, LEU A:242, ASP A:246, VAL A:248 and GLY A:250
Glucose ring LEU A:242, ARG A:243, ASP A:246 and GLY A:250
Human Phosphoglucose Isomerase (PDB ID: 1JLH)

2DG_chain GLU A:226 and GLN A:230
Glucose_chain GLN A:230 and LYS A:233
2DG ring GLN A:230 and LYS A:233
Glucose ring GLN A:230

Human Phosphofructokinase (PDB ID: 4WL0)
2DG_chain GLY A:545, SER A:546, ASP A:547 and GLU A:748

Glucose_chain

ASN A:541, VAL A:543, GLY A:545, SER A:546, ASP A:547, GLU A:748, GLN A:749 and TRP
A:751

2DG ring VAL A:543, GLY A:545, SER A:546, ASP A:547, GLN A:738 and GLU A:748
Glucose_ring GLY A:545, SER A:546, ASP A:547, ILE A:722, SER A:723 and GLU A:748
Human Fructose 1,6-bisphosphate Aldolase (PDB ID: 4ALD)
2DG _chain LYS A:229, SER A:271, GLY A:272, GLY A:273, SER A:300, GLY A:302 and ARG A:303
Glucose_chain ARG A:42, LYS A:146, LYS A:229, SER A:300, GLY A:302 and ARG A:303
2DG ring LEU A:63, VAL A:69, ASN A:70, ILE A:73 and LYS A:100
Glucose_ring ASP A:33, GLU A:34, ARG A:42, LYS A:229, SER A:300 and ARG A:303
Human Triose Phosphate Isomerase (PDB ID: 6NLH)
2DG_chain ASN A:11, GLN A:64, GLU A:97 and ARG A:98
Glucose_chain GLY A:209, GLY A:210, VAL A:212, ILE A:230, GLY A:232 and ALA A:234
2DG ring GLU A:165, GLY A:209, GLY A:210, LEU A:230 and GLY A:232
Glucose_ring ASN A:11, GLN A:64, GLU A:97 and ARG A:98
Human Glyceraldehyde-3-Phosphate Dehydrogenase (PDB ID: 3GPD)
2DG_chain GLY R:9, ASN R:33, ASP R:34, PRO R:35, THR R:98
Glucose chain ASP R:8, ASN R:33, ASP R:34 and PRO R:35
2DG ring ASN R:33, ASP R:34, GLU R:78 and THR R:98
Glucose_ring ASP R:8, GLY R:9, ASN R:33, ASP R:34, THR R:98 and VAL R:100
Human Phosphoglycerate Kinase (PDB ID: 3C3C)
2DG _chain ASN A:25, ARG A:38, HIS A:62, ARG A:122, GLY A:166 and GLY A:396
Glucose_chain ARG A:38, HIS A:62, ARG A:65, ARG A:122, GLY A:166, HIS A:169, GLY A:394 and GLY A:396
2DG ring ASP A:23, ASN A:25, ARG A:38, HIS A:169, ARG A:170 and GLY A:394
Glucose_ring ARG A:38, HIS A:62, ARG A:65, GLY A:166, ARG A:170, GLY A:394, and GLY A:396
Human Phosphoglycerate Mutase (PDB ID: 1YJX)
2DG _chain ARG A:10, ASN A:17, ARG A:21, SER A:23, ARG A:90 and ASN A:188
Glucose_chain ARG A:10, SER A:14, ARG A:21, SER A:23, ARG A:62, GLU A:89 and LYS A:100
2DG ring GLU A:89, ARG A:90, ARG A:116 and ASN A:188
Glucose_ring ARG A:10, ASN A:17, ARG A:21, SER A:23 and GLU A:89
Human Enolase (PDB I1D: 4ZCW)
2DG_chain ARG A:32, LYS A:120, GLU A:377, ASP A:378 and THR A:379

Glucose_chain

GLN A:166, GLU A:167, GLU A:210, ASP A:245, GLU A:293, ASP A:318, LYS A:343, HIS A:371,
ARG A:372, SER A:373 and LYS A:394

SER A:40, GLN A:166, GLU A:167, GLU A:210, LYS A:343, HIS A:371, ARG A:372 and SER

2DG_ring A373
Glucose rin GLY A:38, ALA A:39, SER A:40, GLU A:167, GLU A:210, ASP A:245, ASP A:318, LYS A:343,
-ing HIS A:371 and SER A:373
Table S2. Non-bond interactions of 2DG and glucose
FAVOURABLE NON-BOND
Distance From .
A) Category Type From Chemistry To To Chemistry
Human Hexokinase (PDB ID: 1QAH)

