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(Re-)Viewing Role of Intracellular Glucose Beyond Extracellular
Regulation of Glucose-Stimulated Insulin Secretion by Pancreatic
Cells
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ABSTRACT: For glucose-stimulated insulin secretion (GSIS) by
pancreatic f-cells in animals, it is believed that ATP generated from
glucose metabolism is primarily responsible. However, this ignores two / GWSG%
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well-established aspects in literature: (a) intracellular ATP generation from ATP <= cop o ATP (=1 cop

other sources resulting in an overall pool of ATP, regardless of the original —— o)
source, and (b) that intracellular glucose transport is 10- to 100-fold higher | pavted, Cacabs I K Aipoeoed Coennd
than intracellular glucose phosphorylation in S-cells. The latter especially V4 ﬂ \’ / ﬂ \1
provides an earlier unaddressed, but highly appealing, observation o 4 o soo oo 000
pertaining to (at least transient) the presence of intracellular glucose &3 = & m oo
molecules. Could these intracellular glucose molecules be responsible for \ ﬂ / \ ﬂ /
the specificity of GSIS to glucose (instead of the widely believed ATP

e {11

production from its metabolism)? In this work, we provide a K festnseereten I /K
comprehensive compilation of literature on glucose and GSIS using

various cellular systems - all studies focus only on the extracellular role of glucose in GSIS. Further, we carried out a comprehensive
analysis of differential gene expression in Mouse Insulinoma 6 (MING6) cells, exposed to low and high extracellular glucose
concentrations (EGC), from the existing whole transcriptome data. The expression of other genes involved in glycolysis, Krebs cycle,
and electron transport chain was found to be unaffected by EGC, except Gapdh, Atp6v0Oa4, and Cox20. Remarkably, 3 upregulated
genes (Atp6v0a4, Cacnb4, Kifl1) in high EGC were identified to have an association with cellular secretion. Using glucose as a
possible ligand for the 3 proteins, computational investigations were carried out (that will require future ‘wet validation’, both in vitro
and in vivo, e.g., using primary islets and animal models). The glucose-affinity/binding scores (in kcal/mol) obtained were also
compared with glucose binding scores for positive controls (GCK and GLUT2), along with negative controls (RPA1, KU70—80,
POLA1, ACAA1A, POLRI1A). The binding affinity scores of glucose molecules for the 3 proteins were found to be closer to positive
controls. Therefore, we report the glucose binding ability of 3 secretion-related proteins and a possible direct role of intracellular
glucose molecules in GSIS.

B INTRODUCTION

Diabetes mellitus is a metabolic disease resulting from
impaired glucose sensing, dampened insulin activity, or an

secretion leads to hyperglycemia with an adverse effect on
internal organs and complications like retinopathy, nephrop-
athy, neuropathy, cardiovascular disease, and sexual abnormal-

absolute pancreatic f-cell destruction. As per the reports of the
International Diabetes Federation (IDF), there were 537
million diabetics worldwide in 2021, which is expected to reach
643 million by 2030 and 783 million by 2045." Diabetes
mellitus (DM) can be classified as Type 1 and Type 2,
respectively. Although accounting for only 5—10% of the total
diabetic individuals, Type 1 DM is often fatal, characterized by
an autoimmune pancreatic f-cell destruction, which leads to
absolute insulin deficiency.” Type 2 DM is a chronic metabolic
disease that happens due to genetic as well as acquired factors,
resulting in impaired pancreatic f-cell functions as well as
tissue insulin insensitivity.”* A decrease in both pancreatic f-
cell mass and insulin secretory granules has been reported.” In
fact, a 60% decrease in pancreatic f-cell mass with an
associated decrease in GSIS is also known.”” Impaired insulin
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ities.”” Inter- and intraislet cellular communication-regulated
insulin secretion is required to maintain a basal level of insulin
and stimulate GSIS response.'’ Glucose metabolism through
glycolysis is performed by glucokinase (GCK), which is an
isoform of hexokinase, termed hexokinase IV-f. This enzyme
has been known to be the “glucose sensor” in pancreatic f-
cells, performing the rate-limiting step of glucose phosphor-
ylation."" Glucose can regulate glucokinase activity, thereby
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regulating glucose usage as well as GSIS in pancreatic S-cells.'”

Hence, GCK proteins are also well-established glucose
interactors. The transport of glucose into the f-cells is not
rate limiting, executed by the glucose transporters GLUT1 or
GLUT2, depending on the species, human or rodent,
respectively. This rapid transport of glucose results in an
equilibrium between the extracellular and the intracellular
glucose molecules. Hence, GLUT proteins are also well-
established glucose interactors."*™° As is known, insulin
secreted from the J-cells of the pancreatic islets utilizes
extracellular glucose, which is required for metabolic energy.
Also, prevalent views on insulin secretion by pancreatic -cells
in animals are known to be dependent on the extracellular
glucose concentration stimulus as the triggering signal behind
GSIS. This is due to glucose metabolism that generates ATP,
followed by closure of Kurp channels and opening of Ca**
channels that elevate cytosolic Ca*", accounting for exocytosis
of insulin granules and, subsequently, the first phase of insulin
secretion. °~ '8 However, ATP generation or a rise in the ATP/
ADP ratio may happen from other intracellular pathways also.
Thus, the specificity of glucose in GSIS is not attributable to
ATP from glucose metabolism alone; in fact, the reason behind
this specificity remains undiscovered to date. The amplifying
signal of GSIS that accounts for the second phase of insulin
secretion is tightly regulated by glucose and dependent on the
metabolism of glucose, and glucose can independently enhance
insulin secretion due to its effect on Kypp channels."” ™' Both
the phases of GSIS happen due to the movement of “restless
newcomers” or the “readily releasable pool” of insulin granules
as well as the “reserve pool” of insulin granules that engage
upon glucose stimulus and fuse to the plasma membrane of
pancreatic -cells.”” It has also been reported that the rate of
intracellular glucose transport by GLUT proteins surpasses
glucose phosphorylation rate by 100 times.”’ There is limited
knowledge about these transported but unphosphorylated
glucose molecules. As a matter of fact, no direct link has been
established until date between glucose and insulin secretion. In
straightforward words, why is GSIS considered to be glucose
specific only, i.e., what are the direct roles of glucose molecules
in triggering as well as amplifying GSIS? To investigate these
questions, we hypothesized that intracellular (unphosphory-
lated) glucose molecules are somehow involved in the
regulation of insulin secretion. While there have been regular
attempts to gain insights into the regulatory action of glucose
and insulin secretion specifically pertaining to ‘extra-pancre-
atic-cell-homeostasis” and signaling pertaining to the role of
glucose amplification behind GSIS and as a “surface ligand”
behind triggering of GSIS, the intracellular role of glucose has
been attributed to generation of ATP primarily due to its
metabolism.”*** We move beyond the “convention”. Our work
specifically addresses the possible role of intracellular glucose
in the f-cells.

To test the hypothesis as explained above, and as mentioned
in Table 1, we used an experimental system whose GSIS was
comparable to that of mouse islets (275 mU/ 10° cells/24 h at
25 mM glucose stimulus) and has provided significant insights
into GSIS over the years, i.e., the cell culture model system of
Mouse Insulinoma 6 (MING6) cells.”**” From whole tran-
scriptome studies of Min6 cells exposed to extracellular
hyperglycemic conditions, we identified the upregulation of 3
secretion-specific genes corresponding to the proteins KIF11,
ATP6V0A4, and CACNB4. KIF11, also known as Kinesin-
related motor protein EgS, mediates secretory protein

transport to the cell membrane from the Golgi complex
through the transport of Rab6 containing CARTS,” expanded
as carriers of trans-Golgi to the cell surface toward the cell
membrane through the course of protein secretion.””
CACNB4, one of the Cayf4 auxiliary subunits, remains
attached to the transmembrane Cayal subunit, thereby
making up the functional Cay voltage-dependent calcium
channel staged on the pancreatic f-cell membrane. These
channels regulate f-cell insulin secretion.’*™** Mutation at the
a3 locus or loss of function of the a3 isoform of V-type ATPase
dampened insulin secretion in the isolated islets of oc/oc mice,
indicating that the protein participates in the exocytosis of
insulin secretory vesicles.”* Also, the a4 isoform of V-type
ATPase has been found to be expressed in kidneys regulating
acid—base equilibrium.” Based on our transcriptome data that
showed upregulation of the a4 isoform of V-type ATPase, we
assumed that this protein might be involved in insulin
secretion along with the a3 isoform. The question that we
aimed to address is whether these proteins sequester glucose or
not. Using AutoDock Tools 4.2.6 (http://autodock.scripps.
edu; ADT), glucose was investigated as a possible ligand for
the above 3 proteins; the docked conformations were
subsequently visualized using Discovery Studio 2021
(https://discover.3ds.com/discovery-studio-visualizer-
download; DS). ADT is a docking program based on the
Lamarckian genetic algorithm (LA). A free energy force field
creates or predicts conformations of 10 docked ligand poses
with their corresponding binding energies. The force field
includes six pairwise evaluations (V), including respective sets
of bound and unbound ligand (L), protein (P), and protein—
ligand (P-L) conformations. The pairwise evaluations consider
parameters consisting of repulsion, hydrogen bonding, electro-
statics, and desolvation.’*™*" For proteins not resolved entirely
by X-ray, NMR, or EM, AlphaFold-predicted protein structures
were used from AlphaFold"" protein structure Database v2.0
(https://alphafold.ebi.ac.uk/).

B RESULTS AND DISCUSSION

Model Systems for Insulin Secretion that Mimic
Pancreatic f-Cell Physiology. To emphasize the role of
internalized and nonphosphorylated glucose molecules behind
GSIS, we compiled a list of different insulin-secreting model
systems that are known to perform GSIS and also looked into
the role of glucose behind the same, as shown in Table 1. This
includes cell lines and primary islets. In Table S14, we have
shown Table 1 in detail. This includes the name (source or
species) of the model systems and the procedure by which they
were isolated, the stimulus method behind GSIS, extent of
maximum insulin content or secretion, type of insulin assay,
extent of fold change observed as a response to GSIS, and the
role of glucose behind GSIS, with appropriate references. Each
of the model systems has its own unique properties, which
relate to pancreatic f-cell physiology or function. Starting with
primary rat, hamster, mouse, human islets, or well-established
cell lines, we also review nonislet cells engineered to produce
insulin.*>*

Compared to MING cells, some of the cell lines secreted
lower insulin (in terms of mU/10° cells/h); some were
unresponsive to glucose stimulation beyond a certain stimulus;
and some did not exhibit GSIS at physiological glucose
concentration, or did not show a considerable fold change in
GSIS at increasing glucose concentrations. Since MING6 cells
have a doubling time of 48 h as opposed to 82—166 h of rat
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Figure 1. Insulin secretion and glucose consumption by MING cells under HoG and HyG conditions. (A) Fold change in insulin secretion after
treatment with 2.8 and 25 mM extracellular glucose. (B) Glucose consumption by cells, calculated by measuring the residual glucose concentration
in the culture medium after 1 h of incubation with the initially supplied glucose concentrations of 2.8 and 25 mM extracellular glucose.
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Figure 2. Transcriptome analyses of MING cells under HoG and HyG conditions. The log 2 fold change (log 2 fc) was set at a threshold of +1.5;
75 protein-coding genes were upregulated and 78 protein-coding genes were downregulated at high EGC, in terms of FPKM. The inset shows
control transcriptome analyses - housekeeping genes are relatively unaffected in HoG and HyG conditions (only fold changes are shown to
highlight the very minor variabilities observed).

insulinoma cells or 120 h of human insulinoma cells, they are
convenient for subculturing. As mentioned earlier, MING cells
secrete a considerable amount of insulin (275 mU/ 10° cells/24
h at 25 mM EGC), which is comparable to that of mouse islets.
Not only do they respond to physiological glucose levels but
they also show enhanced GSIS with a significant fold change at
incremental EGCs. Thus, all of these factors consolidate MIN6

cells as a robust in vitro model system for studying pancreatic
P-cell physiology.

Insulin Secretion. MING6 cells have been triggered by 2.8
and 25 mM extracellular glucose concentrations. Figure 1A
shows increased insulin secretion when treated with 25 mM
extracellular glucose, as opposed to 2.8 mM extracellular
glucose. Glucose consumption was calculated by measuring the
residual glucose concentration in the culture medium after 1 h

11758 https://doi.org/10.1021/acsomega.3c09171
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Table 2. Selection of Protein Structures: The Protein Structures Used for Glucose Binding Analyses through ADT

gene protein residues organism PDB/UniProt accession
KIF11 kinesin-like protein 1052 Mus musculus Q6P9P6
KIF11 kinesin-like protein 1056 Homo sapiens PS2732
CACNB4 voltage-dependent L-type calcium channel subunit -4 519 M. musculus Q8R0S4
CACNB4 voltage-dependent L-type calcium channel subunit $-4 520 H. sapiens 000305
ATP6VO0A4 V-type proton ATPasel16 kDa subunit a isoform 4 833 M. musculus Q920R6
ATP6V0A4 V-type proton ATPasel16 kDa subunit a isoform 4 840 H. sapiens Q9HBG4
GCK hexokinase 4 465 M. musculus P52792
GCK hexokinase 4 465 H. sapiens 1V4S/P35557
SLC2A2 solute carrier family 2, facilitated glucose transporter member 2 523 M. musculus P14246
SLC2A2 solute carrier family 2, facilitated glucose transporter member 2 524 H. sapiens P11168
RPA1 replication protein A 70 kDa DNA-binding subunit 623 M. musculus Q8VEE4
RPA1 replication protein A 70 kDa DNA-binding subunit 616 H. sapiens P27694
XRCC6/XRCCS Ku70—-80 heterodimer A chain —609 H. sapiens 1JEQ

B chain —565

XRCC6 Ku70 608 M. musculus P23475
XRCCé6 Ku70 609 H. sapiens P12956
XRCCS Ku80 732 M. musculus P27641
XRCCS Ku80 732 H. sapiens P13010
POLAIL DNA polymerase a catalytic subunit 1465 M. musculus P33609
POLAL DNA polymerase a catalytic subunit 1462 H. sapiens P09884
ACAAIA 3-ketoacyl-CoA thiolase A, peroxisomal 424 M. musculus Q921H38
ACAAIA 3-ketoacyl-CoA thiolase A, peroxisomal 424 H. sapiens P09110
POLRIA DNA-directed RNA polymerase I subunit RPA1L 1717 M. musculus 035134
POLRIA DNA-directed RNA polymerase I subunit RPA1 1720 H. sapiens 095602

of incubation with the initially supplied glucose concentration,
as shown in Figure 1B. Insulin secretion increased up to 2.3-
fold as compared to basal glucose level secretion. Next, we go
through transcriptome studies to estimate the gene expression
profile between HoG (2.8 mM) and HyG (25 mM) glucose
concentrations, respectively.

Transcriptome Studies. In this work, we analyzed
differential gene expression in MING cells exposed to low
and high extracellular glucose concentrations (EGC), from
their whole transcriptome data (55,467 distinct transcripts, of
which 14,427 were identified as successfully expressed
genes).”> The study of differentially expressed genes (DEGs)
can be obtained with high precision when the true number of
DEGs ranges from 15 to 30%, even in the absence of biological
replicates. ® We obtained a value of 26%; thus, our study of
DEGs was precise enough. The data were submitted to the
NCBI-GEO (National Center for Biotechnology Information
— Gene Expression Omnibus) database repository with an
assigned accession number record of GSE226652. The entire
differential gene expression analyses study can be viewed
through the link https://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?acc=GSE226652 and reference®. As shown in Figure 2
(inset), the fold change of housekeeping genes is unaffected
under both HoG and HyG conditions. We have taken these
genes as controls to check for differentially expressed genes at
different glucose treatments. The log2 fold change (log2 fc)
was set at a threshold of +1.5. In terms of FPKM, we found 75
protein-coding genes to be upregulated and 78 protein-coding
genes to be downregulated, respectively, at high EGC, as
shown in Figure 2 as well as Table S1a,b, respectively. Of these,
we identified that only 3 out of the upregulated genes
(Atp6v0a4, Cacnb4, Kif11) are involved in secretion. These 3
genes were upregulated in terms of both FPKM and TPM. So,
we went forward with FPKM values based on our results.
Remarkably, other than 3 (Gapdh, Atp6v0a4, and Cox20), the

expression of genes associated with glycolysis, the TCA cycle,
and ETC was found to be unaffected by EGC, as shown in
Table S2. Thus, we report that glucose consumption as a
nutrient is independent of EGC in GSIS.

Selection of Protein Structures, Glucose Binding
Studies through ADT, and Subsequent Visualization
of the Docked Conformations through DS. The protein
structures used for glucose binding analyses were downloaded
from RCSB PDB (https://www.rcsb.org/) and UniProt
database (https://www.uniprot.org/). AlphaFold-predicted
protein structures were used from AlphaFold protein structure
Database v2.0 (https://alphafold.ebi.ac.uk/). The details are
shown in Table 2. Truncated mouse KIF11 (residue 90—400)
and truncated mouse CACNB4 (residue 60—450) were also
used for glucose binding analyses.

The binding energies (kcal/mol) and the total number of
interactions for the respective 10 conformations within a single
protein as well as for every other protein molecule used are
shown in Tables S6a,b, S7, and S8a,b, respectively. They have
been categorized into 3 distinct protein sets: Test molecules
identified by transcriptome analyses under hyperglycemic
condition—KIF11 mouse, CACNB4 mouse, and ATP6V0A4
mouse as shown in Table S6a, and for truncated KIF11 (90—
400) and truncated CACNB4 (60—450) as shown in Table
S6b; positive controls, known interactors with glucose—GCK
(human and mouse) and GLUT2 (human and mouse), as
shown in Table S7; and negative controls, not known to
interact with glucose—RPAl human, KU70—80 human,
POLAI1 human, POLRIA human, and ACAAIA mouse, as
shown in Table S8a,b, respectively. The highest binding energy
values (kcal/mol) corresponding to a particular protein
conformation have been shown in Table 3 for test molecules,
positive controls, and negative controls. Accordingly, the two-
dimensional (2D) diagram of the ligand-bound protein
conformations that exhibited the highest binding energy values
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Table 3. Summary of the Highest Glucose Binding Scores
(kcal/mol) Obtained for the Respective Conformations of
the Test Molecules, Positive Controls, and Negative
Controls, Respectively

conformation with the

binding energy

protein highest binding energy (kcal/mol)

KIF11 mouse 10 —4.62
truncated KIF11 mouse ( 9 —4.56

90—400 residues)
CACNB4 mouse 6 —4.19
truncated CACNB4 mouse 3 —4.46

(60—450 residues)
ATP6VO0A4 mouse 1 —4.09
GCK mouse 4 =5.70
GCK human 1 —7.16
GLUT?2 mouse 9 —5.35
GLUT?2 human 3 and 4 —4.64
RPAI human 4 -3.81
KU70—-80 human 9 -3.75
POLA1 human 4 —3.58
POLRIA human 7 —2.66
ACAAI1A mouse 1and 3 —2.82

along with the different interactions as obtained through DS
have been shown in Figure 3A—E, corresponding to KIF11,
CACNB4, ATP6V0A4, truncated KIF11 and truncated
CACNB4 respectively; Figure 3F—] corresponding to human
GCK, mouse GCK, third docked conformation of human

GLUT?, fourth docked conformation of human GLUT?2, and
mouse GLUT?, respectively, and in Figure 3K—O correspond-
ing to RPAI, KU70—80, POLRIA, ACAAIA, and POLAL,
respectively. The highest binding energy corresponding to the
respective conformation of the protein molecule along with the
orientation or the binding propensity of the docked ligand (p-
glucose) was chosen and is shown in Table S10.

Calculation of Pearson Correlation Coefficient (r). Pearson
correlation coefficient (r) was calculated between the number
of interactions for the respective conformations within a single
protein molecule and the corresponding binding energies
(kcal/mol) obtained. This was done for every other protein
molecule used, as shown in Table S9. A scatter plot was drawn,
as shown in Figure 4, which showed the number of interactions
for every conformation within a single protein on the X-axis
and the corresponding binding energy scores (kcal/mol)
obtained on the Y-axis. This was done for all of the 14 protein
molecules. Since binding energy should decrease and tend
toward negative with increasing number of interactions as a
stable ligand-protein interaction is achieved, one would expect
a negative correlation between the 2 parameters for all of the
protein molecules.

Binding Studies with Other Ligands. As described in the
methodology for glucose binding analyses, binding studies
were further done with hexophosphate ligands involved in
glycolysis like G6P, F6P, and F16BP; epimers of glucose such
as mannose and galactose; aldohexoses such as altrose, allose,
gulose, idose, and talose, and ketohexoses such as fructose,
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Figure 3. 2D diagrams of the ligand-bound protein conformations. The ligand is D-glucose and the proteins in (A—E) are KIF11, CACNB4,
ATP6VO0A4, tKIF11, and tCACNB4; these complexes were found to have the highest binding energy value scores (in kcal/mol). 2D diagrams of
positive controls for the ligand-bound protein conformations; the proteins in (F—]) are human GCK, mouse GCK, 3rd conformation of human
GLUT?2, 4th conformation of human GLUT?2, and mouse GLUT2, respectively. 2D diagrams of negative controls for the ligand-bound protein
conformations; the proteins in (K—O) are RPA1, KU70—80, POLR1A, ACAAIA, and POLALI, respectively.
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psicose, tagatose, and sorbose. The three-dimensional (3D)
conformers of various ligands downloaded as .sdf files and used
for binding studies have been shown in Table S11, with their
respective PubChem CIDs (https://pubchem.ncbi.nlm.nih.
gov/). The highest binding score obtained is indicated in
parentheses alongside the corresponding conformation and is
shown in Table S3. The binding scores obtained correspond-
ing to the 10 docked conformations using the ligands as
mentioned above have been shown in Table S3a—o,
respectively, and the respective grid box parameters have
been shown in Table S4a—o, respectively.

Comparison between the Binding Scores Obtained for
Different Ligand-Protein Interactions. The highest binding
score was shown by GCK (human —7.16 kcal/mol and mouse
—5.7 kcal/mol, respectively) when docked with glucose,
substantiating the fact that they are well-known glucose
interactors. GLUT2 proteins (human —4.64 kcal/mol and
mouse —5.35 kcal/mol, respectively) also showed a high
binding score when docked with glucose, thus being well-
known glucose interactors. Interestingly, the test proteins
KIF11, CACNB4, and ATP6V0A4 showed binding scores of
—4.62, —4.19, and —4.09 kcal/mol, respectively, when docked
with glucose. These binding scores are closer to the glucose
binding scores obtained for the positive controls. The negative
controls RPA1, KU70—80, POLAI, ACAAIA, and POLRIA
showed binding scores of —3.81, —3.75, —3.58, —2.62, and
—2.66 kcal/mol, respectively, when docked with glucose.
Surprisingly, mannose showed a binding score of —4 kcal/mol
with GLUT2 mouse, and galactose showed a binding score of
—4.05 kcal/mol with GLUT2 human, respectively. Psicose
showed a binding score of —4.03 kcal/mol with GLUT2
human. Also, allose and talose showed a binding score of
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—4.13 and —4.09 kcal/mol, respectively, when docked with
GCK human, and gulose showed a binding score of —4.18
kcal/mol with GCK mouse.

Relevance of Grid Box Size Dimensions with Key Glucose
Binding Residues of Human Glucokinase and Glucose
Binding Score (kcal/mol). For glucose binding analysis with
human GCK, the grid box size or the axes dimension points
were first set at x = 40, y = 40, and z = 40, respectively. The
highest binding score thus obtained with glucose as the ligand
was —4 kcal/mol, and subsequent analysis through DS, as
shown in Figure SD, showed Lys'® and Asp®®® residues to be
present in the glucose binding cavity. The grid box size was
then increased to x = 126, y = 126, and z = 126, respectively.
The highest binding score obtained with glucose as the ligand
was —7.16 kcal/mol, and subsequent analysis through DS as
shown in Figure SA revealed Thr'®, Asn?®, Asn®*!, Glu**¢, and
Glu* to be present in the binding cavity residue along with
Lys'® and Asp®®, participating in hydrogen bond formation
with glucose. Interestingly, Glu™® is a key glucose binding
residue in the active site of GCK. The natural GCK mutation
at 256 E-K has been found in maturity-onset diabetes of the
young (MODY2), and site-directed mutagenesis resulted in
loss of glucose binding ability, rendering the enzyme
catalytically inactive.””~"°

Validating AutoDock’s Computational Output. Human
GCK complexed with glucose, PDB — 1V4S, was taken, as
shown in Figure SB. The 2D diagram of the number of
interactions obtained with glucose as analyzed through DS is
shown in Figure 5C. Now, glucose was docked with human
GCK protein through ADT and the 2D diagram of the
conformation exhibiting the highest binding score of —7.16
kcal/mol was analyzed through DS, as shown in Figure SE,F.
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Figure 5. Relevance of the grid box size dimensions with the key glucose binding residues of human GCK protein and computation of glucose
binding score (kcal/mol) along with validation of AutoDock’s computational output. Human GCK protein interacting with glucose as analyzed
through ADT and DS — Conformation 1 on the left (A) exhibiting the highest binding energy of —7.16 kcal/mol with all the 7 catalytic residues
present, whereas only 2 catalytic residues are present (or S absent) in Conformation 4 at the bottom (D) exhibiting the highest binding energy of
—4 kcal/mol. (B) shows the PDB structure (1V4S) of human GCK and (C) shows the interactions analyzed through DS. (E) shows conformation
1 of glucose-bound-human-GCK as obtained through ADT and (F) shows the interactions analyzed through DS.

The glucose binding pockets, as mentioned earlier, were
remarkably similar in both Figure SC and F involving the
glucose-interacting residues Thr'%, Lyslég, Asn®®, Asp®®,
Asn?!, Glu®*, and Glu®®.

Biological Validation of the Computational Results. To
further validate AutoDock’s computational output, experimen-
tally obtained binding affinities between a particular protein
and ligand in terms of K, (mM) were categorized into positive
and negative controls, and then were compared with the
obtained binding scores in terms of kcal/mol of the same
protein—ligand set. The protein—ligand sets are shown in
Table 4, with appropriate references.”' ™"
scatter plot was drawn between the binding affinity values in
terms of K, (mM) in the X-axis and AutoDock’s computa-
tional output (binding score values) in terms of kcal/mol in
the Y-axis, as shown in Figure 6. A strong/greater binding
affinity is characterized by a lower/lesser K., and this should
correspond to a lower (more negative) binding score in terms
of kcal/mol. This was seen from the scatter plot, which showed

A linear regression

Table 4. Biological Validation of Computational Results

binding score
obtained from

binding affinity
obtained from

AutoDock literature, K,
control protein—ligand (kcal/mol) (mM) refs
positive GCK-glucose, —7.16 6 73
control close
GCK-glucose, —-5.7 6 73
close
islet —5.35 17 74
GLUT2-glucose
liver —4.64 19 72
GLUT2-glucose
negative GCK without NA 30 76
control glucose, super
open
soybean NA 45 75
P-amylase
GLUT? fructose —3.66 76 71
GLUT?2 galactose —4.05 92 71
GLUT?2 mannose —2.4 125 71
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Figure 6. Biological validation of computational results. A linear regression scatter plot (R* = 0.79) between the experimental binding affinity values

in terms of K, in the X-axis and AutoDock-obtained binding scores

in terms of kcal/mol in the Y-axis.

an R” value of 0.79 or 0.88 (data not shown), thus indicating a
linear relationship between the two parameters.

Comparison between the Glucose Binding Scores
Obtained with the Test Proteins and the Binding Scores
Obtained with Other Ligands. The highest binding scores
(kcal/mol) obtained with the test proteins using glucose as the
ligand were statistically compared with the highest binding
scores (kcal/mol) obtained with the test proteins for every
other ligand, using two-tailed Student’s ¢ test assuming equal
variances. The p-values thus obtained are shown in Table S12.
Interestingly, none of the glycolytic metabolites or hexose
sugars exhibited a similarity with respect to the glucose binding
scores.

Comparison of Glucose Binding Scores between Homol-
ogous Proteins. Homologous proteins belonging to the same
protein sets were chosen that were previously not used for
binding studies, and then, binding studies were done
specifically using glucose as the ligand for comparison. The
glucose binding scores as obtained are shown in Table S13a.
The glucose binding scores for the 10 docked conformations
obtained for the homologous proteins are shown in Table SS.
The binding scores of the test proteins of a particular species
were statistically compared with the binding scores of positive
controls, negative controls, and in-between positive and
negative controls, respectively, of the same species. This was
repeated for the other species too. Then, binding scores of
similar proteins from two different species but belonging to the
same set were statistically compared. Statistical analyses were
done through two-tailed Student’s t test assuming equal
variances. The p-values thus obtained are shown in Table
S13b.

B CONCLUSIONS

Glucose functions to stimulate and, consequently, increase
insulin secretion. This process involves glucose-mediated
glycolysis and ATP utilization as an energy source. However,
within biological systems, cells can generate energy to a certain
extent, prompting questions about the conservation of cellular
energy. Recent research studies provide insights into how cells
conserve energy and secrete specific proteins, often at the
expense of other secretory proteins.”” Notably, glucose
molecules play a dual role: they not only contribute to energy
generation through GLUT2-glucokinase-mediated phosphor-
ylation in glycolysis but also enhance insulin secretion by
binding to other proteins that facilitate glucose-mediated
insulin secretion. Transcriptomic analyses of hyperglycemic-
exposed-MING6 cells identified upregulation of 3 secretion-
specific genes corresponding to proteins KIF11, ATP6V0A4,
and CACNB4. We have correlated the relevance of these 3
proteins with respect to cellular secretion and/or insulin
secretion. Briefly, KIF11, also known as Kinesin-related motor
protein EgS, mediates secretory protein transport to the cell
membrane from the Golgi complex through the transport of
RAB6 containing CARTS™® expanded as carriers of the trans-
Golgi to the cell surface toward the cell membrane.”” RABG is
a marker for secretory vesicles and can regulate post-Golgi
secretion.”/ RAB6 mediates insulin vesicle exocytosis and
secretion.”® RAB6 also controls targeting of constitutive
secretory vesicles through microtubule protein motor
Kinesin-1 to ELKS-rich sites in the cell membrane.”” ELKS
is present in pancreatic f-cells near insulin granules docked on
the PM and silencing of ELKS expression reduced GSIS.*
CACNB4, one of the Cayf4 auxiliary subunits, remains
attached to the transmembrane Cayal subunit, thereby
making up the functional Cay voltage-dependent calcium
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channel staged on the pancreatic f-cell membrane. These
channels regulate f-cell insulin secretion.’*™>> Mutation at the
a3 locus or loss of function of the a3 isoform of V-type ATPase
dampened insulin secretion in the isolated islets of oc/oc mice,
indicating that the protein participates in the exocytosis of
insulin secretory vesicles.” Also, the a4 isoform of V-type
ATPase has been found to be expressed in kidneys regulating
acid—base equilibrium.35 Thus, based on our transcriptome
data, we proceeded with these 3 proteins only, which are also
known to be involved in cellular secretion. These proteins
might sequester intracellular but nonphosphorylated glucose
and may take the center stage behind GSIS. Hence, using
ADT, glucose was investigated as a possible ligand for the
above 3 proteins. Glucose showed a higher binding score (in
kcal/mol) among all metabolites and other hexoses
(C¢H,04's) with all the 3 proteins. Further, the glucose-
affinity or binding scores with the 3 proteins were also
compared with the scores (in kcal/mol) for glucose as a ligand
for positive controls, GCK and GLUT2, and along with
negative controls, RPA1, KU70—80, POLA1l, ACAAIA, and
POLRIA. The binding scores of glucose molecules for KIF11,
ATP6VO0A4, and CACNB4 were found to be closer to positive
controls with statistically significant scores compared to
negative controls. Of course, future wet-laboratory work on
the binding of glucose to purified KIF11, CACNB4, and
ATP6V0A4 molecules would provide further validation to the
results obtained here. In this context, “wet validation” may
explicitly require a careful dissection of the results depending
on the technique (e.g, in vitro (i) single-cell-based vs
population cell cultures™®, (ii) types of cells, e.g., MING vs
primary islets etc., or in vivo) while considering sPeciﬁc
intracellular conditions (e.g,, compartmental/local pH® etc.)
encountered in specific wet-experimental systems. Further-
more, intracellular energy transactions,”>” especially viewing
the role of glucose molecules as intracellular ligands rather than
as a source of metabolic energy, will also need to be carefully
analyzed. The computational approaches utilized here do not
consider such variables arising out of wet-experimental set ups.
The above said, we report glucose sequestration ability OR
regulation-by-glucose-binding of the three cellular secretion-
related proteins for the first time, thereby presenting strong
evidence relating to a possibly direct role of intracellular but
unphosphorylated glucose molecules in GSIS. This opens a
unique and novel perspective toward understanding the
pathology of clinical conditions pertaining to exogenous-
insulin-requiring diabetes, including (onset of) Type 1
Diabetes, at a cellular level.

B MATERIALS AND METHODOLOGY

Chemicals. Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), Penstrep, and trypsin-
EDTA were obtained from Gibco. Monosodium phosphate
(NaH2PO4), Rat/Mouse (EZRMI-13K) Insulin ELISA Assay
Kit, and ethanol were purchased from Merck. Magnesium
chloride (MgCl,), glucose, calcium chloride (CaCl,), potas-
sium chloride (KCl), HEPES, monopotassium phosphate
(KH,PO,), sodium chloride (NaCl), dipotassium phosphate
(K,HPO,), sodium bicarbonate (NaHCOj), formaldehyde, 2-
propanol, BSA, and Bradford were purchased from Himedia,
India. Glucose oxidase, 4-aminoantipyrine N-ethyl-N-sulfo-
propyl-M-toluidine, horseradish peroxidase, disodium phos-
phate (Na,HPO,), and chloroform were purchased from

Sigma, India. Trizol was obtained from Ambion Life
Technology.

Cell Maintenance. MIN6 (Mouse Insulinoma 6) cells
were obtained from NCCS (National Center for Cell Sciences,
Pune). Cells were fed with DMEM containing 25 mM of
glucose and 10% FBS with 1% Penstrep at 37 °C and 5% CO,
as per literature.””*” For long-term experiments and
maintenance of healthy cells, cells were supplemented with
media every second day and split when necessary. Cells with
passages below 30 were used for the experiments.

Glucose-Stimulated Insulin Secretion (GSIS) Assays
on MING Cells. Cells were seeded at a density of 1 X 10° cells
per well and used at 75% confluency for the experiments. Cells
were washed with Krebs Ringer Bicarbonate Buffer (KCl 4.7
mM, NaCl 119 mM, MgSO, 1.2 mM, KH,PO, 1.19 mM,
CaCl, 2.5 mM, HEPES 10 mM, and NaHCO; 20 mM with
0.1% BSA) at pH 7.4 without glucose. Cells were treated with
2.8 mM glucose for 0.5 h and then stimulated at 25 mM
glucose in KRBH for 1 h at 37 °C and 5% CO, as per
protocol.””*" The supernatant was removed and centrifuged at
2500 rpm for S min and stored at —20 °C for insulin
estimation using the Insulin ELISA EZRMI-13K kit. Normal-
ization of secreted insulin was done using total cellular protein,
which was estimated by Bradford assay using BSA protein as a
standard. Experiments were performed in triplicates.