2DG_chain
2.39 Hydrogen Bond ggz\éentlonal Hydrogen A:ARG53:HH12 H-Donor :UNKO:0 H-Acceptor
2.34 Hydrogen Bond ggg‘ée”“o”a' Hydrogen | A ARGB3:HH22 H-Donor -UNKO0:0 H-Acceptor
2.00 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A1 y250:HN H-Donor :UNKO:0 H-Acceptor
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2.92 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A1 y250:HN H-Donor :UNKO:0 H-Acceptor
2.67 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY250:0 H-Acceptor
2.32 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
2.93 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | Nko:H H-Donor A:ASP246:0D1 H-Acceptor
2.17 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:LEU242:0 H-Acceptor
2.65 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:GLY250:0 H-Acceptor
3.39 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:ILE245:0 H-Acceptor
Glucose_chain
2.73 Hydrogen Bond ggz\éentlonal Hydrogen A:ARG53:HH22 H-Donor :UNKO0:0 H-Acceptor
2.52 Hydrogen Bond ggg\éentlonal Hydrogen | A1 y250:HN H-Donor :UNKO:O H-Acceptor
2.02 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:ARG243:0 H-Acceptor
2.48 Hydrogen Bond (ngg\éentlonal Hydrogen | nKko:H H-Donor A:LEU242:0 H-Acceptor
2.54 Hydrogen Bond (ngg\éentlonal Hydrogen :UNKO:H H-Donor A:GLY250:0 H-Acceptor
2.37 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:ILE245:0 H-Acceptor
2.08 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | NKko:H H-Donor AVAL248:0 H-Acceptor
3.36 Hydrogen Bond | Carbon Hydrogen Bond :UNKO0:C H-Donor A:GLY250:0 H-Acceptor
2DG ring
2.40 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A ARG53:HH22 H-Donor :UNKO0:0 H-Acceptor
2.39 Hydrogen Bond (ngz\éentlonal Hydrogen :UNKO:H H-Donor A:ASP246:0 H-Acceptor
2.69 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:VAL248:0 H-Acceptor
2.57 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:LEU242:0 H-Acceptor
2.36 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:GLY250:0 H-Acceptor
3.44 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLY250:0 H-Acceptor
Glucose_ring
1.81 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A1 y250:HN H-Donor "UNKO0:0 H-Acceptor
2.57 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:LEU242:0 H-Acceptor
2.42 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:GLY250:0 H-Acceptor
2.60 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:ARG243:0 H-Acceptor
2.38 Hydrogen Bond ggz\éentlonal Hydrogen | \ko:H H-Donor A:ASP246:0D1 H-Acceptor
1.81 Hydrogen Bond ggz\éentlonal Hydrogen A:GLY250:HN H-Donor :UNKO0:0 H-Acceptor
2.57 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:LEU242:0 H-Acceptor
242 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY250:0 H-Acceptor
2.60 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:ARG243:0 H-Acceptor
2.38 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:ASP246:0D1 H-Acceptor
Human Phosphoglucose Isomerase (PDB ID: 1JLH)
2DG_chain
2.25 Hydrogen Bond ggz\éentlonal Hydrogen A:GLN230:HE22 H-Donor :UNKO:0 H-Acceptor
3.08 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLN230:0E1 H-Acceptor
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2.25 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A& N230:HE22 H-Donor :UNKO:0 H-Acceptor
3.08 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLN230:0E1 H-Acceptor
Glucose_chain
211 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A5 N230:HE22 H-Donor :UNKO:O H-Acceptor
2.54 Hydrogen Bond ggg\éentlonal Hydrogen A:LYS233:HZ1 H-Donor :UNKO0:0 H-Acceptor
2.67 Hydrogen Bond ggz\éentlonal Hydrogen A:LYS233:HZ2 H-Donor :UNKO0:0 H-Acceptor
2.34 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
2DG ring
2.23 Hydrogen Bond ggz\éentlonal Hydrogen A:GLN230:HE22 H-Donor :UNKO0:0 H-Acceptor
2.41 Hydrogen Bond ggg\éentlonal Hydrogen | A vs233:Hz2 H-Donor :UNKO:O H-Acceptor
2.52 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | ;\ko:H H-Donor A:GLN230:0E1 H-Acceptor
223 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | .o N230:HE22 H-Donor {UNKO0:0 H-Acceptor
2.41 Hydrogen Bond (B:gg‘ée”“o”a' Hydrogen | A\ ys233:HZ2 H-Donor :UNKO0:0 H-Acceptor
2.52 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | ;\ko:H H-Donor A:GLN230:0E1 H-Acceptor
1.98 Hydrogen Bond (ngg\éentlonal Hydrogen :UNKO:H H-Donor :UNKO0:0 H-Acceptor
Clucose_ring
2.70 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A.GLN230:HE21 H-Donor :UNKO0:0 H-Acceptor
1.85 Hydrogen Bond ggz‘e"e”t'o”a' Hydrogen | A g1 N230:HE22 H-Donor :UNKO:0 H-Acceptor
2.68 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A6 N230:HE22 H-Donor -UNKO0:0 H-Acceptor
Human Phosphofructokinase (PDB ID: 4WL0)
2DG _chain
2.42 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A y5a5:HN H-Donor :UNKO:O H-Acceptor
2.38 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A1 y5a5:HN H-Donor :UNKO:O H-Acceptor
1.92 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:SER546:0 H-Acceptor
2.16 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:ASP547:0D1 H-Acceptor
2.80 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:GLU748:0 H-Acceptor
251 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:SER546:0 H-Acceptor
3.76 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLU748:0 H-Acceptor
3.25 Hydrogen Bond | Carbon Hydrogen Bond :UNKO0:C H-Donor A:SER546:0 H-Acceptor
Glucose_chain
3.08 Hydrogen Bond ggz\éentlonal Hydrogen A:ASN541:HD22 H-Donor :UNKO:0 H-Acceptor
2.37 Hydrogen Bond ggz\éentlonal Hydrogen | A y5a5:HN H-Donor "UNKO0:0 H-Acceptor
213 Hydrogen Bond ggz\éentlonal Hydrogen | A seR546:HN H-Donor :UNKO:O H-Acceptor
2.63 Hydrogen Bond ggz\éentlonal Hydrogen | -TRp751:HEL H-Donor "UNKO0:0 H-Acceptor
3.05 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | nKko:H H-Donor A:VAL543:0 H-Acceptor
2.80 Hydrogen Bond ggz\éentlonal Hydrogen | \ko:H H-Donor A:ASP547:0D1 H-Acceptor
2.07 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLU748:0 H-Acceptor
2.48 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:VAL543:0 H-Acceptor
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2.25 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:SER546:0 H-Acceptor
3.33 Hydrogen Bond | Carbon Hydrogen Bond | A:GLN749:CA H-Donor :UNKO:0 H-Acceptor
2DG _ring
2.49 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A y545:HN H-Donor :UNKO:0 H-Acceptor
2.27 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A y545:HN H-Donor :UNKO:0 H-Acceptor
2.20 Hydrogen Bond ggz\éentlonal Hydrogen A:SER546:HN H-Donor :UNKO0:0 H-Acceptor
2.62 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A5 N738:HE22 H-Donor :UNKO:0 H-Acceptor
2.48 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:VAL543:0 H-Acceptor
2.23 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLU748:0 H-Acceptor
2.94 Hydrogen Bond | Carbon Hydrogen Bond :UNKQO:C H-Donor A:ASP547:0D1 H-Acceptor
Glucose _ring
2.35 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | A.GLys45:HN H-Donor :UNKO0:0 H-Acceptor
2.40 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | A .seR723:HG H-Donor 'UNKO0:0 H-Acceptor
2.00 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:SER546:0 H-Acceptor
2.15 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | ;\ko:H H-Donor A:ASP547:0D1 H-Acceptor
2.56 Hydrogen Bond (ngg\éentlonal Hydrogen | nKko:H H-Donor A:ILE722:0 H-Acceptor
3.61 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLU748:0 H-Acceptor
Human Fructose 1,6-bisphosphate Aldolase (PDB ID: 4ALD)
2DG_chain
252 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | A vs200:Hz1 H-Donor {UNKO0:0 H-Acceptor