RNA Isolation and Transcriptome Study. Cells were
treated as described above for transcriptome studies. RNA was
isolated by the Trizol method according to the manufacturer’s
protocol. Cells were treated with 1 mL of Trizol and the cell
pellet was homogenized two to three times. Next, 0.2 mL of
chloroform was added and incubated for 5 min on ice. The
microcentrifuge tube was inverted and mixed 10 times, and the
samples were incubated again for 2—3 min on ice. The sample
was centrifuged in microcentrifuge tubes at 14,000 rpm for 15
min at 4 °C. After centrifugation, 3 distinct layers were formed.
The aqueous layer containing RNA was transferred to a new
tube and 0.5 mL of 2-propanol was added. The tube was
inverted and mixed 10 times, and the samples were incubated
for 10 min at —20 °C. The tube was then centrifuged at 14,000
rpm for 15 min to pellet down the total RNA. Next, the
supernatant was discarded and 1 mL of 75% ethanol was
added. The sample was then air-dried and dissolved in RNase-
free water. It was then stored at —80 °C for the RNA
sequencing studies. The purity of RNA was checked by a
Multiskan GO Spectrophotometer.

Transcriptome Study and Data Analysis. Transcrip-
tome studies were performed by Agrigenome Lab Private
Limited, Kerala, India. The quality and quantity of isolated
RNA were checked using an Agilent Tapestation 2200 and
Qubit 3.0 fluorimeter. After preparation of the sample library,
the quality of library was checked using Agilent Tapestation
2200 and quantified using a Qubit 3.0 fluorimeter, and the
validated libraries were sequenced on Illumina Hiseq X10
Platform for 2 X 150 bp length with 50 million reads. Since
30—40 million reads are sufficient to be technically precise in
measuring differential gene expression,82’83 we sequenced our
cDNA libraries with 50 million reads to achieve sufficient
technical precision. Differential expression analysis was done
using Cuffdiff, and gene ontology analysis (biological process,
molecular function, and cellular component) was done through
the Uniprot database. Mapping to a reference genome is a
crucial factor in evaluating the sample quality. The mapping
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was done on HISAT?2 taking reference genome GRCm38 of M.
musculus.

Transcriptome results were analyzed and presented in terms
of Fragments Per Kilobase of transcript per million mapped
reads (FPKM). However, it was recently suggested that
Transcripts Per Million (TPM) may be a more accurate way to

. 84 .
compare transcriptomes across samples.”” Conversion of TPM

FPKM .
SR Differ-

ential gene expression was analyzed in terms of both FPKM
and TPM, but the genes of interest were found to be
upregulated in both cases. So, we chose FPKM to present our
transcriptome results.

Selection of Protein Structures, Glucose Binding
Analyses Using AutoDock Tools 4.2.6 (ADT), and
Subsequent Visualization of the Docked Conforma-
tions through Discovery Studio 2021 (DS). The protein
structures used for glucose binding studies have been
mentioned in Table 2 under “Results and Discussion section”.
The exact methodology, various file formats, and pipeline used
for glucose binding analyses through ADT and subsequent
visualization through DS have been mentioned elaborately in
“Docking pipeline” in Supporting Information. Briefly, the
protein file (.pdb format) was opened in ADT and water
molecules were deleted, followed by addition of polar
hydrogens and Kollman charges. The ligand file (.pdb format)
was then opened in ADT and after proper initialization, the
respective ligand-protein complex was saved (.pdbqt format).
The grid box size dimensions were set to size_x = 126, size_y
= 126, and size_z = 126. The respective Autogrid parameter
file was then saved (.gpf format) and after a successful run, an
Autogrid log file (.glg format) was generated. Then, the
docking parameter file (.dpf format) was generated using
Lamarckian Genetic Algorithm. After a successful run, a
docking log file (.dlg format) was generated that contained
information on 10 binding scores (kcal/mol) of the
corresponding 10 docked ligand binding poses with the
respective protein. The.dlg file was saved (.pdbqt format) for
further analyses in DS as a 2D protein—ligand interaction.

Calculation of Pearson’s Correlation Coefficient. The
binding energies (kcal/mol) and the number of interactions for
the respective conformations within a single protein were
noted. This was done for every other protein molecule used.
Pearson’s correlation coefficient (r) was calculated between the
obtained binding energies (kcal/mol) and the number of
interactions for the respective conformations within a single
protein, and for every other protein molecule used.

Statistical Analyses. Two-tailed Student’s t test assuming
equal variances was performed using Microsoft Excel 2016 to
calculate the statistical significance between the groups. The p-
values <0.05 were considered as statistically significant.

was done using the equation TPM = 10° x
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Data Availability Statement

The data sets generated and/or analyzed during the current
study are available in the Gene Expression Omnibus (GEO)
repository (NCBI-GEO), Accession ID: GSE226652 (Token:
sbcxuogopdmptin, https://www.ncbinlm.nih.gov/geo/query/
acc.cgi?acc=GSE226652).
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The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.3c09171.

Fold change in log2 FPKM at HyG condition set at a
threshold of +1.5 for upregulated protein-coding genes.
Kif11, Cacnb4 and Atp6v0a4 is marked in bold, and Fold
change in log2 FPKM at HyG condition set at a
threshold of —1.5 for downregulated protein-coding
genes, respectively (Table Slab); expression of 154
genes involved in glycolysis, TCA cycle, and electron
transport chain were found to be unaffected by EGC as
seen by FPKM log2FC, corresponding numbers are
indicated in parentheses (Table S2); highest binding
scores (kcal/mol) obtained for every ligand used, the
corresponding conformation is indicated in parentheses
alongside highest binding scores obtained (Table S3);
binding scores of the 10 docked conformations for every
protein—ligand used (Table S3a—o); respective Ligand-
Protein coordinates with X, Y, Z axes dimension points,
spacing and X, Y, Z axes points of center grid box as
chosen in AutoDock Tools 4.2.6 (Table S4a—o);
glucose binding scores (kcal/mol) of 10 docked
conformations of the homologous proteins (Table SS);
respective conformations, number of interactions and
glucose binding scores (kcal/mol) obtained for the test
molecules (KIF11, CACNB4, ATP6V0A4) as shown in
Table S6ab; positive controls (human and mouse
Glucokinase, human and mouse GLUT2) in Table S7;
and negative controls (RPA1, KU70—80, POLRIA,
ACAAIA) in Table S8a,b respectively, using AutoDock
Tools (ADT) (Tables S6a,b, S7, and S8a,b); calculation
of Pearson’s correlation coefficient (Table S9); visual-
ization of the binding propensity of p-glucose (Table
$10); all the ligands used for binding studies have been
shown with their respective PubChem CID’s (Table
S11); statistical analyses between binding scores (kcal/
mol) showing p-values as obtained (Table $12); glucose
binding scores of homologous proteins previously not
used for binding analyses and subsequent statistical
analyses between binding scores (kcal/mol) showing p-
values as obtained (Table S13ab); different insulin-
secreting model systems obtained from different species
used to study GSIS (Table S14); docking pipeline:
Glucose binding analyses using AutoDock Tools 4.2.6
(ADT) and subsequent visualization of the docked
conformations through Discovery Studio 2021 (DS).
The exact methodology and pipeline used has been
shown (PDF)
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Table Sla: Fold change in log 2 FPKM at HyG condition set at a threshold of +1.5 for
upregulated protein coding genes. Kif11l, Cacnb4 and Atp6v0a4 is marked in bold.

Gene_ID Gene FPKM log2(fold change)
ENSMUSG00000063506 Arhgap22 17.41
ENSMUSG00000109523 Gdfl 9.06
ENSMUSG00000038600 Atp6v0ad 5.48
ENSMUSG00000078894 2210418010Rik 5.35
ENSMUSG00000047810 Ccdc88b 5.01
ENSMUSG00000093954 Gm16867 4.97
ENSMUSG00000017412 Cacnb4 4.94
ENSMUSG00000079592 Clqtnf5 4.88
ENSMUSG00000073791 Efcab7 4.73
ENSMUSG00000038060 Dlecl 4.58
ENSMUSG00000026502 Desi2 4.43
ENSMUSG00000070806 Zmynd12 4.08
ENSMUSG00000053461 Hhipl2 3.49
ENSMUSG00000097239 Gm27029 3.40
ENSMUSG00000050944 Efcab5 3.28
ENSMUSG00000090015 Gm15446 3.28
ENSMUSG00000036168 Ccdc38 3.20
ENSMUSG00000012443 Kifll 3.05
ENSMUSG00000025330 Padi4 3.01
ENSMUSG00000027858 Tspan2 2.76
ENSMUSG00000113880 A030005L19Rik 2.76
ENSMUSG00000031519 Asb5 2.74
ENSMUSG00000078877 Gm14295 2.71
ENSMUSG00000019990 Pde7b 2.69
ENSMUSG00000041649 KIf8 2.66
ENSMUSG00000021768 Dusp13 2.66
ENSMUSG00000064036 Mro 2.61
ENSMUSG00000022102 Dok2 2.54
ENSMUSG00000026650 Meigl 2.53
ENSMUSG00000043629 1700019D03Rik 2.48
ENSMUSG00000069308 Histlh2bp 2.47
ENSMUSG00000002107 Celf2 2.47
ENSMUSG00000002664 Pspn 2.43
ENSMUSG00000027505 Fam209 2.34
ENSMUSG00000041119 Pde9a 2.21
ENSMUSG00000073792 Alg6 2.19
ENSMUSG00000027338 Prnd 2.11
ENSMUSG00000062727 H2bc12 2.11
ENSMUSG00000063728 Magea6 2.11
ENSMUSG00000113786 Gm49384 2.09
ENSMUSG00000069266 H4c2 2.06
ENSMUSG00000026872 Zeb2 2.02
ENSMUSG00000059763 Taar2 2.00
ENSMUSG00000031410 Nxf7 1.97
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ENSMUSG00000037708 Spag6 1.89
ENSMUSG00000032401 Lctl 1.88
ENSMUSG00000026500 Cox20 1.83
ENSMUSG00000027199 Gatm 1.83
ENSMUSG00000056305 Usp39 1.78
ENSMUSG00000070604 Vsigl10l 1.78
ENSMUSG00000025758 Plk4 1.75
ENSMUSG00000092232 Gm20521 1.75
ENSMUSG00000041872 117f 1.74
ENSMUSG00000032000 Birc3 1.74
ENSMUSG00000096795 Zfp433 1.73
ENSMUSG00000022330 Osr2 1.72
ENSMUSG00000100200 H2allm 1.71
ENSMUSG00000001020 S100a4 1.70
ENSMUSG00000117694 Snhg4 1.68
ENSMUSG00000095545 Zfp969 1.66
ENSMUSG00000081769 Gm12216 1.64
ENSMUSG00000110234 Gm45799 1.64
ENSMUSG00000025468 Caly 1.62
ENSMUSGO00000037995 Igsf9 1.61
ENSMUSG00000028348 Cavin4 1.60
ENSMUSG00000039911 Spsh1 1.59
ENSMUSG00000018919 Tm4sf5 1.58
ENSMUSG00000034777 Vax2 1.58
ENSMUSG00000043807 Ly6g5h 1.56
ENSMUSG00000038057 Dbil5 1.56
ENSMUSG00000030966 Trim21 1.55
ENSMUSG00000051149 Adnp 1.54
ENSMUSG00000030345 Dyrk4 1.53
ENSMUSG00000041911 DIx1 1.52
ENSMUSG00000010044 Zmynd10 1.50
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Table S1b: Fold change in log 2 FPKM at HyG condition set at a threshold of -1.5 for
downregulated protein coding genes.

gene_id gene FPKM log2(fold_change)
ENSMUSG00000078875 Gm14419 -6.20
ENSMUSG00000057969 Sema3b -4.76
ENSMUSG00000078903 Gm14391 -4.74
ENSMUSG00000031618 Nr3c2 -4.67
ENSMUSG00000028339 Coll5al -4.04
ENSMUSG00000000530 Acvrll -3.98
ENSMUSG00000078886 Gm2026 -3.96
ENSMUSG00000026637 Traf5 -3.75
ENSMUSG00000044217 Agp5 -3.64
ENSMUSG00000032596 Uba7 -3.42
ENSMUSG00000020884 Asgrl -3.24
ENSMUSG00000027500 Stmn2 -3.15
ENSMUSG00000054763 Defb4?2 -2.99
ENSMUSG00000114004 Gm48552 -2.91
ENSMUSG00000078880 Gm14308 -2.74
ENSMUSG00000089687 Rab42 -2.63
ENSMUSG00000020216 Jsrpl -2.51
ENSMUSG00000100621 Gm28374 -2.49
ENSMUSG00000069300 H2bcl1l -2.49
ENSMUSG00000025757 Hspa4l -2.36
ENSMUSG00000028581 Laptm5 -2.33
ENSMUSG00000000411 Tssk3 -2.26
ENSMUSG00000020333 Acsl6 -2.20
ENSMUSG00000060803 Gstpl -2.14
ENSMUSG00000045608 Dbx2 -2.14
ENSMUSG00000015950 Ncfl -2.14
ENSMUSG00000003436 DII3 -2.12
ENSMUSG00000030680 Pagrla -2.12
ENSMUSG00000028356 Ambp -2.04
ENSMUSG00000039529 Atp8bl -2.04
ENSMUSG00000040751 Lat2 -2.04
ENSMUSG00000001435 Coll18al -2.01
ENSMUSG00000024824 Rad9a -2.00
ENSMUSG00000021032 Ngb -1.96
ENSMUSG00000069274 H4c6 -1.95
ENSMUSG00000027901 Dennd2d -1.94
ENSMUSG00000101355 H3c10 -1.93
ENSMUSG00000020562 Efcabl10 -1.93
ENSMUSG00000078588 Ccdc24 -1.91
ENSMUSG00000044916 1700029115Rik -1.88
ENSMUSG00000028141 Oaz3 -1.87
ENSMUSG00000069267 H3c2 -1.85
ENSMUSG00000069310 H3c3 -1.85
ENSMUSG00000024302 Dtna -1.84
ENSMUSG00000049539 H1f1 -1.83




Page 6 of 76

ENSMUSG00000053907 Mat2a -1.82
ENSMUSG00000033149 Phldb2 -1.79
ENSMUSG00000058706 0610030E20Rik -1.78
ENSMUSG00000028441 1110017D15Rik -1.76
ENSMUSG00000101678 Gm29609 -1.76
ENSMUSG00000039115 Itgad -1.76
ENSMUSG00000073427 Gm4924 -1.75
ENSMUSG00000023393 Slc17a9 -1.75
ENSMUSG00000021010 Npas3 -1.71
ENSMUSG00000078994 Zfp429 -1.71
ENSMUSG00000095742 CAAA01147332.1 -1.69
ENSMUSG00000074646 6430550D23Rik -1.69
ENSMUSG00000057666 Gapdh -1.68
ENSMUSG00000044034 Npb -1.68
ENSMUSG00000069265 H3cl -1.68
ENSMUSG00000078129 Actl10 -1.67
ENSMUSG00000070425 Xntrpc -1.66
ENSMUSG00000002266 Ziml -1.65
ENSMUSG00000045114 Prrt2 -1.58
ENSMUSG00000068323 Slc4as -1.58
ENSMUSG00000068686 Cd59b -1.58
ENSMUSG00000095698 Rhox2d -1.57
ENSMUSG00000052485 Tmeml71 -1.57
ENSMUSG00000037692 Ahdcl -1.56
ENSMUSG00000027684 Mecom -1.56
ENSMUSG00000044556 Tex38 -1.56
ENSMUSG00000030790 Adm -1.55
ENSMUSG00000109398 Gm3854 -1.55
ENSMUSG00000024391 Apom -1.55
ENSMUSG00000055150 Zfp78 -1.53
ENSMUSG00000090093 Gm14399 -1.53
ENSMUSG00000001943 Vsig2 -1.53
ENSMUSG00000060798 Intu -1.52
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Table S2: Expression of 154 genes involved in glycolysis, TCA cycle, and electron transport
chain were found to be unaffected by EGC as seen by FPKM log 2 FC, corresponding
numbers are indicated in parentheses.

Gene FPKM log2 (fold_change) Gene FPKM log2
(fold_change)
Glycolysis (13) Succinate dehydrogenase
(ubiquinone) (4)
Slc2al 0.129477 Sdha -0.0212279
Slc2a2 0.478443 Sdhb -0.0226989
Gcek -0.161379 Sdhc 0.356623
Gpil 0.176844 Sdhd 0.0325765
Pfkl 0.1166 Cytochrome bcl complex
10
Aldoa 0.103135 Uqcrfsl ( )0.0368768
Tpil 0.00242379 mt-Cytb -0.124625
Gapdh -1.68012 Cycl 0.159563
Pgkl -0.0871155 Uqcrcl 0.574506
Pgaml -0.0350487 Uqgcre2 -0.00128363
Pgam2 -0.539032 Uqgcrh -0.201539
Enol 0.0340482 Ugcrb 0.00238799
Pkm -0.00276637 Uqcrq 0.066611
Pyruvate oxidation (4) Uqcrl0 -0.259201
Pdhal 0.00705198 Uqerll -0.134678
Pdhb 0.0890469 Cytochrome c oxidase (26)
Dlat 0.192814 Cox10 -0.212462
DId 0.0637844 mt-Col -0.089138
TCA (14) mt-Co2 -0.0103091
Cs 0.0617698 mt-Co3 0.0136884
Acol -0.0868456 Cox4il 0.0407586
Aco2 0.131699 Cox4i2 0
ldhl -0.0391724 Cox5a 0.0623172
Idh2 0.0544703 Cox5b -0.134964
Ogdh 0.12405 Cox6al -0.124186
Suclgl -0.040365 Cox6a2 0.499762
Suclg2 -0.557472 Cox6bl -0.131535
Sucla2 0.0137215 Cox6b2 inf
Sdha -0.0212279 Cox6c -0.081579
Fhl 0.0195753 Cox7al -0.171086
Mdhl 0.117583 Cox7a2 -0.0349981
Mdh2 0.138587 Cox7a2l -0.0494676
Pcx 0.0309434 Cox7b -0.167232
NADH:ubiquinone oxidoreductase, Cox7b2 inf
mitochondria (7)
mt-Nd1 -0.119322 Cox7c 0.00544015
mt-Nd2 -0.234566 Cox8a -0.171007
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mt-Nd3 -0.179446 Cox8b 0
mt-Nd4 -0.182511 Cox8c 0
mt-Nd4l -0.354229 Cox11 -0.410367
mt-Nd5 -0.454113 Cox15 0.335638
mt-Nd6 -0.376609 Cox17 -0.182519
NADH dehydrogenase (ubiquinone) Fe-S Cox20 1.82773

protein/flavoprotein complex, mitochondria (11)

Ndufsl -0.00268643 F-type ATPase (16)
Ndufs2 0.0247152 Atp5al -0.00506496
Ndufs3 0 Atp5b -0.207685
Ndufs4 0.040037 Atp5cl -0.0629166
Ndufs5 0.0222953 Atp5d 0.0666534
Ndufs6 -0.25042 Atp5e 0.0971921
Ndufs7 0.223296 Atp50 -0.0989142
Ndufs8 -0.0426072 mt-Atp6 0.109196
Ndufvl -0.0253616 Atp5pb 0.0448652
Ndufv2 -0.125322 Atp5g1 -0.171815
Ndufv3 -0.0714218 Atp5g2 -0.0486609
NADH dehydrogenase (ubiquinone) 1 alpha Atp5g3 0.0116383
subcomplex (14)
Ndufal 0.0602351 Atp5h -0.143714
Ndufa2 -0.0764759 Atp5k 0.110034
Ndufa3 -0.0667707 Atp5j2 -0.0615078
Ndufa4 -0.0148126 Atp5j -0.057836
Ndufab 0.0102769 mt-Atp8 -0.378299
Ndufa6 -0.0344079 V-type ATPase (23)
Ndufa7 -0.0374823 Atp6vla -0.0461184
Ndufa8 0.0970221 Atpévlbl 0
Ndufa9 -0.0191815 Atp6vlicl -0.417038
Ndufal0 -0.00970045 Atp6vlc2 0
Ndufabl -0.136161 Atpévld 0.00268642
Ndufall -0.168209 Atp6vlel 0.0496172
Ndufal2 0.0617083 Atp6vle2 inf
Ndufal3 -0.101487 Atp6v1f 0.0580141
NADH dehydrogenase (ubiquinone) 1 beta subcomplex | Atp6vlgl 0.0263107
12
Ndufb2 = -0.114007 Atpévlg?2 0.235369
Ndufb3 -0.113461 Atp6vlg3 0
Ndufb4 -0.178227 Atp6vlh -0.0944612
Ndufb5 0.0778022 Atp6vOal 0.183265
Ndufb6 0.0324454 Atp6v0a4 5.47832
Ndufb7 -0.117119 Atp6v0a2 0.0148742
Ndufb8 -0.0198604 Tcirgl -0.048394
Ndufb9 -0.0305514 Atp6vOb -0.0180279
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Ndufb10 -0.0124879 Atp6vOc 0.169128
Ndufb11 -0.0242717 Atp6v0d1 0.14327
Ndufcl 0.31083 Atp6v0d?2 0
Ndufc2 -0.0814358 Atp6vOe -0.113659
Atp6v0e2 0.121974
Atp6apl -0.0341167
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Table S3: Highest binding scores (kcal/mol) obtained for every ligand used, the corresponding conformation is indicated in parentheses
alongside highest binding scores obtained.

Tables S3a to S3o: Binding scores of the 10 docked conformations for every protein-ligand used.

Involved in glycolysis

Epimers of glucose

Other Aldohexoses

Other Ketohexoses

Mannose | CGalactose
Glucose G6P F6P F16BP Altrose Allose Gulose Idose Talose Fructose Psicose Tagatose Sorbose
© (C4)

KIF11
-4.62 (10) [ -055(3) [ -0.84(4) | +0.48(10) | -1.42(6) | -1.10(9) | -1.48(6) [ -1.81(9) | -247(7) | -187(5) | -1.36(1) | -2.14(9) | -154(4) | -183(4) | -163(7)

mouse

truncated

KIF11
. -456(9) | -3.71(10) | -3.79(2) | -1.73(7) | -449(1) | 339(3) | -436() | -471(4) | -3.61(8) | -424(6) | -3.32(7) | -3.76(9) | -3.78(2) | -3.82(5) | -3.51(1)

mouse (90-

400)

CACNB4
-4.19(6) | -1.51(9) 0.74 (9) -0.49 (8) -2.59 (8) -2.36 (6) -1.81(2) -3.33(1) -1.38 (6) -1.70 (6) -2.29 (7) -1.49 (5) -1.75(9) -2.60 (7) 172(6)

mouse

truncated

CACNB4
o0 ARG a2 asln 1 0T -3.24(2) -4.00 (9) -3.43 (7) -3.02 (6) 251 (5) | -299(10) | -3.29(1) -2.47 (6) -2.36 (7) -2.25(1) | -2.86(10)

mouse (60-

450)

ATP6V0A4
-4.09(1) | 204(8) | -1.23(1) | +001(5) [ 294(3) | -168(9) | -247(9) | -267(9) | 2049 | -216(5) | -2.60(6) | -281(9) | -197(1) | -245(7) [ -L.70(1)

mouse
GCKhuman | -7.16 (1) | -3.49(8) -2.09 (5) -0.34 (7) -3.20 (2) -3.03(5) | -3.51(10) | -4.13(1) -3.70 (1) -3.29 (1) -4.09 (8) -3.36 (4) | -3.22(10) | -3.09 (5) 3193)
GO mouse | 570 | 3639 | STLUO | =492 -3.28 (9) -3.88 (7) -3.60(5) | -2.96(10) | -4.18(7) -3.25(1) -2.90 (8) -3.35(2) -3.43 (1) -3.28 (1) -3.41 (1)

GLUT2
5.35(9) | -2.19(10) | -2.88(10) | -0.77(2) -4.00(8) | -3.63(10) | -3.89(5) -3.92 (9) -2.67 (3) -3.84 (1) -2.86 (5) -3.26 (8) -3.73 (8) -3.05 (1) -3.49 (9)

mouse




GLUT2

human

RPA1 human

KU70-80

human

POLA1

human

ACAALA

mouse

POLR1A

human

-4.64 (3,4)

-3.81 (4)

-3.75 (9)

-3.58 (4)

-2.82 (1,3)

-2.66 (7)

-2.25(2)

-1.95 (4)

-3.23 (6)

-1.41 (4)

-2.50 (7)

-1.31 (10)

-1.66 (8)

.75 (2)

-2.93 (5)

-1.26 (3)

-3.14 (3)

-1.95 (6)

-1.36 (9)

-0.74 (4)

-1.24 (10)

+0.68 (3)

-2.67 (6)

+0.41 (6)

-2.40 (1)

2,91 (4)

-4.48 (5)

-3.42 (8)

-3.91 (10)

-2.35 (8)

-4.05 (5)

-3.53 (3)

-3.85 (9)

2.23 (4)

2,93 (1)

-2.17 (5)

-3.74 (5)

-3.65 (3)

-3.78 (5)

-3.19 (10)

-3.32 (6)

-3.95 (4)

3.77(2)

-3.00 (1)

-3.31 (10)

2.62(7)

-3.48 (7)

2,47 (7)

-3.82 (10)

-2.49 (6)

-4.41 (8)

-2.00 (6)

-3.06 (3)

-2.36 (9)

-3.33 (1)

-3.60 (6)

-3.34 (2)

-2.13 (6)

-3.88(7)

-1.93 (5)

-2.25 (4)

-2.72 (9)

-3.60 (9)

252 (7)

-3.39 (6)

-1.84 (6)

-3.66 (10)

-2.47 (9)

-2.80 (9)

-2.55 (10)

-3.43(3)

-2.68 (8)

-4.03 (9)

-2.28 (4)

-4.47 (9)

-2.49 (6)

-3.62 (3)

-2.19 (5)
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-3.58 (8)

248 (2)

-3.62 (5)

2.91(9)

-3.60 (8)

-2.84 (6)

-3.14 (5)

-3.48 (10)

-3.42 (10)

2.53(2)

-2.63 (6)

2.19 (4)




Table S3a: Binding scores (kcal/mol) of 10 docked conformations using Glucose as the ligand.

KIF11 mouse

tKIF11 (90-
400) mouse
CACNB4
mouse
tCACNB4
(60-450)
mouse
ATP6VOA4
mouse

GCK human
GCK mouse

GLUT2
mouse
GLUT2
human

RPA1 human

KU70-80
human
POLA1
human

ACAA1A

mouse

POLR1A

human

-2.91

-3.51

-3.37

-3.43

-4.09

-7.16
-2.99

-4.35

-3.71

-3.81

-2.46

-1.1

-2.82

-2.66

-2.91

-3.17

-2.56

-2.48

-3.53

-3.51
-4.99

-3.22

-3.5

-3.42

-2.62

-2.2

-1.95

-2.52

-3.81

-3.15

-2.72

-4.46

-2.69

-3.4
-3.33

-5.04

-4.64

-3.28

-1.81

-1.51

-2.82

-2.31

-2.18

-3.06

-3.11

-3.66

-2.69

-3.16
-5.7

-4.18

-4.64

-3.19

-2.55

-3.58

-2.55

-2.27

-3.16

-2.94

-3.87

-2.54

-3.46

-2.9
-3.14

-5.01

-2.64

-2.67

-2.42

-1.34

-2.43

-2.05

-3.8

-3

-4.19

-4.14

-2.98

-3.38
-2.94

-3.32

-4.22

-2.57

-1.21

-2.11

-1.62

-1.9

-3.47

-2.49

-3.79

-3.92

-3.28
-2.73

-3.22

-3.83

-2.29

-1.98

-2.24

-2.75

-1.6

-2.08

-2.98

-2.78

-2.91

-3.71

-3.37
-3.14

-3.04

-3.41

-2.28

-3.16

-3.47

-2.16

-1.35
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-3.3

-4.56

-3.17

-2.71

-2.94

-2.93
-3.02

-5.35

-3.53

-2.26

-3.75

-1.51

-2.49

-1.05

-4.62

-3.53

-3.25

-3.92

-2.39

-5.29
-2.51

-5.23

-3.74

-1.84

-2.65

-2.32

-2.63

-1.04
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Table S3b: Binding scores (kcal/mol) of 10 docked conformations using G6P as the ligand.

KIF11

-0.55 -0.34 -0.33 031 0.27 018 017 0.23 0.53 0.94
mouse
tKIF11 (90-
400) mouse 371 2,04 2.82 2.83 234 1.97 1.85 1.2 12 .0.94
CACNB4 )5y -1.39 -1.23 -1.08 1.07 .0.81 -0.76 -0.62 -0.48 0.16
mouse
{CACNBA4
(60-450)  -3.26 12,96 2,64 2.37 216 1.96 1.95 1.85 1.2 1.2
mouse
ATPOVOA4 oy -1.68 1.47 1.26 .0.92 -0.92 -0.49 -0.36 -0.25 0.04
mouse
GCK human  -3.49 26 25 -2.49 237 176 1.63 157 -1.39 1.01
GCK mouse  -3.63 -2.86 2,64 227 223 177 151 15 1.47 117
GLUT?2 2,19 -2.06 2 1.87 175 174 151 1.42 -0.98 08
mouse
GhLUT2 2.25 22,02 1.01 11.83 179 173 173 16 113 -0.78
uman
RPAL human  -1.95 1.94 1.9 175 175 1.63 116 112 1.07 -1.03
KU70-80 594 -2.65 26 212 1163 16 1.45 1.37 1.35 -0.83
human
POLAL 141 11.26 115 11.03 .0.96 0.9 -0.55 -0.47 -0.46 -0.37
human
ACAALIA — , ¢ 2.23 2,46 2.35 23 2.2 11.88 1.63 131 0.78
mouse
POLRIA ;4 117 117 116 0.67 0.67 021 021 0.14 0.17

human



Table S3c: Binding scores (kcal/mol) of 10 docked conformations using F6P as the ligand.

KIF11 mouse

tKIF11 (90-
400) mouse

CACNB4
mouse
{CACNB4
(60-450)
mouse
ATP6VOA4
mouse

GCK human

GCK mouse

GLUT2
mouse
GLUT2
human

RPA1 human

KU70-80
human
POLA1
human

ACAA1A

mouse

POLR1A

human

-0.84

-3.79

-0.74

-3.59

-1.23

-2.09

-3.71

-2.88

-1.66

-1.75

-2.93

-1.26

-3.14

-1.95

-0.05

-2.91

-0.59

-3.14

-1.12

-1.76

-2.57

-2.22

-0.5

-1.2

-2.8

-0.76

-2.08

-1.4

-0.02

-2.26

-0.31

-2.77

-1.05

-1.61

-2.26

-2.25

-0.49

-0.97

-2.66

0.06

-2.15

-0.26

-1.67

-0.29

-1.42

-2.16

-1.71

-0.36

-0.85

-2.63

-0.2

-1.85

-1.13

0.27

-1.88

-0.17

-0.84

-0.05

-1.34

-1.53

-0.83

-0.24

-0.83

-1.64

-0.17

-1.8

-0.8

0.32

-1.46

0.19

-0.43

-0.02

-0.75

-1.36

-0.72

-0.06

-0.51

-1.54

0.03

-1.27

-0.25

0.56

-1.06

0.2

-0.21

0.4

-0.62

-1.18

-0.49

0.57

-0.36

-1.35

0.19

-1.25

0.04

0.64

-0.94

0.45

0.21

0.65

-0.45

-0.88

-0.3

0.81

-0.29

-1.35

0.24

-1.02

0.07
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0.81

-0.58

0.47

0.35

0.79

-0.39

-0.81

0.07

0.89

0.15

-0.47

0.39

-0.82

0.19

1.21

-0.34

0.53

0.78

1.02

0.22

0.36

0.4

0.93

0.59

-0.01

0.85

-0.56

0.24
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Table S3d: Binding scores (kcal/mol) of 10 docked conformations using F16BP as the ligand.

KIF1l mouse  0.48 1.02 1.46 1.46 1.61 1.86 2.02 213 2.86 3.97
tKIFLL (90- 4 g -1.03 0.9 0.47 0.04 0.12 0.21 0.87 1.09 1.69
400) mouse
CACNB4 4 4g 0.11 0.24 0.75 0.81 0.84 1.04 231 2.49 278
mouse
{CACNBA4
(60-450) -0.37 -0.25 -0.04 0.22 0.45 0.46 0.94 1.02 1.43 1.65
mouse
ATPEVOA4 11 1.07 1.11 1.15 1.72 1.76 2.07 221 2.32 254
mouse
GCK human  -0.34 -0.29 0.23 0.03 0.04 0.36 0.5 0.75 1.03 1.6
GCK mouse  -1.92 0.27 0.56 0.83 0.88 0.93 0.98 1.46 1.83 2.29
GLUT2 0.77 -0.06 0.11 0.31 0.82 1.19 1.48 1.75 2.06 2.14
mouse
GLUT?2 -1.36 -0.85 07 -0.25 -0.07 0.36 0.7 1.21 2.14 2.26
human
RPAL human  -0.74 0.6 -0.15 -0.03 -0.02 0.01 0.51 0.69 1.31 1.72
KU70-80 1.24 -0.63 0,62 -0.48 031 0.36 0.94 1.28 1.38 1.56
human
POLAL 0.68 0.85 1.12 1.18 1.97 1.99 2.07 2.21 2.19 2.69
human
ACAAIA o 2,02 -0.97 057 -0.42 -0.29 -0.26 0.14 0.36 0.85
mouse
POLR1A 0.41 0.59 0.75 0.8 0.99 1.21 1.55 1.76 211 217

human
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Table S3e: Binding scores (kcal/mol) of 10 docked conformations using Mannose as the ligand.

KIF11

1.42 1.26 1.5 1.5 1.06 081 0.72 071 -0.65 -0.62
mouse
tKIF11 (90-
400) mouse 449 4.27 -3.76 353 3.44 316 2.9 -2.69 2.88 2,65
CACNB4 ;59 -2.09 1.92 1.73 151 11.33 -1.09 -1.05 -0.91 0.8
mouse
{CACNBA4
(60-450) -3.24 -3.16 -2.99 12.39 2 1.95 1.81 177 1.74 1.34
mouse
ATPEVOAL ;o4 2,59 2.46 241 2.23 2.03 2.03 1.76 1.72 112
mouse
GCK human  -3.2 -3.16 311 2,93 279 243 2.3 2.26 217 213
GCK mouse  -3.28 2.73 2,57 271 261 26 255 231 22,09 -1.86
GLUT?2 4 2.78 -2.68 246 227 217 22,00 2,04 1,01 1.75
mouse
GLUT?2 2.4 -2.36 218 217 22,08 11.86 -1.86 1.46 13 -1.08
human
RPAL human  -2.91 -2.86 2,84 2.35 275 25 241 24 2.32 2,08
KU70-80 /g 4 -3.52 2.43 24 224 1.87 18 178 17
human
POLAL 3,42 2.83 -2.79 274 172 1.65 -1.56 1.56 1.36 -1.09
human
ACAAIA 51 3.4 22 1256 1252 -2.39 1.83 1.74 -1.69 1.65
mouse
POLRIA ;35 2.25 1.9 181 1.65 158 1.54 153 1.46 1.28

human
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Table S3f: Binding scores (kcal/mol) of 10 docked conformations using Galactose as the ligand.