2.50 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A\ vs220:HZ2 H-Donor :UNKO0:O H-Acceptor
1.82 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | \:seR271:HG H-Donor "UNKO0:0 H-Acceptor
3.0 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | .51 y272:HN H-Donor :UNKO:O H-Acceptor
1.87 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A GLy273:HN H-Donor :UNKO0:O H-Acceptor
2.39 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | .51 y302:HN H-Donor "UNKO0:0 H-Acceptor
2.37 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARG303:HN H-Donor :UNKO:O H-Acceptor
2.50 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
2.16 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor "UNKO0:0 H-Acceptor
2.43 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:SER300:0 H-Acceptor
Glucose_chain
2.07 Hydrogen Bond ggz\éentlonal Hydrogen A:ARG42:HH12 H-Donor :UNKO:0 H-Acceptor
2.29 Hydrogen Bond ggz\éentlonal Hydrogen A:ARG42:HH22 H-Donor :UNKO:0 H-Acceptor
253 Hydrogen Bond ggz\éentlonal Hydrogen | 5. vs146:Hz1 H-Donor :UNKO:O H-Acceptor
2.72 Hydrogen Bond ggz‘ée”t'ona' Hydrogen 1 A vs146:Hz3 H-Donor "UNKO0:0 H-Acceptor
2.77 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | .51 y302:HN H-Donor "UNKO0:0 H-Acceptor
2.35 Hydrogen Bond ggz\éentlonal Hydrogen | A1 y302:HN H-Donor :UNKO:O H-Acceptor
2.28 Hydrogen Bond ggz‘ﬁ"e”t'o”a' Hydrogen | A ARG303:HN H-Donor "UNKO0:0 H-Acceptor
2.29 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:SER300:0 H-Acceptor
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2.75 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
1.74 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor :UNKO0:0 H-Acceptor
2DG _ring
291 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:ASN70:0 H-Acceptor
2.84 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:ILE73:.0 H-Acceptor
2.74 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:LYS100:0 H-Acceptor
2.15 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
1.88 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:LEU63:0 H-Acceptor
3.78 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:VAL69:0 H-Acceptor
Glucose_ring
2.65 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A vs200:Hz1 H-Donor "UNKO0:0 H-Acceptor
2.96 Hydrogen Bond (ngg\éentlonal Hydrogen | a: vs220:Hz2 H-Donor :UNKO0:0 H-Acceptor
2.34 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | A ARG303:HN H-Donor 'UNKO0:0 H-Acceptor
2.65 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A:ARG303:HN H-Donor {UNKO0:0 H-Acceptor
2.77 Hydrogen Bond ggz‘e"e”t'o”a' Hydrogen | yno:H H-Donor A:SER300:0 H-Acceptor
2.34 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | . ;NKko:H H-Donor A:GLU34:0E2 H-Acceptor
2.19 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | yno:H H-Donor A:ASP33:0D1 H-Acceptor
Human Triose Phosphate Isomerase (PDB ID: 6NLH)
2DG_chain
2.50 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | - AsN11:HD21 H-Donor :UNKO:O H-Acceptor
2.63 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARGO8:HH11 H-Donor "UNKO0:0 H-Acceptor
2.99 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARGOS:HH12 H-Donor :UNKO:O H-Acceptor
211 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:GLN64:0EL H-Acceptor
2.39 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:GLU97:0E1 H-Acceptor
3.08 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:GLN64:0 H-Acceptor
3.38 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLN64:0 H-Acceptor
Glucose_chain
2.58 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | .51 y232:HN H-Donor "UNKO0:0 H-Acceptor
2.87 Hydrogen Bond ggz\éentlonal Hydrogen | A1 y232:HN H-Donor :UNKO:O H-Acceptor
221 Hydrogen Bond ggz\éentlonal Hydrogen | o1 A234:HN H-Donor :UNKO:O H-Acceptor
2.23 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY209:0 H-Acceptor
2.50 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY210:0 H-Acceptor
2.94 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:LEU230:0 H-Acceptor
241 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:VAL212:0 H-Acceptor
2.03 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
2.58 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
3.64 Hydrogen Bond | Carbon Hydrogen Bond | A:GLY232:CA H-Donor :UNKO:0 H-Acceptor
2DG _ring
2.43 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A1 y232:HN H-Donor :UNKO:0 H-Acceptor
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2.66 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:GLY209:0 H-Acceptor
2.63 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY210:0 H-Acceptor
241 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:LEU230:0 H-Acceptor
2.58 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | Nko:H H-Donor A:GLU165:0E2 H-Acceptor
2.44 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY209:0 H-Acceptor
211 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:LEU230:0 H-Acceptor
Glucose _ring
2.56 Hydrogen Bond ggg‘o"e”t'o”a' Hydrogen | A AgN11:HD21 H-Donor :UNKO:0 H-Acceptor
2.23 Hydrogen Bond ggz\éentlonal Hydrogen A:ASN11:HD21 H-Donor :UNKO0:0 H-Acceptor
2.37 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A ARGO8:HH11 H-Donor :UNKO0:0 H-Acceptor
213 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | ;\ko:H H-Donor A:GLU97:0E1 H-Acceptor
3.69 Hydrogen Bond | Carbon Hydrogen Bond | A:ARG98:CD H-Donor :UNKO0:0 H-Acceptor
3.55 Hydrogen Bond | Carbon Hydrogen Bond :UNKQO:C H-Donor A:GLN64:0E1 H-Acceptor
3.53 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLN64:0E1 H-Acceptor
3.38 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLN64:0E1 H-Acceptor
3.09 Hydrogen Bond | Carbon Hydrogen Bond :UNKQO:C H-Donor A:GLN64:0 H-Acceptor
Human Glyceraldehyde-3-Phosphate Dehydrogenase (PDB ID: 3GPD)
2DG_chain
1.81 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | o ASN33:HD22 H-Donor :UNKO0:0 H-Acceptor
2.16 Hydrogen Bond (ngg\éentlonal Hydrogen | nko:H H-Donor R:ASP34:0D1 H-Acceptor
2.77 Hydrogen Bond gg%ennonal Hydrogen | nko:H H-Donor R:PRO35:0 H-Acceptor
2.43 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor R:ASN33:0 H-Acceptor
2.939 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor R:THR98:0 H-Acceptor
2.52 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor R:ASP34:0D1 H-Acceptor
2.66 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor R:PRO35:0 H-Acceptor
3.72 Hydrogen Bond | Carbon Hydrogen Bond R:ASP34:CA H-Donor :UNKO:0 H-Acceptor
3.36 Hydrogen Bond | Carbon Hydrogen Bond R:PR0O35:CD H-Donor :UNKQO:0 H-Acceptor
3.45 Hydrogen Bond | Carbon Hydrogen Bond R:PRO35:CD H-Donor :UNKO0:0 H-Acceptor
Glucose chain
2.68 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | o ASN33:HD21 H-Donor "UNKO0:0 H-Acceptor
2.19 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | £ ASN33:HD22 H-Donor :UNKO:O H-Acceptor
2.99 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor R:ASP8:0D1 H-Acceptor
2.53 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor R:ASP34:0D1 H-Acceptor
2.26 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor R:PRO35:0 H-Acceptor
3.71 Hydrogen Bond | Carbon Hydrogen Bond R:ASP34:CA H-Donor :UNKQO:0 H-Acceptor
2DG_ring
2.69 Hydrogen Bond ggz\éentlonal Hydrogen R:ASN33:HD21 H-Donor :UNKO0:0 H-Acceptor
1.91 Hydrogen Bond ggz\éentlonal Hydrogen | ¢ ASN33:HD22 H-Donor :UNKO:O H-Acceptor
2.16 Hydrogen Bond ggz\éentlonal Hydrogen R:THR98:HG1 H-Donor :UNKO:0 H-Acceptor
2.89 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor R:ASP34:0D1 H-Acceptor
2.92 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor R:GLU78:0 H-Acceptor
Glucose _ring
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Conventional Hydrogen