KIFLL 11 -1.05 -0.95 0.88 -0.86 -0.79 0.71 -0.55 0.47 0.41
mouse
tKIFLL (30- 5 5 335 3.23 2,95 2.79 2.85 2.83 2.4 215 212
400) mouse
CACNBA ;36 -2.04 171 1.4 0.9 0.83 0.78 0.68 0.38 :0.26
mouse
{CACNB4
(60-450) 4 3.42 3.4 331 2.61 2,55 2,51 -2.54 2.45 2.42
mouse
ATPOVOAL 1 68 -1.58 -1.44 1.25 -1.19 113 118 112 20.98 -0.84
mouse
GCK human  -3.03 -2.94 2.72 -2.54 2.42 2.2 2.18 1,76 -1.64 -1.49
GCK mouse  -3.88 -3.23 -2.88 2.74 -2.67 2,51 2.37 2.32 217 -2.06
CLUTZ 363 1.9 -3.23 2.76 3.12 2.78 -2.58 -2.64 -2.06 -1.87
mouse
GLUT2 4.05 3.34 23 217 217 2.03 11.94 119 -1.09 -1.06
human
RPALhuman  -3.53 -3.29 3 -2.53 2.14 21 21 -1.86 1.74 1.2
KU70-80 5 g5 -3.68 -3.63 2.75 -2.66 2.43 1,74 171 -1.68 1,29
human
POLAL 223 1.9 179 1178 177 178 172 1145 11.29 11
human
ACAALA - 5 93 -2.85 -2.35 2.29 2.27 211 2.26 2.1 1,74 -1.59
mouse
POLRIA 517 -1.89 -1.96 158 153 152 -1.45 0.9 0.87 0.72

human



Table S3g: Binding scores (kcal/mol) of 10 docked conformations using Altrose as the ligand.

KIF11 mouse

tKIF11 (90-
400) mouse

CACNB4
mouse
{CACNB4
(60-450)
mouse
ATP6VOA4
mouse

GCK human

GCK mouse

GLUT2
mouse

GLUT2
human

RPA1 human

KU70-80
human

POLA1
human
ACAA1A
mouse

POLR1A
human

-1.48

-4.36

-1.81

-3.43

-2.47

-3.51

-3.6

-3.89

-3.74

-3.65

-3.78

-3.19

-3.32

-3.95

-1.37

-3.93

-1.64

-2.94

-2.44

-3.03

-3.43

-2.97

-2.61

-3.26

-3.64

-2.5

-3.31

-2.27

-1.3

-3.56

-1.64

-2.68

-2.32

-3.4

-2.81

-2.92

-2.55

-3.66

-2.12

-3.28

-1.93

-1.19

-3.43

-1.6

-3.29

-2.04

-3.03

-3.55

-2.72

-3.05

-2.87

-2.64

-2.07

-3.08

-1.88

-1.05

-3.58

-1.53

-3.29

-1.86

-2.98

-3.54

-2.68

-3

-2.51

-2.45

-1.98

-2.94

-1.8

-1.03

-3.35

-1.46

-2.82

-1.76

-2.92

-2.95

-2.38

-2.97

-2.39

-2.28

-1.94

-2.86

-1.79

-1.03

-2.92

-1.46

-2.5

-1.42

-2.82

-2.56

-2.34

-2.87

-2.29

-2.19

-1.94

-2.81

-1.77

-2.85

-1.35

-2.05

-1.35

-2.58

-2.51

-2.3

-2.49

-2.28

-2.08

-1.88

-1.63
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-0.95

-2.79

-1.18

-2.05

-1.34

-2.25

-2.35

-2.04

-2.48

-2.07

-2.07

-1.84

-2.59

-1.63

-0.69

-2.43

-1.14

-1.55

-1.29

-2.34

-2.1

-1.74

-2.36

-1.95

-2.06

-1.71

-2.28

-1.27



Table S3h: Binding scores (kcal/mol) of 10 docked conformations using Allose as the ligand.

KIF11
mouse
tKIF11 (90-
400) mouse
CACNB4
mouse
tCACNB4
(60-450)
mouse
ATP6VOA4
mouse

GCK human

GCK mouse

GLUT2
mouse
GLUT2
human

RPA1 human

KU70-80
human
POLA1
human

ACAA1A

mouse

POLR1A

human

-1.81

-4.71

-3.33

-3.02

-2.67

-4.13
-2.96

-3.92

-3.77

-3

-3.31

-2.62

-3.48

-2.47

-1.69

-3.4

-2.29

-2.66

-2.39

-2.83
-2.86

-2.98

-2.83

-2.91

-2.44

-2.49

-2.15

-1.68

-3.75

-2.12

-2.05

-2.37

-3.15
-2.65

-2.94

-3.26
-2.63

-3.28

-2.43

-3.34

-2

-1.62

-3.58

-2.05

-2.62

-2.06

-3.06
-2.58

-3.3

-2.75
-2.66

-2.64

-2.4

-2.39

-1.83

-1.51

-2.93

-2.01

-2.54

-2.03

-2.88
-2.5

-2.59

-2.3
-2.4

-2.57

-2.32

-2.16

-1.74

-1.47

-2.87

-1.97

-2.44

-2.01

-2.82
-2.45

-2.24

-1.93
-2.33

-2.29

-2.28

-2.14

-1.63

-1.24

-2.78

-1.8

-1.93

-1.84

-2.82
-2.28

-2.46

-1.91
-2.29

-2.16

-2.2

-2.13

-1.42

-1.21

-2.72

-1.5

-1.79

-1.47

-2.78
-2.23

-2.29

-1.89
-2.13

-2.15

-1.74

-1.8

-1.2
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-1.03

-2.68

-141

-1.66

-1.32

-2.52

-2.08

-1.78
-2.17

-1.93

-1.59

-1.61

-1.14

-0.88

-1.92

-1.37

-1.53

-1.2

-2.14
-1.99

-1.94

-1.56
-1.22

-0.98

-1.27

-1.26

-0.54



Table S3i: Binding scores (kcal/mol) of 10 docked conformations using Gulose as the ligand.

KIF11 mouse

tKIF11 (90-400)
mouse

CACNB4
mouse

tCACNB4 (60-
450) mouse

ATP6VOA4
mouse

GCK human
GCK mouse
GLUTZ2 mouse
GLUT2 human
RPAL human

KU70-80
human

POLA1 human

ACAALA
mouse

POLR1A human

-2.47

-3.61

-1.38

-2.51

-2.04

-3.7
-4.18
-2.67
-3.82
-2.49

-4.41

-2

-3.06

-2.36

-1.74

-3.6

-1.29

-2.39

-1.69

-3.64
-3.11
-2.65
-2.6
-2.22

-4.34

-1.85

-2.69

-1.8

-1.31

-3.28

-1.12

-2.36

-1.59

-3.34
-3.01
-2.63
-2.49
-2.32

-3.58

-1.79

-2.59

-1.58

-1.05

-3.15

-1.02

-1.92

-1.29

-2.68
-2.5
-2.28
-2.47
-2.25

-3.15

-1.74

-2.54

-1.52

-1.05

-3.02

-0.98

-1.89

-1.41

-2.66
-2.4
-2.16
-2.36
-2.15

-2.95

-1.64

-2.45

-1.51

-0.81

-2.88

-0.97

-1.59

-1.05

-2.28
-2.37
-2.42
-2.23
-2.14

-2.9

-1.59

-2.4

-1.3

-0.74

-2.36

-0.86

-1.5

-1.04

-2.25
-2.29
-2.33
-2.07
-2.14

-2.3

-1.47

-1.98

-1.25

-0.38

-2.55

-0.84

-1.49

-1.04

-2.25
-2.26
-2.27
-2.02
-1.84

-2.18

-1.36

-1.9

-1.01
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-0.28

-2.22

-0.7

-1.26

-0.84

-2.12
-1.75
-1.88
-1.97
-1.56

-1.74

-1.15

-1.57

-0.82

-0.19

-2.2

-0.43

-1.24

-0.76

-2.11
-1.69
-1.78
-1.93
-1.44

-1.59

-1.12

-1.41

-0.72
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Table S3j: Binding scores (kcal/mol) of 10 docked conformations using ldose as the ligand.

KIF11 mouse  -1.87 154 15 1.38 1.33 114 -0.86 0.76 -0.68 -0.45
KIFLL (90- 5y 379 3.43 3.26 3.24 3.14 2.75 3.34 256 232
400) mouse
CACNB4 47 1.7 -1.63 -1.53 -1.48 145 -1.37 -1.37 112 0.93
mouse
{CACNB4
(60-450)  -2.99 -2.52 -2.35 2.23 2.22 2 -1.61 157 141 -1.06
mouse
ATPEVOA4 ;16 1,75 1.9 145 1.35 11.33 -1.18 -0.96 0.3 0.92
mouse
GCK human  -3.29 -3.19 3.1 -3.01 -2.88 -2.62 -2.45 -1.96 -1.79 -1.68
GCK mouse  -3.25 317 -3.13 2.35 2.34 2.31 1.8 -1.79 -1.66 -1.65
CLUTZ 384 3.72 3.1 275 2.39 159 2.29 1.8 179 16
mouse
GLUT2 333 -2.85 254 252 -2.49 212 -1.98 -1.61 1,42 0.8
human
RPALhuman  -3.6 -3.43 -3.42 2.92 -2.66 2.37 2.14 -1.95 171 -1.36
KU70-80 334 -3.28 2.9 2.36 2.2 -1.83 1.82 172 -1.59 -1.49
human
POLAL 213 176 16 156 154 133 132 11.29 115 0.95
human
ACAAIA 388 -2.96 -2.46 2.24 2.1 -1.91 -1.81 -1.62 -1.46 -1.01
mouse
POLRIA 103 -1.82 1.82 177 471 17 161 131 1.14 057

human
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Table S3k: Binding scores (kcal/mol) of 10 docked conformations using Talose as the ligand.

KIF11 mouse  -1.36 1.27 115 0.97 0.9 0.87 -0.84 -0.61 -0.35 -0.25
tKIF11 (90-
100 mouse 332 315 3.01 3.29 2.9 272 27 231 221 1.81
CACNB4 ;99 1.75 -1.59 1.41 1.35 13 11.29 1.27 112 0.71
mouse
{CACNBA4
(60-450) -3.29 2.28 1.84 173 1.46 1.36 131 1.26 118 1
mouse
ATP6VOA4 o -1.96 1.65 1.66 -1.56 1.46 1.07 -1.04 -1.03 0.71
mouse
GCK human  -4.09 314 261 237 217 212 22,03 1.97 1.67 16
GCK mouse  -2.9 2,55 254 24 2.37 2.3 2.2 211 1.94 172
GLUT2 -2.86 2.85 2.83 .67 253 248 2.37 217 172 1.44
mouse
GLUT2 2.25 2,03 11.99 101 001 11.89 18 1.54 151 112
human
RPAL human  -2.72 254 2,03 11.93 1.85 175 1.68 1.45 1.43 1.35
KU70-80 36 28 -3.59 3.07 2.85 273 227 222 2 157
human
POLAL 2,52 211 172 166 1.34 1.33 1.24 117 1.02 0.77
human
ACAALA 449 33 238 2.35 218 218 217 2,05 2,02 11.86
mouse
POLRIA ;g4 1.78 1168 1.65 1.47 1.26 118 1.03 .0.82 -0.82

human
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Table S3I: Binding scores (kcal/mol) of 10 docked conformations using Fructose as the ligand.

KIF1l mouse  -2.14 16 1.34 -1.08 -1.01 0.92 0.81 0.79 0.77 0.61
IFLL (90- - 5 76 3.75 36 3.16 2.96 2.74 2,52 2.26 2.12 11,93
400) mouse
CACNBA 1 49 -1.24 119 -1.16 111 -1.04 -1.01 -0.98 -0.88 -0.85
mouse
tCACNBA4
(60-450)  -2.47 2.27 2.01 1.9 1.74 1.67 -1.49 145 1.4 -0.99
mouse
ATPOVOAZ 581 -2.69 175 169 159 157 131 -1.25 1.23 :0.98
mouse
GCK human  -3.36 331 2.87 2.85 -2.69 -2.64 -2.64 -2.63 -1.86 1.62
GCKmouse  -3.35 331 2.81 -3.04 -2.25 -2.68 -2.65 2.18 -2.06 145
GLUT2 -3.26 -3.13 -2.69 2.87 2,51 2.43 2.35 2.41 2.1 -1.56
mouse
GLUT2 -3.66 2.78 2.68 2.68 -2.49 2.35 2.14 1,67 143 0.87
human
RPALhuman  -2.47 242 2.15 2.14 2.13 2.11 -2.04 -1.88 .77 173
KU70-80 5 g 231 2.3 2.27 2.07 -1.78 172 147 -1.37 13
human
POLAL o5 -2.38 181 175 158 155 152 117 11 -1.03
human
ACAAIA 43 -2.68 -3.13 22,62 -2.49 -2.28 -2.42 -2.22 -1.65 -1.43
mouse
POLRIA ;68 -2.09 1.9 163 154 152 1.32 1.4 115 -1.03

human
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Table S3m: Binding scores (kcal/mol) of 10 docked conformations using Psicose as the ligand.

KIF11 mouse  -1.54 -1.35 1.27 12 113 -1.05 0.74 0.61 -0.59 0.32
tKIFLL(90- 5 7 -2.67 -3.63 -3.42 -3.14 25 -1.93 -1.91 17 -1.34
400) mouse
CACNBA 4 75 -1.59 -1.55 113 111 -0.89 -0.89 -0.78 0.72 -0.66
mouse
{CACNB4
(60-450)  -2.36 2.21 2.19 2.16 -1.52 15 1.21 118 11 0.9
mouse
ATPOVOAL 1 g7 179 1.49 1.36 114 -1.04 0.9 0.4 0.4 10.36
mouse
GCK human  -3.22 -2.83 2.75 2.44 2.21 2.17 2.07 172 152 12
GCK mouse  -3.43 27 2.27 2.16 -2.08 2.12 2 172 -1.96 -1.94
GLUT2 373 3.41 352 3.37 2.77 2.47 245 -1.83 11,92 -1.82
mouse
SHUTZ 403 -3.49 3.47 -2.65 2.34 -1.44 211 17 1.42 115
uman
RPALhuman  -2.28 2.2 1.87 2.16 2.13 -1.64 162 :0.156 1 0.75
KU70-80 4 47 2.92 2.78 -2.66 25 -2.52 -2.46 2.2 1.9 -1.84
human
POLAL -2.49 247 1.84 1,78 11,63 131 1.3 1,24 1.23 -0.88
human
ACAAIA 362 -3.04 2.87 2.02 197 -1.86 1.84 177 -1.68 1.38
mouse
POLRIA

-2.19 -1.8 -1.78 -1.61 -1.74 -1.66 -1.57 -1.44 -1.23 -1.03
human
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Table S3n: Binding scores (kcal/mol) of 10 docked conformations using Tagatose as the ligand.

KIF11

-1.83 -1.47 -1.36 -1.32 -1.06 -0.79 -0.79 -0.73 -0.73 -0.54
mouse
tKIF11 (90-
400) mouse -3.82 -3.59 -3.55 -3.51 -3.43 -3.08 -2.86 -2.65 -2.62 -2.48
CACNB4 -2.6 -1.76 -1.75 -1.71 -1.49 -1.47 -1.14 -1.14 -0.73 -0.52
mouse
tCACNB4
(60-450) -2.25 -1.8 -1.71 -1.69 -1.63 -1.42 -1.38 -1.13 -1.05 -0.91
mouse
ATP6VOA4 — , /o -2.35 1158 11.39 11.37 134 1.2 119 -0.65 -0.64
mouse
GCK human -3.09 -2.87 -2.84 -2.78 -2.65 -2.64 -2.45 -2.37 -1.84 -1.62
GCK mouse -3.28 -1.99 -3.23 -3.07 -2.86 -2.54 -2.37 -2.35 -2.07 -1.87
GLUT2 -3.05 -3 -2.85 -2.67 -2.61 -2.41 -2.18 -2.12 -1.8 -1.63
mouse
GLUT2 -3.58 -3.36 -2.59 -2.38 -2.41 -2.37 -2.13 -1.7 -1.59 -1.59
human
RPAL -2.28 -2.21 -2.08 -2.08 -2.08 -1.86 -1.75 -1.73 -1.44 -1.35
human
KU70-80 -3.62 -2.89 -2.17 -2.02 -1.81 -1.57 -1.56 -1.54 -1.47 -1.28
human
POLAL -2.91 -2.84 -2.7 -2.09 -1.97 -1.92 -1.82 -1.6 -1.34 -1.28
human
ACAALA -3.6 -3.03 -2.64 -2.45 -2.36 -2.17 -2.06 -1.59 -1.54 -1.41
mouse
POLR1A -2.84 -2.71 -2.18 -2.01 -1.81 -1.57 -1.05 -1.49 -1.34 -1.31

human



Page 26 of 76

Table S30: Binding scores (kcal/mol) of 10 docked conformations using Sorbose as the ligand.