2.39 Hydrogen Bond Bond R:GLY9:HN H-Donor :UNKO:0 H-Acceptor
2.09 Hydrogen Bond ggz\éentional Hydrogen R:ASN33:HD22 H-Donor :UNKO0:0 H-Acceptor
2.53 Hydrogen Bond ggg\éentional Hydrogen :UNKO:H H-Donor R:THR98:0 H-Acceptor
2.58 Hydrogen Bond ggg\éentional Hydrogen :UNKO:H H-Donor R:THR98:0 H-Acceptor
2.03 Hydrogen Bond ggz\éentional Hydrogen :UNKO:H H-Donor :UNKO0:0 H-Acceptor
2.66 Hydrogen Bond gg:\éentional Hydrogen :UNKO:H H-Donor R:ASP8:0D1 H-Acceptor
2.05 Hydrogen Bond ggg‘ée”tiona' Hydrogen | Nko:H H-Donor R:ASP34:0D1 H-Acceptor
2.24 Hydrogen Bond ggz\éentional Hydrogen :UNKO:H H-Donor R:ASN33:0 H-Acceptor
Human Phosphoglycerate Kinase (PDB ID: 3C3C)
2DG_chain
2.01 Hydrogen Bond ggz‘ée”tiona' Hydrogen | A ARG38:HH12 H-Donor :UNKO0:0 H-Acceptor
3.00 Hydrogen Bond ggg‘e"e”tiona' Hydrogen | A ARG38:HH12 H-Donor {UNKO0:0 H-Acceptor
2.29 Hydrogen Bond ggg‘ée”ﬁo”a' Hydrogen | A-pyise2:HE2 H-Donor :UNKO0:0 H-Acceptor
2.34 Hydrogen Bond ggz‘ée”tiona' Hydrogen | A ARG122:HH12 H-Donor :UNKO0:0 H-Acceptor
2.46 Hydrogen Bond ggg‘e"e”tiona' Hydrogen | \: ARG122:HH22 H-Donor {UNKO0:0 H-Acceptor
250 Hydrogen Bond ggg‘ée”tiona' Hydrogen | A1 y396:HN H-Donor {UNKO0:0 H-Acceptor
2.48 Hydrogen Bond gg:\éentional Hydrogen :UNKO:H H-Donor A:GLY166:0 H-Acceptor
Glucose_chain
2.19 Hydrogen Bond ggg‘ée”tiona' Hydrogen | A ARG38:HH22 H-Donor :UNKO:O H-Acceptor
2.18 Hydrogen Bond ggg‘ée”tiona' Hydrogen | A ARG38:HH22 H-Donor "UNKO0:0 H-Acceptor
253 Hydrogen Bond ggz‘ée”tiona' Hydrogen | A is62:HE2 H-Donor :UNKO:O H-Acceptor
2.39 Hydrogen Bond ggg‘ée”tiona' Hydrogen | A is62:HE2 H-Donor :UNKO:O H-Acceptor
2.14 Hydrogen Bond ggg‘ée”tiona' Hydrogen | \: ARG122:HH12 H-Donor "UNKO0:0 H-Acceptor
2.49 Hydrogen Bond ggz‘ée”tiona' Hydrogen | \: ARG122:HH22 H-Donor "UNKO0:0 H-Acceptor
231 Hydrogen Bond ggg‘ée”tiona' Hydrogen | A is169:HE2 H-Donor :UNKO:O H-Acceptor
2.18 Hydrogen Bond ggg‘ée”tiona' Hydrogen | A1 y396:HN H-Donor "UNKO0:0 H-Acceptor
2.72 Hydrogen Bond ggz‘ée”ﬂo”a' Hydrogen | nKko:H H-Donor A:GLY394:0 H-Acceptor
1.81 Hydrogen Bond ggz\éentional Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
1.85 Hydrogen Bond ggz\éentional Hydrogen :UNKO:H H-Donor A:GLY166:0 H-Acceptor
3.68 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLY166:0 H-Acceptor
2DG_ring
1.97 Hydrogen Bond ggz‘éemiona' Hydrogen | A AsN25:HD21 H-Donor :UNK0:0 H-Acceptor
2.67 Hydrogen Bond ggz\éentional Hydrogen A:ARG38:HH12 H-Donor :UNKO:0 H-Acceptor
2.55 Hydrogen Bond gg%emiona' Hydrogen | A 1s169:HE2 H-Donor :UNKO:O H-Acceptor
2.16 Hydrogen Bond ggz‘éemiona' Hydrogen | A ARG170:HH21 H-Donor :UNKO:O H-Acceptor
2.48 Hydrogen Bond ggz‘éemiona' Hydrogen | . ARG170:HH21 H-Donor "UNKO0:0 H-Acceptor
2.36 Hydrogen Bond Conventional Hydrogen :UNKO:H H-Donor A:ASP23:0D2 H-Acceptor
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2.77 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:GLY394:0 H-Acceptor
Glucose ring
2.50 Hydrogen Bond ggz\éentlonal Hydrogen A:ARG38:HH22 H-Donor :UNKO0:0 H-Acceptor
2.44 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A 1s62:HE2 H-Donor :UNKO:O H-Acceptor
3.05 Hydrogen Bond ggg\éentlonal Hydrogen A:ARG65:HH21 H-Donor :UNKO0:0 H-Acceptor
3.00 Hydrogen Bond ggz\éentlonal Hydrogen A:ARG170:HE H-Donor :UNKO0:0 H-Acceptor
1.85 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | - ARG170:HH21 H-Donor :UNKO:0 H-Acceptor
2.69 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:GLY394:0 H-Acceptor
1.90 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLY166:0 H-Acceptor
Human Phosphoglycerate Mutase (PDB ID: 1YJX)
2DG chain
2.20 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | A ASN17:HD22 H-Donor 'UNKO0:0 H-Acceptor
213 Hydrogen Bond (ngg\éentlonal Hydrogen | A.sER23:HN H-Donor :UNKO0:0 H-Acceptor
2.92 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A: ARGOO:HH11 H-Donor {UNKO0:0 H-Acceptor
2.15 Hydrogen Bond ggﬂ‘e"e”t'o”a' Hydrogen | A:ASN188:HD22 H-Donor {UNKO0:0 H-Acceptor
271 Hydrogen Bond (ngg\éentlonal Hydrogen | . ;NKko:H H-Donor A:ARG21:0 H-Acceptor
2.36 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:SER23:0G H-Acceptor
2.29 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor :UNKO0:0 H-Acceptor
3.39 Hydrogen Bond | Carbon Hydrogen Bond :UNKO0:C H-Donor A:SER23:0G H-Acceptor
Glucose chain
2.41 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARG10:HH21 H-Donor "UNKO0:0 H-Acceptor
2.86 Hydrogen Bond ggg\éentlonal Hydrogen A:SER14:HG H-Donor :UNKO:0 H-Acceptor
2.38 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARG62:HH12 H-Donor :UNKO:O H-Acceptor
2.36 Hydrogen Bond ggg‘ée”t'ona' Hydrogen 1 A\ vs100:Hz1 H-Donor {UNKO:0 H-Acceptor
2.71 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:ARG21:0 H-Acceptor
2.34 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | . ;NKko:H H-Donor A:GLU89:0E2 H-Acceptor
2.09 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | . jNKko:H H-Donor A:GLUB9:0E2 H-Acceptor
2DG_ring
2.37 Hydrogen Bond ggz\éentlonal Hydrogen | A ARGO0:HH11 H-Donor :UNKO:O H-Acceptor
2.63 Hydrogen Bond ggz\éentlonal Hydrogen | \: ARG116:HH11 H-Donor "UNKO0:0 H-Acceptor
2.57 Hydrogen Bond ggz\éentlonal Hydrogen | NKko:H H-Donor A:ASN188:0D1 H-Acceptor
2.64 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor :UNKO:0 H-Acceptor
3.01 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLUB89:0E2 H-Acceptor
3.46 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:ARG116:0 H-Acceptor
Glucose_rin
2.49 Hydrogen Bond ggz\éentlonal Hydrogen | A ARG10:HH21 H-Donor :UNKO:O H-Acceptor
2.45 Hydrogen Bond ggg‘éem'o”a' Hydrogen | A- ASN17:HD22 H-Donor "UNKO0:0 H-Acceptor
1.87 Hydrogen Bond Conventional Hydrogen A:SER23:HN H-Donor :UNKO0:0 H-Acceptor
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Conventional Hydrogen