KIFi1 -1.63 1.4 -1.39 1.35 1.27 1.21 -1.02 0.97 0.94 0.91
mouse
WIFLL(90- 55y -3.15 -2.76 2.82 279 2.72 -1.86 -1.85 -1.62 154
400) mouse
CACNBA 17 -1.57 -1.51 -1.24 117 -1.16 -1.16 20.99 0.73 -0.69
mouse
{CACNBA4
(60-450)  -2.86 -2.84 1.9 2.4 2.17 1.85 151 14 1.3 -1.08
mouse
ATPOVOAL 17 -1.69 -1.49 1.29 118 0.97 10.86 0.81 0.75 0,62
mouse
GCK human ~ -3.19 -3.16 -2.89 -2.89 -2.8 -2.43 -2.14 -2.34 -2.25 -1.91
GCK mouse  -3.41 3.41 -3.34 2.99 2.6 261 23 2.33 2.21 -2.06
CLUTZ 349 -3.18 -2.94 2.75 -2.66 261 -2.44 2.21 -2.08 -1.98
mouse
GLUT2 3.14 2.19 2.02 2.05 2.05 -1.83 171 151 -1.38 13
human
RPALhuman  -3.48 -3.35 -3.16 271 2.46 2.4 2.38 2.19 1.9 176
KUT0-80 542 -3.01 -2.64 2.37 2.32 2.19 -2.06 -1.96 -1.59 -1.27
human
POLAL - 553 -2.49 2.39 -1.93 191 1.93 1.82 179 11 11
human
ACAALA 5 63 2.34 231 2.2 2,00 2.11 1,01 1,01 -1.64 16
mouse
POLRIA = 519 -1.93 1.6 1.6 145 1.39 133 1.26 0.83 10.63

human
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Table S4: Respective Ligand-Protein co-ordinates with X, Y, Z axes dimension points, spacing and X, Y, Z axes points of centre grid box as

chosen in AutoDock Tools 4.2.6.

Supplementary tables: S4a to S40

Table S4a: KIF11 mouse and KIF11 human:

KIF11 mouse:
Ligand X dimension Y dimension Z dimension Spacing X,Y, Z centre Bi?g;%;g?)rgy
Glucose 126 126 126 0.375 -7.221,13.564, 6.179 -4.38
Glucose 126 108 126 0.442 8.656, 14.747, 12.125 -4.62
Psicose 126 126 126 1 26.884, 14.235, -12.521 -1.54
Talose 126 124 126 1 23.948, 13.202, -26.245 -1.36
Sorbose 126 126 126 1 21.581, 11.776, -21.286 -1.63
Tagatose 126 126 126 1 33.272, 8.099, -21.521 -1.83
Idose 126 126 126 1 22.617, 6.035, -25.860 -1.87
Gulose 126 126 126 1 17.198, 13.076, -11.493 -2.47
Allose 126 126 126 1 31.616, 1.592, -28.555 -1.81
Altrose 124 126 126 1 29.691, 1.840, -24.025 -1.48
Mannose 126 126 126 1 24.746, 0.592, -23.940 -1.42
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Galactose 126 126 126 0.969 0.724, 10.697, -8.212 -11

F16BP 126 126 126 1 21.202, 16.927, -3.585 0.48

F6P 126 126 126 1 (1.295, -8.445, 4.657 -0.84

G6P 126 126 126 1 15.689, 24.138, 16.608 -0.55

Fructose 126 126 126 1 -11.447, -5.277, 10.639 -2.14
KIF11 human:

Ligand X dimension Y dimension Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)

Glucose 126 126 126 0.453 -16.669, 9.277, 8.891 -4.15



Table S4b: tKIF11 mouse (90-400) and tKIF11 human (90-400):

tKIF11 mouse (90-400):
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Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre (kcal/mol)
Glucose 126 126 126 0.458 -6.478, 10.954, -2.446 -4.56
Psicose 126 126 126 0.525 -10.474, 0.188, -4.351 -3.78
Talose 126 126 126 0.536 -3.663, 9.718, -4.232 -3.32
Sorbose 126 126 126 0.578 -8.139, 6.632, -3.838 -3.51
Tagatose 126 126 126 0.558 -8.357, 10.805, -3.385 -3.82
Idose 126 126 126 0.489 -6.599, 13.274, 5.247 -4.24
Gulose 126 126 126 0.508 -9.550, 13.339, -6.399 -3.61
Allose 126 126 126 0.506 -10.702, 4.295, -5.108 -4.71
Altrose 124 126 126 0.5 -8.571, 4.853, -3.634 -4.36
Mannose 126 126 126 0.444 -8.727, 9.626, 3.748 -4.49
Galactose 126 126 126 0.497 -10.278, 6.079, -6.415 -3.39
F16BP 126 126 126 0.503 -6.389, 10.824, -4.913 -1.73
F6P 126 126 126 0.503 -6.389, 10.824, -4.913 -3.79
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G6P 126 126 126 0.506 -8.589, 12.799, -5.120 -3.71
Fructose 126 126 126 0.494 -7.708, 9.365, -4.153 -3.76
tKIF11 human (90-400):
Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.458 -6.453, 10.945, 12.546 -4.31



Table S4c: CACNB4 mouse and CACNB4 human:

CACNB4 mouse:

X dimension

Y dimension

Z dimension

Spacing

X, Y, Z centre
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Binding energy

Ligand (kcal/mol)
Glucose 126 126 126 0.458 -6.478, 10.954, -2.446 -4.56
Psicose 126 126 126 0.967 -18.802, 3.702, 5.881 -1.75
Talose 126 124 126 0.917 -19.747, 4.644, 11.593 -2.29
Sorbose 126 126 126 1 -14.118, 8.941, 7.075 -1.72
Tagatose 126 126 126 0.961 -0.570, 2.818, 6.979 -2.6
Idose 126 126 126 0.806 -13.026, 0.448, 13.501 -1.7
Gulose 126 126 126 0.969 -12.883, 16.172, 12.068 -1.38
Allose 126 126 126 0.694 -8.804, 5.342, 6.751 -3.33
Altrose 124 126 126 0.828 -15.756, 8.007, 13.585 -1.81
Mannose 126 126 126 0.939 -12.982, 2.881, 8.060 -2.59
Galactose 126 126 126 0.969 -13.138, 4.673, 10.245 -2.36
F16BP 126 126 126 0.831 -7.355, 8.981, 4.388 -0.49
F6P 126 126 126 0.836 -15.622, -6.971, 7.663 -0.74
G6P 126 126 126 0.914 -8.049, 10.418, 11.443 -1.51
Fructose 126 126 126 0.919 -11.447, -5.277, 10.639 -1.49
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CACNB4 human:

Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (kcal/mol)

Glucose 126 126 125 0.453 -16.669, 9.277, 8.891 -4.39



Table S4d: tCACNB4 mouse (60-450) and tCACNB4 human (60-450):

tCACNB4 mouse (60-450):
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Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (kcal/mol)
Glucose 126 126 126 0.514 -10.479, 3.684, 5.567 -4.46
Psicose 126 126 126 0.764 -25.522, -2.295, -6.352 -2.36
Talose 126 126 126 0.747 -20.382, -7.380, 10.016 -3.29
Sorbose 126 126 126 0.733 -24.396, -8.477, 8.438 -2.86
Tagatose 126 126 126 0.886 -30.005, 10.358, 1.644 -2.25
Idose 126 126 126 0.733 -21.758, -7.033, 6.777 -2.99
Gulose 126 126 126 0.764 -28.583, 1.575, 12.068 -2.51
Allose 126 126 126 0.661 -11.346, -0.761, 1.312 -3.02
Altrose 124 126 126 0.606 -7.190, 2.931, 4.755 -3.43
Mannose 126 126 126 0.672 -9.858, -15.365, 7.839 -3.24
Galactose 126 126 126 0.497 -6.919, -0.426, 2.416 -4
F16BP 126 126 126 0.589 -9.715, -7.227, -1.116 -0.37
F6P 126 126 126 0.669 -10.975, 10.824, 10.004 -3.59
G6P 126 126 126 0.583 -13.510, -15.078, 2.322 -3.26
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Fructose 126 126 126 0.678 -17.267, -11.222, 4.748 -2.47
tCACNB4 human (60-450):
Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.375 -10.478, 3.557, 5.593 -4.52
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Table S4e: ATP6VVOA4 mouse and ATP6VVOA4 human:
ATP6V0OA4 mouse:

Binding energy

Ligand X dimension Y dimension Z dimension Spacing X, Y, Z centre (kcal/mol)
Glucose 126 126 126 0.453 -2.936, 5.962, 0.058 -4.09
Psicose 126 126 126 1 -1.711, 3.896, 12.772 -1.97
Talose 126 124 126 1 3.692, 0.729, 12.872 -2.6
Sorbose 126 126 126 1 -8.049, 1.659, 8.085 -1.7
Tagatose 126 126 126 1 -0.570, 2.818, 6.979 -2.45
Idose 126 126 126 0.961 -8.917, -3.112, 6.777 -2.16
Gulose 126 126 126 1 -6.348, -0.682, 9.503 -2.04
Allose 126 126 126 0.956 -6.503, 3.343, 7.304 -2.67
Altrose 124 126 126 0.917 -12.061, -14.546, 9.911 -2.47
Mannose 126 126 126 0.889 -7.153, -8.523, 7.839 -2.94
Galactose 126 126 126 0.969 -13.138, 4.673, 10.245 -1.68
F16BP 126 126 126 0.831 -7.355, -0.187, 4.751 0.01
F6P 126 126 126 0.864 -10.037, -5.805, 4.135 -1.23

G6P 126 126 126 0.914 -8.049, -1.522,12.729 -2.04
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Fructose 126 126 126 0.892 -7.552, -3.218, 10.059 -2.81
ATP6VOA4 human:
Ligand X dimension Y dimension Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.453 -2.922, 5.988, 0.063 -4.22



Table S4f: GCK mouse:
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Binding energy

Ligand X dimension Y dimension Z dimension Spacing X, Y, Z centre (kcal/mol)
Glucose 126 126 126 0.375 0.572,2.701, 0.112 -5.7
Psicose 126 126 126 0.558 0.595, 3.246, -7.608 -3.43
Talose 126 126 126 0.547 1.894, 8.338, -7.877 -2.9
Sorbose 126 126 126 0.581 -0.449, 7.915, -8.430 -341
Tagatose 126 126 126 0.553 2.141, 8.880, -7.375 -3.28
Idose 126 126 126 0.538 5.704, 0.884, -7.790 -3.25
Gulose 126 126 126 0.536 0.151, 3.526, -7.818 -4.18
Allose 126 126 126 0.55 -0.589, 0.098, -8.243 -2.96
Altrose 126 126 126 0.522 1.569, -1.176, -7.784 -3.6
Mannose 126 126 126 0.583 1.885, 3.736, -8.894 -3.28
Galactose 126 126 126 0.503 -0.107, 4.905, -7.252 -3.88
F16BP 126 126 126 0.519 -2.092, 2.505, -7.203 -1.92
F6P 126 126 126 0.475 1.512, 7.579, -6.801 -3.71
G6P 126 126 126 0.5 -6.009, 4.870, -7.573 -3.63
Fructose 126 126 126 0.517 2.066, 6.526, -6.823 -3.35




Table S4g: GCK human:
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Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (kcal/mol)
Glucose 40 40 40 0.375 -0.033, 0.220, 0.946 -4
Glucose 126 126 126 0.375 27.896 2.222 71.382 -7.16
Psicose 126 126 126 0.531 2.757,0.188, -0.764 -3.22
Talose 126 126 126 0.547 1.894, 5.867, 0.097 -4.09
Sorbose 126 126 126 0.536 5.081, 7.915, 0.179 -3.19
Tagatose 126 126 126 0.553 4.144, 8.520, 0.136 -3.09
Idose 126 126 126 0.532 5.704, 3.022, 0.082 -3.29
Gulose 126 126 126 0.525 1.734, 7.246, -0.796 -3.7
Allose 126 126 126 0.517 3.388, 3.602, -1.458 -4.13
Altrose 124 126 126 0.506 7.161, -0.013, 2.532 -3.51
Mannose 126 126 126 0.544 3.908, 3.430, 0.046 -3.2
Galactose 126 126 126 0.531 4.346, -3.315, 2.431 -3.03
F16BP 126 126 126 0.567 4.332, -8.784, 3.569 -0.34
F6P 126 126 126 0.536 5.408, 12.233, -2.102 -2.09
G6P 126 126 126 0.494 3.454, -0.684, 0.844 -3.49
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Fructose 126 126 126 0.511 5.071, 5.531, 3.498 -3.36
Table S4h: GLUT2 mouse:
Ligand X dimension Y dimension Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 100 106 78 0.375 1.137,1.433, 7.218 -5.35
Psicose 126 126 126 0.558 0.595, 7.278, 10.447 -3.73
Talose 126 126 126 0.575 -3.663, 9.718, 9.308 -2.86
Sorbose 126 126 126 0.622 -1.185, 6.632, 9.558 -3.49
Tagatose 126 126 126 0.647 2.141, 8.880, 10.489 -3.05
Idose 126 126 126 0.588 -3.585, 7.298, 9.793 -3.84
Gulose 126 126 126 0.597 -1.405, 4.326, 9.395 -2.67
Allose 126 126 126 0.622 -0.589, 0.098, 7.759 -3.92
Altrose 126 126 126 0.572 1.714, 5.988, 9.040 -3.89
Mannose 126 126 126 0.606 2.552,7.793, 9.962 -4



Galactose

F16BP

F6P

G6P

Fructose

126

126

126

126

126

126

126

126

126

126

126

126

126

126

126

0.569

0.564

0.525

0.578

0.594

-0.659, 7.267, 7.827
0.520, 10.033, 13.293
1.148, -2.065, 6.038
-2.397, 4.032, 10.031

-1.405, 8.268, 10.674
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-3.63

-0.77

-2.88

-2.19

-3.26
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Table S4i : GLUT2 human:

Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (keal/mol)
Glucose 126 94 126 0.375 -1.529, 1.420, 4.403 -4.64
Psicose 126 126 126 0.664 6.406, -8.753, 8.904 -4.03
Talose 126 126 126 0.731 6.997, 8.511, 0.097 -2.25
Sorbose 126 126 126 0.764 8.443,15.719, 11.710 -3.14
Tagatose 126 126 126 0.697 6.890, 8.520, 0.136 -3.58
Idose 126 126 126 0.716 5.375, 6.219, -4.749 -3.33
Gulose 126 126 126 0.658 7.222,7.246, 7.721 -3.82
Allose 126 126 126 0.661 5.280, 5.577,4.572 -3.77
Altrose 124 126 126 0.611 6.341, -1.176, 1.739 -3.74
Mannose 126 126 126 0.628 3.474,-8.195, 1.952 -2.4
Galactose 126 126 126 0.625 -1.235, -3.483, 5.939 -4.05

F16BP 126 126 126 0.544 4.332, -8.784, 3.569 -1.36
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F6P 126 126 126 0.664 2.330, 11.737, 9.393 -1.66

G6P 126 126 126 0.583 1.379, -15.078, 2.322 -2.25

Fructose 126 126 126 0.594 11.522, 7.854, 3.843 -3.66




Table S4j: RPA1 human:
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Binding energy

Ligand X dimension Y dimension Z dimension Spacing X, Y, Z centre (keal/mol)
Glucose 126 126 126 0.639 -9.747, -5.247, -0.251 -3.81
Psicose 126 126 126 0.725 -3.499, 9.329, -4.800 -2.28
Talose 126 126 126 0.731 -1.193, 9.762, 0.097 -2.72
Sorbose 126 126 126 0.686 -10.012, 18.252, -5.728 -3.48
Tagatose 126 126 126 0.708 -4.346, 14.604, -3.834 -2.48
Idose 126 126 126 0.721 -3.919, 23.349, -3.058 -3.6
Gulose 126 126 126 0.733 -3.676, 9.897, -6.881 -2.49
Allose 126 126 126 0.667 -8.509, 22.953, -5.706 -3
Altrose 126 126 126 0.653 -7.908, -9.388, -3.458 -3.65
Mannose 126 126 126 0.644 -7.984, -6.778, -4.438 -2.91
Galactose 126 126 126 0.639 -7.456, -5.498, -1.212 -3.53
F16BP 126 126 126 0.638 -10.224, -11.705, 3.164 -0.74
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F6P 126 126 126 0.703 -6.938, 6.261, -7.578 -1.75
G6P 126 126 126 0.639 -1.436, -3.030, -4.930 -1.95

Fructose 126 126 126 0.619 -1.385, 6.859, -0.227 -2.47
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Table S4k: POLR1A human:

Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (keal/mol)
Glucose 126 126 126 0.9 -11.991, -5.247, -0.251 -2.66
Psicose 126 126 126 0.875 -14.022, 0.889, -7.767 -2.19
Talose 126 126 126 0.931 -16.869, 8.658, 1.866 -1.84
Sorbose 126 126 126 0.942 -16.806, -7.491, -0.029 -2.19
Tagatose 126 126 126 0.931 -17.455, -4.7809, -3.850 -2.84
Idose 126 126 126 0.892 -13.082, -6.149, -2.110 -1.93
Gulose 126 126 126 0.944 -13.180, -4.655, 11.681 -2.36
Allose 126 126 126 0.944 -13.180, -4.655, 11.681 -2.47
Altrose 126 126 126 0.869 -14.695, -9.388, -3.458 -3.95
Mannose 126 126 126 0.942 -14.998, -3.584, 0.033 -2.35