251 Hydrogen Bond Bond :UNKO:H H-Donor A:ARG21:0 H-Acceptor
2.59 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:SER23:0G H-Acceptor
2.11 Hydrogen Bond ggg\éentlonal Hydrogen | yno:H H-Donor A:GLU89:0E?2 H-Acceptor
2.65 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:SER23:0G H-Acceptor
Human Enolase (PDB ID: 4ZCW)
2DG chain
2.82 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A vs120:Hz2 H-Donor :UNKO:0 H-Acceptor
2.73 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A vs120:Hz2 H-Donor :UNKO:0 H-Acceptor
2.57 Hydrogen Bond ggz\éentlonal Hydrogen A:LYS120:HZ3 H-Donor :UNKO0:0 H-Acceptor
3.04 Hydrogen Bond ggg\éentlonal Hydrogen | A - rHR379:HN H-Donor :UNKO:O H-Acceptor
2.57 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A THR379:HG1 H-Donor :UNKO0:0 H-Acceptor
2.46 Hydrogen Bond (ngg\éentlonal Hydrogen :UNKO:H H-Donor A:ARG32:0 H-Acceptor
2.26 Hydrogen Bond (B:gg‘ée”“o”a' Hydrogen | ;\ko:H H-Donor :UNKO0:0 H-Acceptor
2.93 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:GLU377:0 H-Acceptor
Glucose_chain
1.90 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | A vs343:Hz1 H-Donor {UNKO0:0 H-Acceptor
2.65 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | A\ ys343:HZ1 H-Donor :UNKO0:0 H-Acceptor
2.04 Hydrogen Bond ggz‘e"e”t'o”a' Hydrogen | A\ vs343:HZ2 H-Donor :UNKO:0 H-Acceptor
2.75 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARG372:HE H-Donor :UNKO:O H-Acceptor
2.34 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A ARG372:HE H-Donor "UNKO0:0 H-Acceptor
1.90 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | Nko:H H-Donor A:SER373:0G:B H-Acceptor
3.00 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:GLU167:0E2 H-Acceptor
2.92 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:GLU210:0E1 H-Acceptor
2.49 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | nKko:H H-Donor A:ASP245:0D2 H-Acceptor
2.04 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:GLU293:0E2 H-Acceptor
2.64 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | nKko:H H-Donor A:ASP318:0D2 H-Acceptor
2.36 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:HIS371:0 H-Acceptor
3.60 Hydrogen Bond | Carbon Hydrogen Bond | A:HIS371:CD2 H-Donor :UNKO0:0 H-Acceptor
3.35 Hydrogen Bond | Carbon Hydrogen Bond | A:LYS394:CE H-Donor :UNKO0:0 H-Acceptor
3.59 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:GLN166:0E1 H-Acceptor
2DG_ring
221 Hydrogen Bond ggz\éentlonal Hydrogen | A vs343:Hz2 H-Donor :UNKO:O H-Acceptor
2.52 Hydrogen Bond ggz\éentlonal Hydrogen | A is371:HE2 H-Donor :UNKO:O H-Acceptor
2.06 Hydrogen Bond ggz\éentlonal Hydrogen A:SER373:HG H-Donor :UNKO:0 H-Acceptor
3.07 Hydrogen Bond ggz\éentlonal Hydrogen | A.sER373:HG:B H-Donor :UNKO:O H-Acceptor
2.23 Hydrogen Bond ggz\éentlonal Hydrogen | \ko:H H-Donor A:GLU210:0E1 H-Acceptor
2.83 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:GLN166:0E1 H-Acceptor
1.94 Hydrogen Bond | Conventional Hydrogen | 0.y H-Donor A:GLU167:0E2 H-Acceptor