Galactose 126 126 126 0.917 -10.739, -8.475, -5.438 -2.17



F16BP

F6P

G6P

Fructose

126

126

126

126

126

126

126

126

126

126

126

126

0.882

0.825

0.883

0.858

-15.507, -4.037, -0.228

-11.653, -7.243, -3.112

-11.513, -2.695, -3.538

-10.027, -2.289, 2.828
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0.41

-1.95

-1.31

-2.68
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Table S41: KU70-80 human:

Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (keal/mol)
Glucose 126 126 126 0.847 13.055, -5.884, 123.367 -3.75
Psicose 126 126 126 0.814 15.380, -8.753, 116.674 -4.47
Talose 126 126 126 0.686 15.581, 8.658, 115.901 -3.6
Sorbose 126 126 126 0.792 9.969, -6.666, 113.522 -3.42
Tagatose 126 126 126 0.892 11.291, -6.058, 106.757 -3.62
Idose 126 126 126 0.866 14.363, -8.378, 111.866 -3.34
Gulose 126 126 126 0.664 15.641, 7.246, 121.288 -4.41
Allose 126 126 126 0.836 17.559, -9.406, 121.922 -3.31
Altrose 126 126 126 0.781 17.853, -6.946, 117.422 -3.78
Mannose 126 126 126 0.792 14.108, -6.138, 123.366 -4.48
Galactose 126 126 126 0.7 13.102, 2.913, 122.537 -3.85

F16BP 126 126 126 0.799 11.592, -10.819, 113.897 -1.24
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F6P 126 126 126 0.769 15.304, -7.289, 125.418 -2.93
G6P 126 126 126 0.742 13.634, -6.837, 121.946 -3.23

Fructose 126 126 126 0.781 7.984, -5.302, 118.621 -2.8




Table S4m: KU70 mouse and KU70 human; KU80 mouse and KU80 human:
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KU70 mouse:
Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.742 -19.968, 17.301, -10.987 -3.34
KU80 mouse:
Ligand X dimension Y dimension Z dimension  Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.864 -22.970, -11.432, -14.849 -2.66
KU70 human:
Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.831 -12.475, -13.679, -23.267 -2.84
KU80 human:
. o . o . Binding energy
Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre
(kcal/mol)
Glucose 126 126 126 0.892 -11.863, 6.259, -27.806 -3.16
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Table S4n: POLA1 human and POLA1 mouse:

POLA1 human:

Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (keal/mol)
Glucose 126 126 126 0.839 11.952, 10.954, -2.446 -3.58
Psicose 126 126 126 0.858 6.496, 13.357, -6.846 -2.49
Talose 126 126 126 0.842 7.475, 11.577, -7.654 -2.52
Sorbose 126 126 126 0.908 9.764, 9.162, -3.689 2.53
Tagatose 126 126 126 0.847 8.368, 14.330, -5.655 -2.91
Idose 126 126 126 0.936 13.186, 7.346, 1.021 -2.13
Gulose 126 126 126 0.908 8.899, 7.246, -4.268 -2
Allose 126 126 126 0.811 8.038, 0.981, -3.892 -2.62
Altrose 126 126 126 0.797 8.840, 12.468, -6.130 -3.19
Mannose 126 126 126 0.875 9.848, -1.034, -2.080 -3.42

Galactose 126 126 126 0.847 9.241, 6.526, -4.821 -2.23



Page 51 of 76

F16BP 126 126 126 0.908 7.462,12.116, -4.660 0.68

F6P 126 126 126 0.808 7.252,11.122,-11.035 -1.26

G6P 126 126 126 0.767 7.903, 1.753, -3.538 -1.41
Fructose 126 126 126 0.836 8.878, 7.303, -5.462 -2.55

POLAL mouse:

) ) ) ) ) ) ) ) Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre
(kcal/mol)

Glucose 126 126 126 0.919 -16.955, 3.070, -6.956 -2.65
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Table S40: ACAALA mouse and ACAALA human:

ACAA1A mouse:
Binding energy

Ligand X dimension Y dimension  Z dimension Spacing X, Y, Z centre (keal/mol)
Glucose 126 126 126 0.653 -2.398, 0.866, 1.146 -2.82
G6P 126 126 126 0.561 -10.655, -2.473, -3.320 -2.5
F6P 126 126 126 0.531 3.378, 2.037, 1.434 -3.14
F16BP 126 126 126 0.475 -4.432, -2.500, -4.660 -2.67
Mannose (C2) 126 126 126 0.608 -14.287, 1.216, -0.967 -3.91
Galactose (C4) 126 126 126 0.481 -3.786, -0.172, -4.821 -2.93
Altrose 126 126 126 0.469 -0.924, 6.018, 1.119 -3.32
Allose 126 126 126 0.636 -13.876, -3.721, 2.229 -3.48
Gulose 126 126 126 0.606 -10.939, 1.090, -0.499 -3.06
Idose 126 126 126 0.619 -15.024, 5.538, -4.867 -3.88

Talose 126 126 126 0.561 -10.655, -2.473, -3.320 -2.5
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Fructose 126 126 126 0.603 -12.376, 0.756, 1.146 -3.43
Psicose 126 126 126 0.686 -14.466, -1.225, -4.800 -3.62
Tagatose 126 126 126 0.664 -14.350, -5.671, -9.467 -3.6
Sorbose 126 126 126 0.619 -14.792, 8.132, -6.581 -2.63
ACAA1A human:
Ligand X dimension Y dimension  Z dimension Spacing X,Y, Z centre Binding energy
(kcal/mol)
Glucose 126 126 126 0.543 -9.696, 8.947, -14.639 -4.05



Table S5: Binding scores (kcal/mol) of 10 docked conformations of the homologous proteins using Glucose as the ligand.

KIF11
human

tKIF11
human

CACNB4
human

tCACNB4
human

ATP6VOA4
human

KU70 human
KU80 human
KU70 mouse
KU80 mouse

RPA1 mouse

POLA1
human
ACAA1A
human
POLR1A
mouse

-4.15

-4.31

-4.39

-4.52

-4.22

-2.84
-3.16
-3.34
-2.66
-3.13

-2.65

-4.05

-2.28

-3.39

-4.21

-4.25

-2.86

-3.43

-2.57
-2.28
-2.69
-2.46
-2.7

-2.18

-3.37

-2.18

-4.07

-3.24

-4.47

-4.07

-2.5
-1.98
-2.54
-2.44
-3.03

-2.45

-3.34

-1.96

-3.59

-3.01

-3.45

-3.78

-3.85

-2.3
-1.95
-2.53
-2.31
-2.39

-2.14

-3.34

-1.92

-3.09

-2.99

-3.39

-3.15

-2.98

-2.09
-1.82
-2.49
-2.15
-2.32

-2.02

-3.23

-1.6

-3.61

-2.69

-3.25

-3.65

-3.58
-1.89
-1.59
-2.32
-2.06
-2.3

-1.81

-1.51

-3.2

-2.52

-3.17

-3.15

-2.51

-1.88
-1.26
-2.18
-1.77
-2.1

-1.63

-3.02

-1.34

-3.16

-2.65

-2.86

-3.02

-3.51

-1.75
-1.2
-1.96
-1.69
-2.1

-1.13

-2.24

-1.02
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-2.78

-2.59

-2.61

-2.93

-3.14

-1.53
-1.18
-1.87
-1.57
-2.02

-1.03

-2.2

-0.9

-2.29

-2.23

-2.02

-2.33

-3.28

-1.48
-1.11
-1.76
-1.53
-1.79

-0.77

-1.69

-0.9
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Table S6a: Respective conformations, number of interactions and glucose binding scores (kcal/mol) obtained for the test molecules (KIF11,
CACNB4, ATP6V0A4) using AutoDock Tools (ADT).

KIF11 mouse CACNB4 mouse ATP6VOA4 mouse
Binding Binding Binding
No. of energy No. of energy No. of energy
Conformation interactions  (kcal/mol) | Conformation interactions  (kcal/mol) | Conformation interactions (kcal/mol)

1 10 -2.91 1 7 -3.37 1 9 -4.09
2 7 -2.91 2 7 -2.56 2 8 -3.53
3 14 -3.81 3 5 -2.72 3 11 -2.69
4 5 -2.18 4 7 -3.11 4 7 -2.69
5 6 -3.16 5 11 -3.87 5 10 -3.46
6 12 -3.8 6 12 -4.19 6 11 -2.98
7 7 -3.47 7 9 -3.79 7 12 -3.92
8 7 -2.08 8 6 -2.78 8 8 371
9 7 -3.3 9 9 -3.17 9 8 -2.94
10 12 -4.62 10 7 -3.25 10 4 -2.39

Table S6b: Respective conformations, number of interactions and glucose binding scores (kcal/mol) obtained for the test molecules (truncated
KIF11 and truncated CACNB4) using AutoDock Tools (ADT).

Truncated KIF11 mouse

Truncated CACNB4 mouse

Conformation

No. of interactions

Binding energy
(kcal/mol)

Conformation

Binding energy

No. of interactions (kcal/mol)
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10

13

10

13

10

11

11

-3.51

-3.17

-3.15

-3.06

-2.94

-2.49

-2.98

-4.56

-3.53

10

11

12

11

14

10

11

10

12

10

-3.43

-2.48

-4.46

-3.66

-2.54

-4.14

-291

-2.71

-3.92

Table S7: Respective conformations, number of interactions and glucose binding scores (kcal/mol) obtained for the positive controls (human and

mouse GCK; human and mouse GLUT2, respectively) using AutoDock Tools (ADT).

GCK human GCK mouse
Binding Binding
energy energy
Conformation No. of interactions (kcal/mol) Conformation No. of interactions (kcal/mol)

1 16 -7.16 1 11 -2.99

2 5 -3.51 2 16 -4.99

3 12 -3.4 3 9 -3.33

4 10 -3.16 4 16 5.7

5 7 -2.9 5 7 -3.14

6 9 -3.38 6 7 -2.94




7 9 -3.28 7 10 -2.73
8 13 -3.37 8 7 -3.14
9 11 -2.93 9 8 -3.02
10 15 -5.29 10 5 -2.51
GLUT2 mouse GLUT2 human
Binding Binding
energy energy
Conformation No. of interactions (kcal/mol) Conformation No. of interactions (kcal/mol)

1 11 -4.35 1 13 -3.71
2 11 -3.22 2 10 -35
3 16 -5.04 3 9 -4.64
4 11 -4.18 4 9 -4.64
5 16 -5.01 5 8 -2.64
6 11 -3.32 6 13 -4.22
7 8 -3.22 7 9 -3.83
8 7 -3.04 8 15 -3.41
9 16 -5.35 9 11 -3.53
10 16 -5.23 10 10 -3.74
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Table S8a: Respective conformations, number of interactions and glucose binding scores (kcal/mol) obtained for the negative controls (RPA1,
KU70-80, POLR1A, ACAAL1A) using ADT, as tabulated below:

RPA1 human KU70-80 human

Binding Binding

Conformation No. of interactions energy Conformation No. of interactions energy
1 10 -3.28 1 10 -2.46
2 8 -2.67 2 8 -2.62
3 7 -2.29 3 4 -1.81
4 11 -3.81 4 7 -2.55
5 6 -1.84 5 10 -2.42
6 10 -2.28 6 7 -1.21
7 6 -2.57 7 12 -1.98
8 9 -2.26 8 14 -3.16
9 10 -3.19 9 14 -3.75
10 10 -3.42 10 9 -2.65

POLR1A human ACAALA mouse

Binding Binding

Conformation No. of interactions energy Conformation No. of interactions energy
1 8 -2.05 1 7 -2.82
2 6 -1.05 2 6 -1.95
3 8 -1.9 3 8 -2.82
4 11 -2.52 4 7 -2.55
5 5 -2.31 5 7 -2.43




10

-1.6

-2.66

-2.27

-1.35

10

-2.75

-2.16

-2.49

-2.63
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Table S8b: Respective conformations, number of interactions and glucose binding scores (kcal/mol) obtained for the negative control POLA1

using ADT, as tabulated below:

POLA1L human

Binding

Conformation No. of interactions energy
1 4 -1.1
2 9 22
3 8 -1.51
4 13 -3.58
5 8 -1.34
6 7 -2.11
7 10 -2.24
8 9 -3.47
9 5 -1.51
10 10 -2.32
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Table S9: Calculation of Pearson’s correlation co-efficient - The binding energies (kcal/mol) and the number of interactions for the respective
conformations within a single protein was noted. This was done for every other protein molecule used. Pearson’s correlation coefficient (r) was
calculated between the obtained binding energies (kcal/mol) and the number of interactions for the respective conformations within a single

protein, and for every other protein molecule used.

Protein Correlation co-efficient
KIF11 mouse -0.719295178
CACNB4 mouse -0.876733384
ATP6VOA4 mouse -0.451581861
Truncated KIF11 mouse -0.56571539
Truncated CACNB4 mouse -0.270182629
GCK mouse -0.888238606
GCK human -0.707709324
GLUT2 mouse -0.921812214
GLUT2 human 0.042588125
RPA1 human -0.730916906
KU70-80 human -0.684584588
POLA1 human -0.776573019
POLR1A human -0.684089168
ACAALA mouse 0.334563411
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Table S10: Visualisation of the binding propensity of D-glucose: The highest binding energy scores corresponding to the respective

conformation of the protein molecule along with the orientation or the binding propensity of the docked ligand are shown.

. Conformation with the highest Binding propensity of Binding energy
Protein Structure o .
binding energy ligand (kcal/mol)
KIF11 mouse 10 -4.62
Truncated KIF11 0
mouse 9 -4.56
(90-400)
CACNB4 mouse _ pfég,?;; o 6 -4.19
//
Truncated CACNB4
mouse 3 -4.46
(60-450)
ATP6VOA4 mouse 1 -4.09
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-5.70

-7.16

-5.35

-4.64

-3.81

-3.75

3,4

GCK mouse

GCK human

GLUT2 mouse

GLUT2 human

RPAL human

KU70-80 human




POLA1 human

ACAA1LA mouse

POLR1A human

13

-3.58

-2.82

-2.66
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Table S11: All the ligands used for binding studies have been tabulated below with their respective PubChem CID’s:

Ligand PubChem CID (https://pubchem.ncbi.nlm.nih.gov/)
D-Glucose 5793
D-G6P 5958
D-F6P 440641
D-F16BP 172313
D-Mannose 18950
D-Galactose 6036
D-Altrose 441032
D-Allose 439507
D-Gulose 441033
D-ldose 441034
D-Talose 441035
D-Fructose 2723872
D-Psicose 441036
D-Tagatose 439312
L-Sorbose 439192
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Table S12: The highest binding scores (kcal/mol) obtained with the test proteins using glucose as the ligand were statistically compared with the

highest binding scores (kcal/mol) obtained with the test proteins for every other ligand apart from glucose, using two-tailed Student’s t-test

assuming equal variances. The p-values thus obtained are tabulated below:

Comparison of glucose binding scores
(kcal/mol) of test proteins VS

Ligand Equal var
P(T<=t) two-tail

G6P 0.00595901
F6P 0.009226493
F16BP 6.57195E-06
Mannose 0.021289143
Galactose 0.008635834
Altrose 0.014700714
Allose 0.030293155
Gulose 0.000788729
Idose 0.005714733
Talose 0.001341974
Fructose 0.001461657
Psicose 0.000924343
Tagatose 0.000891943
Sorbose 0.000727152
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Table S13a: Homologous proteins belonging to the same protein sets (test proteins, positive controls, and negative controls, respectively) were
chosen that were previously not used for glucose binding studies, and then binding studies were done specifically using glucose as the ligand for

comparison. The glucose binding scores as obtained are tabulated below:

Protein Glucose binding score (kcal/mol)
Intact KIF11 human -4.15
tKIF11 human (90-400) -4.31
Intact CACNB4 human -4.39
tCACNB4 human (60-450) -4.52
ATP6VO0A4 human -4.22
KU70 mouse -3.34
KU70 human -2.84
KUB0 mouse -2.66
KUB80 human -3.16
POLA1 mouse -2.65
ACAALA human -4.05
RPA1 mouse -3.13
POLR1A mouse -2.28
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Table S13b: Statistical analyses of glucose binding scores (kcal/mol) between homologous proteins of the same sets. The binding scores of the
test proteins of a particular species were statistically compared with the binding scores of positive controls, negative controls, and in between
positive and negative controls respectively, of the same species. This was repeated for the other species too. Then, similar proteins from two
different species but belonging to the same set were statistically compared too. The statistical analyses were done through two-tailed Student’s t-

test assuming equal variances. The p-values thus obtained are tabulated below:

Protein type Comparison of protein sets Equal var

P(T<=t) two-tail

Test protein — Positive control 0.066212

Human
Test protein — Negative control 0.00397
Positive control — Negative control 0.007268
Test protein — Positive control 0.002171

Mouse
Test protein — Negative control 2.06E-05

Positive control — Negative control 9.02E-05




Human vs Mouse

Test human — Test mouse

Positive human — Positive mouse

Negative human — Negative mouse

Positive human — Negative mouse

Positive mouse — Negative human

Test human — Positive mouse

Test mouse - Positive human

Test human — Negative mouse

Test mouse — Negative human

0.604868

0.795939

0.042298

0.003338

0.001098

0.000377

0.079092

0.000015

0.003227
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Table S14: Different insulin secreting model systems obtained from different species used to study GSIS:

Page 69 of 76

S. Cells Doubling Passage Source and Methods Stimulus behind insulin Extent of Insulin Type of GSIS response Role of glucose References
No. time No. Species secretion secretion or total Insulin behind GSIS
Insulin content Assay (extracellular
or intracellular)
1. HIT ~34h 37 Hamster SV40 T-antigen Stimulation with media 2.4 mU/106 cells/h Low GSIS response as Extracellular 44
insulinoma transfected containing 7.5 mM glucose RIA compared to hamster islet
hamster for1 hat37°C monolayer cultures. A 2-fold
pancreatic islet increase in insulin secretion
cells was observed at 7.5 mM
glucose as compared with
1.25 mM glucose stimulus
2. Hamster - - Syrian As per islet Stimulation with media 110.4 mU/10¢ RIA A 6.8-fold increase in insulin Extracellular 44
islets hamster isolation containing 7.5 mM glucose cells/h secretion was observed at 7.5
protocol for 1 hat 37°C mM glucose stimulus as
compared with 1.25 mM
glucose stimulus
3. Rat islets - - Rat As per islet Stimulation with Krebs- 281 pglislet/min RIA A 2.1-fold increase in GSIS Extracellular 63
isolation Henseleit bicarbonate was observed at 20 mM
protocol media containing 20 mM glucose as compared to 5.5
glucose for 2 hr at 37 °C mM glucose stimulus
4. Mouse - - Mouse As per islet Stimulation with Krebs- 203 pg/islet/min RIA A 4.8-fold increase in GSIS Extracellular 63
islets isolation Henseleit bicarbonate was observed at 20 mM
protocol media containing 20 mM glucose as compared to 5.5
glucose for 2 hr at 37 °C mM glucose stimulus
5. Mouse - - FVB and As per islet Stimulation with media Insulin secreted was RIA Mouse islets secreted more Extracellular 64
islets C57BL/6J isolation containing 16.7 mM calculated in terms insulin at 16.7 mM glucose
mice protocol glucose for 1 h at 37°C of (ng/100 IEQ’s/ alone and with 3-isobutyl-1-

min); (ng/islet/24h),
and AUC as (ng/100
IEQ’s)

methylxanthine. A 30-fold
increase in GSIS was
observed at 16.7 mM
glucose as compared with
basal stimulus of 5.6 mM
glucose
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64

microinjected in

the secretion at 5 mM

6. Human - - Male and As per islet Stimulation with media Insulin secreted was RIA Human islets secreted more Extracellular
islets female isolation containing 16.7 mM calculated in terms insulin than mouse islets at
human protocol glucose for 1 h at 37°C of (ng/100 IEQ’s/ 5.6 mM glucose but secreted
cadavers min); (ngfislet/24h), lesser insulin at 16.7 mM
and AUC as (ng/100 glucose alone and with 3-
IEQ’s) isobutyl-1-methylxanthine.
A 3-fold increase in GSIS
was observed at 16.7 mM
glucose and a 5-fold increase
in GSIS with 16.7 mM
glucose and IBMX, as
compared with basal
stimulus of 5.6 mM glucose
7. INS-1 ~100 h 45 Rat Induced by X- Stimulation with KRBH 8 ug/10¢é cells The insulin content was 20% Extracellular 45
insulinoma ray radiation containing 20 mM glucose RIA of the native p-cell content,
for 30 min at 37 °C only 2 to 4-fold increase in
insulin secretion was seen as
opposed to 15-fold increase
with freshly isolated primary
islets
8. INS1 81.81h 66 Rat Parental INS-1 Stimulation with HBSS 800 ng/mg RIA The insulin content was 1.5 Extracellular 46
832/13 insulinoma cells were containing 15 mM glucose protein/hr ug/1068 cells, a 10-fold
cells transfected with | for 2 hr at 37 °C increase in insulin secretion
the plasmid at 15 mM glucose was
pCMVS/INS/IR observed as compared with 3
ES/Neo mM glucose stimulus
containing
human insulin
cDNA
9. INS-1E 166 h 27-142 Isolation of Cloning of well Stimulation with KRBH 3.46 pg insulin/108 RIA The average insulin content Extracellular 47
clonal INS- differentiated containing 20 mM glucose cells at passage 64 was 2.3 1g/1068 cells, which
1E cells from INS-1 cells for 30 min at 37 °C is 10% of the content of
parental rat native rat g-cells. Also, a 15
INS-1 cells mM-20 mM glucose
stimulation resulted ina 6.2-
fold change in secreted
insulin
10. MING ~48h 15 Mouse Human insulin Stimulation with 25 mM 275 mU/108 GSIS comparable to that of Extracellular %
insulinoma promoter glucose for 12 hat 37 °C cells/24h or 11.45 RIA mouse islet cells, a 9.8-fold
connected to the mU/108 cells/h increase in insulin secretion
SV40 was was observed as compared to
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the pronuclei of
fertilized eggs of
C57BL/6 mice

glucose stimulus

11 fTC-1 ~58h 50 Mouse SV40 T-antigen Stimulation with KRBH 43.7 mU/10¢ Not responsive to glucose Extracellular 52
insulinoma transgenic mouse | containing 5.6 mM glucose cells/24h or 1.8 RIA stimulation beyond 5.6 mM.
for12 hat37°C mU/106 cells/h The insulin content was 4
muU/106 cells
12. BTC-6 - 36 Mouse SV40 T-antigen Stimulation with media 50 pmol/mg protein RIA Secrete 11 times and 4 times Extracellular 53
insulinoma transgenic mouse | containing 5.6 mM glucose or 5280 pmole/L more insulin at basal and 5.6
for2 hat37°C mM glucose stimulus
respectively, as compared to
HIT-T15 cells
13. NIT-1 ~49h 16 Mouse Transgenic Stimulation with media Insulin content: 638 At passage 11 and 16, NIT-1 Extracellular 54
insulinoma NOD/Lt mouse containing 16.5 mM ng/108 cells RIA cells showed glucose
glucose for 70 minutes at Insulin secreted: 103 responsiveness to both 11-
37°C ng/10% cells/h or and 16.5-mM glucose
2.94 mU/105 cells/h stimulus respectively, but it
was diminished at passage
19
14, BRIN- ~20h 12-25 Rat Electrofusion Stimulation with media 320 ng/1068 cells/24h Exhibits GSIS in the Extracellular 48
BD11 pancreatic containing 11.1- and 33.3- or 0.38 mU/108 RIA physiological range. An
islet cells mM glucose for 24 h at 37 cells/h increase of 1.8- and 2-fold
and °C insulin secretion was
insulinoma observed at 11.1- and 33.3-
mM glucose stimulus
respectively, as compared to
1.4 mM glucose stimulus
15. RINr ~52h 20 Rat Induced by Stimulation with culture Maximum at 100 Extracellular 49
insulinoma radiation media containing 16.5 mM JUU/106 cells/24h or RIA Not determined
glucose at 37 °C 0.41*102 mU/hr
16. RINm ~72h 6 Rat Induced by Stimulation with media 200 pU/108 Extracellular 49
insulinoma radiation containing 16.5 mM cells/24h or RIA Not determined
glucose at 37 °C 0.83*102 mU/hr
17. | RINmS5F ~48h -- Rat Induced by Stimulation with KRBH Insulin content: 191 No change in insulin Extracellular 50
insulinoma radiation containing 16.7 mM ng/108 cells, RIA secretion throughout 2.8 —

glucose for 0.5-1 hat 37 °C

Insulin secreted:
10.6 ng/108 cells/h
or
0.29 mU/10¢ cells/h

33.4 mM glucose
concentrations
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18. | EndoC- ~120h 25-40 Human Transduction of Stimulation with KRBH Insulin content: 0.46 Response within Extracellular 5758
BH1 foetal foetal pancreas containing 20 mM glucose Hg/108 cells ELISA physiological range, showing
pancreas with SV40LT forlhat37°C a 3.23-fold change increase
under the control Insulin secretion: in insulin secretion
of insulin 5.96 ng/10°¢ cells/h
promoter and at 0.5 mM glucose
grafted into and 19.29 ng/108
SCID mice with cells/h at 20 mM
vector glucose
expressing
hTERT
19. | CRI-G1 - - Rat Radiation Stimulation with media Insulin content: 1-90 No change in insulin Extracellular 51
insulinoma induced containing 16.7 mM pmol/1068 cells RIA secretion throughout 2.8 mM
glucose for 1 h at 37 °C Insulin release: 6- to 16.7 mM glucose
250 pmol/10© concentrations
cells/24h
20. Blox5 - - Human SV40 T-antigen, Stimulation with media Insulin content: 6-21 Responsive within a range of Extracellular 59
foetal H-rasva1?, containing 22 mM glucose pmol/ug DNA/hr RIA and 0-22 mM glucose
pancreas hTERT for1 hat37°C ELISA concentration, but with low
oncogene insulin content
21.| 1gSV195 18h -- Mouse SV40 T-antigen Stimulation with media 993 pM/4*10° cells Not responsive within a Extracellular 55
insulinoma transgenic mouse | containing 25 mM glucose RIA range of 0-25 mM glucose
along with dialyzed FBS concentration unless treated
for1 hat 37°C with dialyzed FBS or a
combination of 3-isobutyl-1-
methylxanthine and
glutamine
22, BHC9 - - Mouse SV40 T-antigen Stimulation with Hanks- 20-21 mU/108 cells Responds to glucose Extracellular 56
hyperplastic | transgenic mouse BSA solution containing RIA stimulation within a range of
islets 15 mM glucose for 2 h at 0-25 mM, unlike the other
37°C clones. A 40-fold increase in
insulin secretion was
observed at 25 mM glucose
stimulus as compared to 0.1
mM glucose stimulus
23. CM -- - Human Ascitic fluid of Stimulation with KRBH Negligible Not responsive within a Extracellular 60
Insulinoma liver metastasis containing 22 mM of RIA range of 0-22 mM glucose

of malignant
insulinoma

glucose for 4 hat 37 °C

concentration
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24.| TRM-1 36 h -- Human SV40 T-antigen, | Stimulation with 20 mM of Low levels of Not responsive to glucose Extracellular 61
foetal H-rasvait? glucose at 37 °C insulin RIA stimulation
pancreas
25. | NAKT-15 - - Human SV40 T-antigen Stimulation with media Insulin content: 4.83 Dose dependent response to Extracellular 62
pancreatic B- and hTERT containing 25 mM of ng/g protein ELISA glucose was seen, a 7.9-fold
cells cDNA transgenic glucose for 1 hat 37 °C Insulin secretion: and RIA increase in insulin secretion
mouse with 37.8 ng/mg protein at 25 mM glucose stimulus
Cre-LoxP based at 5.6 mM glucose was observed as compared to
reversible t0 298.6 ng/mg 5.6 mM glucose stimulus
immortalization protein at 25 mM
glucose
Other cells engineered to produce Insulin
26. | Intestinal - - C57BL/6 Incubation of Stimulation with media Insulin content: GLP-1 (1-37) along with 25 Extracellular 42
epithelial foetal mice intestinal containing 25 mM glucose | 88.9 ng/well or 2.54 ELISA mM glucose resulted in
cells epithelial cells for 2 h at 37 °C for 8 days mU/106 cells enhanced insulin secretion as
with GLP-1 (1- compared to either of them
37)at 10
nmol/litre for 8
days
27. Caco-2 62 h -- Human Escherichia coli 16 h incubation with cell- Insulin secretion: 22.2 mM glucose along with Extracellular 43
epithelial epithelial Nissle strain free media from overnight a) GLP-1 with ELISA GLP-1 resulted in a 2-fold
cells colorectal expressing either cultures of engineered glucose: 1 ng/mL enhanced insulin secretion as
adenocarcino | PDX-1 or GLP-1 Nissle strains followed by b) PDX-1 with compared to 22.2 mM.
ma 0.4% or 22.2-mM glucose glucose: 0.5 ng/mL glucose with PDX-1.

stimulation for 2 h

¢) GLP-1 and PDX-
1 with glucose: 0.5
ng/ml
d) Synthesised GLP-
1 (1-37) with
glucose: 0.8 ng/mL

Combining both along with
22.2 mM glucose didn’t alter
the level of secreted insulin
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Docking pipeline:

Glucose binding analyses using AutoDock Tools 4.2.6 (ADT) and subsequent visualization of

the docked conformations through Discovery Studio 2021 (DS): The exact methodology and

pipeline used in ADT and DS has been mentioned below.

a. Initializing the protein molecule:

S T A

File mmmp Read Molecule mmmp Open the protein structure in .pdb format.
Delete water molecules: Edit mmmp Delete water.

Add hydrogens: Edit mmsp Hydrogens mmsp Add s Polar only.
Merge non-polar hydrogens: Edit sssp Hydrogens smsp Merge Non-polar.
Add charges: Edit mmsp Charges mmp Add Kollman charges.

Assign atoms: Edit mmsp Atoms mmmp Assign AD4 type.

b. Initializing the ligand:

1.

The 3D conformer of the ligand (D-glucose) was downloaded from the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/), CID — 5793, in ‘.sdf’ file format.

Using Open Babel GUI (, the file format of the ligand was converted from ‘.sdf’
(input format to ‘.pdb’ (output format), for further processing in AutoDock Tools
4.2.6.

Ligand s Input memp Open (ligand filename in ‘.pdb’ format)

A display box will appear showing ligand setup, the addition of Gasteiger charges,
number of non-polar hydrogens merged, number of rotatable bonds detected, and
number of torsional degrees of freedom detected (TORSDOF).

Detect the central atom in ligand: Ligand sssp Torsion treec mmmp Detect Root.
Detect the number of active bonds: Ligand mmsp Torsion trec wmmp Choose
Torsion

mmm) Number of rotatable bonds mmsp Done.

Save the ligand file in .pdbqt format: Ligand mssp Output mesp Save as .pdbaqt file.
Since the ligand (D-glucose) for all the binding analyses was same, this
‘glucose.pdbqt’ file was directly used as the input file in Step 3 for subsequent
glucose docking analyses, instead of manual initialization of ‘ligand.pdb’ file as

stated above.

c. Preparation of the protein macromolecule and ligand:

1.

Select the macromolecule: Grid mmmp Macromolecule mmmp Choose mmmp Select
molecule mmmp A display box will appear showing ‘initializing protein.pdb:
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contains no non-bonded atoms’ mmmp Ok =P Type and save the filename in .pdbqt
format. The colour of the macromolecule will change.
2. Select the ligand: Grid mmmp Set map types mmmp Choose Ligand mmmp Select
molecule mmmp Select ligand.
d. Setting up grid box parameters:
1. Grid =y Grid box. The grid parameters chosen for all the protein molecules
have been tabulated in Supplementary tables S6a to S60.
2. Save the Grid box parameters: File mmmp Close saving current.
e. Preparing the AutoGrid parameter file:
1. Grid mmsp Output mmmp Save GPF mmmp Type the filename and save as “.gpf’
format.
f. Running the AutoGrid:
1. Run mmsp Run AutoGrid mmmp Program pathname file: C:/Docking/autogrid4.exe
2. Parameter filename ) Select and open the ‘protein.gpf’ filename
(C:/Docking/protein.gpf)
3. Log filename s A new grid log file (C:/Docking/protein.glg) will be created.
mmm) | aunch.
g. Preparing the AutoDock parameter file:
1. Select the gridmap file: Docking mssp Macromolecule mmmp Set rigid filename
mm) Sclect the ‘protein.pdbgt” macromolecule file.
2. Select the ligand: Docking mmsp Ligand mmmp Choose mmmp Select molecule
mmm) Select ligand.
3. Search Parameters: Docking mmmp Search parameters mmmp Genetic Algorithm s
Accept.
4. Docking parameters: Docking mmsp Docking parameters mmmp Accept.
5. Output file: Docking =y Output mmmp Lamarckian GA mmmp Save the docking
parameter output file as ‘protein.dpf” format.
h.  Running the AutoDock:
1. Run - Run AutoDock ) Program pathname file:
C:/Docking/autodock4.exe
2. Parameter filename - Select and open the ‘protein.dpf’ filename
(C:/Docking/protein.dpf)
3. Log filename == A new docking log file (C:/Docking/protein.dlg) will be
created. mmmp [aunch.
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i. Docking result analysis from docking parameter log file:
1. Using AutoDockTools:

a.

Analyze mmmp Dockings mmmp Open mmmp Select the ‘protein.dlg’ file (docking
parameter log file).

A display box will appear showing the number of docked conformations from
‘protein.dlg’ file .

Analyze wmmp Macromolecule wmmp  Open. The protein structure gets
displayed.

Analyze mmmp Conformations - Play mmmp Select the ‘&’ menu.

Click on ‘Show info’ and ‘Build H-bonds’ mmmp Among others, note the
binding energy for each conformation.

Click on ‘Write complex’ to save the respective conformation of the protein-
ligand complex as a ‘.pdbqt’ file.

Repeat steps E and F for 10 ligand conformations computed for a single
protein.

2. Using Discovery Studio Visualiser 2021:

a.

Select the respective conformation of the protein-ligand complex: Discovery
Studio mmmp File mmmp Open mmmp ‘All files’ mmmp Select the protein-ligand
complex in ‘.pdbqt’ file format that was previously saved in AutoDock.
Change the display style: Scripts =sssp\/isualisation sssp Publication quality.
Display style mmsp 2" option.

Save the protein-ligand complex with the chosen display settings as a ‘.dsv’
file (Discovery studio file).

Save the protein-ligand complex with the chosen display settings as a ‘.png’
file (Image file).

Viewing the number of interactions: Show receptor-ligand interactions on a
2D diagram mmmp Show 2D diagram.

Save the 2D diagram as a “.png’ file (Image file).

Deselect the ‘Protein groups’ and save the propensity of the docked ligand as a
‘.png’ file (Image file).

Steps A to G were performed for each conformation of the protein-ligand
complex for a particular protein, and subsequently for every other protein

molecule used.
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