Bond
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2.95 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:SER40:0 H-Acceptor
2.70 Hydrogen Bond ggz\éentlonal Hydrogen :UNKO:H H-Donor A:SER40:0G H-Acceptor
2.15 Hydrogen Bond ggg\éentlonal Hydrogen :UNKO:H H-Donor A:SER40:0G H-Acceptor
3.77 Hydrogen Bond | Carbon Hydrogen Bond A:ARG372:CA H-Donor :UNKQO:0 H-Acceptor
2.67 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:SER373:0G H-Acceptor
3.56 Hydrogen Bond | Carbon Hydrogen Bond :UNKO:C H-Donor A:HIS371:0 H-Acceptor
Glucose_ring
242 Hydrogen Bond ggg\éentlonal Hydrogen A:ALA39:HN H-Donor :UNKO:0 H-Acceptor
2.74 Hydrogen Bond ggg\éentlonal Hydrogen A:ALA39:HN H-Donor :UNKO:0 H-Acceptor
1.92 Hydrogen Bond ggz\éentlonal Hydrogen A:LYS343:HZ1 H-Donor :UNKO0:0 H-Acceptor
2.33 Hydrogen Bond ggg‘ée”t'ona' Hydrogen | A is371:HE2 H-Donor :UNKO:0 H-Acceptor
2.80 Hydrogen Bond ggz\éentlonal Hydrogen A:SER373:N H-Donor :UNKO0:0 H-Acceptor
1.86 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | NKko:H H-Donor A:GLU167:0E2 H-Acceptor
3.08 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | ;\ko:H H-Donor A:GLU210:0E2 H-Acceptor
231 Hydrogen Bond ggz‘ée”t'ona' Hydrogen | ;\ko:H H-Donor A:GLU210:0E1 H-Acceptor
1.97 Hydrogen Bond ggg‘e"e”t'o”a' Hydrogen | nko:H H-Donor A:ASP318:0D2 H-Acceptor
2.23 Hydrogen Bond gg:\éentlonal Hydrogen :UNKO:H H-Donor A:SER40:0G H-Acceptor
3.08 Hydrogen Bond | Carbon Hydrogen Bond A:GLY38:CA H-Donor :UNKQO:0 H-Acceptor
2.87 Hydrogen Bond | Carbon Hydrogen Bond :UNKQO:C H-Donor A:SER40:0G H-Acceptor
3.70 Hydrogen Bond | Carbon Hydrogen Bond :UNKO0:C H-Donor A:ASP245:0D2 H-Acceptor
UNAVOURABLE NON-BOND
Human Phosphoglucose Isomerase (PDB ID: 1JLH)
2DG _chain
2.85 Unfavorable ngz\xg?ble Acceptor- A:GLU226:0E1 H-Acceptor :UNKO:0 H-Acceptor
Glucose_ring
1.46 Unfavorable Bgzi‘iorab'e Donor- A:GLN230:HE22 H-Donor 'UNKO:H H-Donor
Human Fructose 1,6-bisphosphate Aldolase (PDB ID: 4ALD)
Glucose_chain
1.34 Unfavorable gg‘;ao"rorab'e Donor- AILYS229:HZ1 H-Donor 'UNKO:H H-Donor
Glucose_ring
2.43 Unfavorable Bgzi‘iorab'e Donor- A:GLU34:HN H-Donor 'UNKO:H H-Donor
1.73 Unfavorable gg:}ao"rorab'e Donor- A:ARGA2:HH12 H-Donor 'UNKO:H H-Donor
2.41 Unfavorable Bg‘;}%"rorab'e Donor- ALYS229:HZ1 H-Donor {UNKO:H H-Donor
Human Triose Phosphate Isomerase (PDB ID: 6NLH)
2DG_chain
141 Unfavorable gg?o"rorab'e Donor- A:ASN11:HD21 H-Donor 'UNKO:H H-Donor
Glucose_chain
1.39 Unfavorable Bglr‘%vrorable Donor- A:GLY232:HN H-Donor :UNKO:H H-Donor
Glucose_rin
2.95 Unfavorable ngz\éﬁg?ble Acceptor- A:GLU97:0OE1 H-Acceptor :UNKO:0 H-Acceptor
Human Glyceraldehyde-3-Phosphate Dehydrogenase (PDB ID: 3GPD)
2DG_chain
1.90 Unfavorable gg:‘ao"rorab'e Donor- R:GLY9:HN H-Donor ‘UNKO:H H-Donor
1.92 Unfavorable gg:}"’(‘)"r"rab'e Donor- R:ASN33:HD21 H-Donor :UNKO:H H-Donor
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Glucose chain

2.79 Unfavorable Xg(f::\éz;?ble Acceptor- R:ASP34:0D1 H-Acceptor :UNKO0:0 H-Acceptor
2.81 Unfavorable ngz\éﬁ;?ble Acceptor- R:ASP34:0D1 H-Acceptor :UNKO0:0 H-Acceptor
Glucose_ring
2.49 Unfavorable gg:}i"rorab'e Donor- R:VAL100:HN H-Donor :UNKO:H H-Donor
Human Phosphoglycerate Kinase (PDB ID: 3C3C)
2DG_chain
112 Unfavorable gg:}i"rorab'e Donor- A:ASN25:HD21 H-Donor :UNKO:H H-Donor
2.33 Unfavorable gggi"rorab'e Donor- A:HIS62:HE2 H-Donor :UNKO:H H-Donor
Glucose chain
1.43 Unfavorable ggz%"rorab'e Donor- A:ARG38:HH22 H-Donor :UNKO:H H-Donor
2.45 Unfavorable ggzi"rorab'e Donor- A:ARG65:HH21 H-Donor :UNKO:H H-Donor
Glucose ring
0.87 Unfavorable Bg‘;\%"rorab'e Donor- A:ARGE5:HH21 H-Donor {UNKO:H H-Donor
2.41 Unfavorable ggzi"rorab'e Donor- A:ARG170:HE H-Donor :UNKO:H H-Donor
122 Unfavorable gg‘;\%"rorab'e Donor- A:GLY396:HN H-Donor {UNKO:H H-Donor
Human Phosphoglycerate Mutase (PDB ID: 1YJX)
2DG_chain
2.35 Unfavorable ggzi"rorab'e Donor- A:ARG10:HH21 H-Donor :UNKO:H H-Donor
Glucose chain
1.96 Unfavorable Bg‘;\%"rorab'e Donor- A:SER23:HN H-Donor {UNKO:H H-Donor
1.56 Unfavorable Bg;a(l)\;orable Donor- :UNKO:H H-Donor :UNKO:H H-Donor
1.82 Unfavorable Bg;a(l)\;orable Donor- :UNKO:H H-Donor :UNKO:H H-Donor
Glucose ring
2.06 Unfavorable ggaao"rorab'e Donor- A:ASN17:HD22 H-Donor :UNKO:H H-Donor
158 Unfavorable Bgz‘"’(‘)‘?orab'e Donor- A:SER23:HN H-Donor :UNKO:H H-Donor
Human Enolase (PDB I1D: 4ZCW)
2DG chain
1.59 Unfavorable ggaao"rorab'e Donor- A:LYS120:HZ2 H-Donor :UNKO:H H-Donor
2.86 Unfavorable ng\gg?ble Acceptor- A:ASP378:0D2 H-Acceptor :UNKO:0 H-Acceptor
Glucose chain
2.38 Unfavorable Unfavorable Donor- A:SER373:N H-Donor
Donor
2DG_ring
2.26 Unfavorable Bglr‘%vrorable Donor- A:SER373:N H-Donor :UNKO:H H-Donor
2.72 Unfavorable Xgég;?g?ble Acceptor- A:SER40:0 H-Acceptor :UNKO0:0 H-Acceptor
UNSATISFIED SITE
Name | Atoms | Unsatisfied type
Human Hexokinase (PDB ID: 1QAH)
2DG chain
‘UNKO0:0 [ O [ Acceptor
Glucose chain
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
:UNKO:H H Donor
2DG ring
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
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:UNKO:H | H | Donor
Glucose Ring
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
Human Phosphoglucose Isomerase (PDB 1D: 1JLH)
2DG _chain
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
Glucose chain
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
2DG_ring
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
Glucosr_ring
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
Human Phosphofructokinase (PDB ID: 4WL0)
Glucose _chain
:UNKO:H [ H | Donor
2DG_ring
:UNKO:H H Donor
:UNKO:H H Donor
Glucose_ring
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
Human Fructose 1,6-bisphosphate Aldolase (PDB ID: 4ALD)
2DG _chain
:UNKO:H | H | Donor
Glucose_chain
:UNKO:H H Donor
:UNKO:H H Donor
2DG_ring
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
Glucose_ring
:UNKO:H H Donor
:UNKO:H H Donor
Human Triose Phosphate Isomerase (PDB ID: 6NLH)
2DG_chain
:UNKO:H [ H | Donor
Glucose chain
:UNKO:H | H | Donor
2DG_ring
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
Glucose_ring
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
:UNKO:H H Donor
Human Glyceraldehyde-3-Phosphate Dehydrogenase (PDB ID: 3GPD)
Glucose chain
:UNKO0:0 0 Acceptor
:UNKO:H H Donor
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:UNKO:H | H | Donor

2DG ring

:UNKQO:0 0 Acceptor

:UNKO:H H Donor

:UNKO:H H Donor

Glucose _ring

:UNKO:0 | 0 | Acceptor
Human Phosphoglycerate Kinase (PDB ID: 3C3C)

2DG_chain

:UNKO:H H Donor

:UNKO:H H Donor

:UNKO:H H Donor

Glucose chain

:UNKO:H H Donor

:UNKO:H H Donor

:UNKO:H H Donor

2DG_ring

:UNKO:H H Donor

:UNKO:H H Donor

Glucose _ring

:UNKO:H H Donor

:UNKO:H H Donor

:UNKO:H H Donor
Human Phosphoglycerate Mutase (PDB ID: 1YJX)

2DG chain

:UNKO:H H Donor

:UNKO:H H Donor

Glucose_chain

:UNKO:H H Donor

:UNKO:H H Donor

2DG_ring

:UNKO0:0 0 Acceptor

:UNKO:H H Donor

:UNKO:H H Donor

Glucose_ring

:UNKO0:0 0 Acceptor

:UNKO:H H Donor

:UNKO:H H Donor

Human Enolase (PDB ID: 4ZCW)

2DG _chain

:UNKO:H | H | Donor

Glucose_chain

:UNKO:H [ H | Donor

2DG_ring

:UNKO:H | H | Donor
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2DG_ring

Glucose_ring
Figure Sla. Skeletal structure of interactions of human phosphoglucose isomerase with 2DG and Glucose
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Figure S1b. 2Dl structure of interactions of human phosphoglucose isomerase with 2DG and Glucose.
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Glucose_ring

Figure S2a. Skeletal structure of interactions of human phosphofructokinase with 2DG and Glucose.
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Figure S2b. 2D structure of interactions of human phosphofructokinase with 2DG and Glucose.
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Glucose_ring

Figure S3a. Skeletal structure of interactions of human fructose 1,6-bisphosphate aldolase with 2DG and
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Figure S3b. 2D structure of interactions of human fructose 1,6-bisphosphate aldolase with 2DG and Glucose.
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Glucose_ring

Figure S4a. Skeletal structure of interactions of human triose phosphate isomerase with 2DG and Glucose.
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Figure S4b. 2D structure of interactions of human triose phosphate isomerase with 2DG and Glucose.
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2DG ring

Glucose_ring

Figure S5a. Skeletal structure of interactions of human glyceraldehyde-3-phosphate dehydrogenase with 2DG
and Glucose.
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Figure S5b. 2D structure of interactions of human glyceraldehyde-3-phosphate dehydrogenase with 2DG and
Glucose
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2DG_ring

Glucose_chain

Figure S6a. Skeletal structure of interactions of human phosphoglycerate kinase with 2DG and Glucose.
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Figure S6b. 2D structure of interactions of human phosphoglycerate kinase with 2DG and Glucose

https://nanobioletters.com/

28 of 31


https://doi.org/10.33263/LIANBS151.048
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS151.048

2DG _ring Glucose_ring

Figure S7a. Skeletal structure of interactions of human phosphoglycerate mutase with 2DG and Glucose.
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Figure S7b. 2D structure of interactions of human phosphoglycerate mutase with 2DG and Glucose.
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2DG ring Glucose_ring

Figure S8a. Skeletal structure of interactions of human enolase with 2DG and Glucose.
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Figure S8b. 2D structure of interactions of human enolase with 2DG and Glucos.
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