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Validation of the method for studies of glucokinase activators by the spectrophotometric meth-
od in an in vitro test system is carried out. The advantage of NAD coenzyme vs. thio-NAD 
is proven. Manifest activation of glucokinase by MBX-2982 compound (GPR119 agonist) in 
a wide range of concentrations is demonstrated experimentally.
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Despite a great choice of oral hypoglycemic drugs, 
creation of new effective and safe drugs for the treat-
ment of patients with type 2 diabetes mellitus (DM2) 
remains a pressing problem. One of the promising 
targets for the creation of new antidiabetic drugs is 
glucokinase (GK), or type 4 hexokinase catalyzing 
stage 1 of glucose catabolism, formation of glucose-
6-phosphate [4]. GK is extremely important for glu-
cose homeostasis acting as a glucose “sensor” in pan-
creatic β cells and controlling the rate of glycogen 
synthesis in the liver [8]. Activators of GK are a new 
class of prospective antidiabetic drugs with a reliable 
hypoglycemic effect due to increase of GK activity in 
the liver and pancreas [7].

Compound MBX-2982 (Sanofi) is a potential an-
tidiabetic drug that demonstrated good results in phase 
2 clinical trials. It is a GPR119 receptor agonist (this 
receptor is located in the intestine and pancreas) with 
a double mechanism of action. By directly modulating 
activity of pancreatic β cells, it increases insulin pro-
duction and stimulates the secretion of glucagon-like 
peptide 1 (GLP-1) in the intestine [5].

The MBX-2982 molecule contains aminopyrimi-
dine and tetrazole fragments, this rendering it structur-
al similarity to highly active GK activators of pyrazin 
derivative series, such as AZD1656 (Astra-Zeneca, 
EC50 64 nm at 5 mM glucose), etc. (Fig. 1) [3,12]. 

On the other hand, the effects of MBX-2982 on GK 
activity have not been described.

We study the effects of MBX-2982 on human GK 
activity in an in vitro test system.

MATERIALS AND METHODS

Human GK 4IWW model [11] crystallized with low 
molecular activator from the RCSB PDB public repos-
itory was used in the study. Preparation of the protein 
structure for docking consisted in removal of ligands, 
inorganic ions, and solvent molecules. All hydrogen 
atoms were then added and Gasteiger partial atomic 
charges calculated. Preparation of the ligand mod-
els for docking was carried out automatically using 
AutoDockTools 1.5.6 software. Experimental docking 
of ligand models in GK allosteric center was carried 
out using AutoDock Vina 1.1.2 software [10]. Only 
the conformations with the maximum free binding 
energy gain were selected for subsequent analysis. 
At stage 1, docking of the original ligand was carried 
out for evaluation of the correctness of reproduction 
of crystallographic binding conformation. Docking of 
the studied ligand was then carried out with the use of 
the same parameters.

Analysis of GK activity was carried out at 37oC 
in a 96-well transparent flat bottom plate (Costar 
9018). The incubation mixture contained 25 mM 
HEPES buffer (pH 7.2) (Sigma), 25 mM KCl (ana-
lytical grade), 5 mM D-glucose (Sigma), 1 mM ATP 
(Sigma), 1.8 mM NAD (Sigma), 2 mM MgCl2 (chemi-
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cally pure), 1 mM dithiotreitol (Sigma), 1.8 U/ml L. 
mesenteroides glucose-6-phosphate dehydrogenase 
(G6PDH; Sigma), and GK (recombinant human liver 
type 4 hexokinase expressed in E. coli in the form of 
protein fused with glutathione-S-transferase — GST-
GK; Sigma). G6PDH and GK were added in amounts 
sufficient for attaining an optical density increase of 
0.08-0.1 U within 30 min of incubation. The formation 
of NADH was evaluated by optical density increment 
at λ=340 nm using Infinite M2000 PRO microplate 
reader (Tecan) for 30 min of culturing.

Compound MBX-2982, 2-[1-(5-ethylpyrimidin-
2-yl)piperidin-4-yl]-4-[[4-(tetrasol-1-yl)phenoxy]
methyl]-1,3-thiasole (Sanofi), was chosen for the 
study [5]. The compound was added to experimental 
samples in 25 mM HEPES buffer (pH 7.2) containing 
5% DMSO. To zero samples, the same volume of 5% 

DMSO solution in 25 mM HEPES buffer (pH 7.2) 
was added.

The results were processed using GraphPad Prism 
6 software (GraphPad Inc.) with calculation of the ba-
sic statistical values: arithmetic mean±standard error. 
Statistical processing was carried out using Statistica 
10.0 software with parametric Student’s paired t test 
or nonparametric Mann—Whitney test. The effective 
concentration of the substance at which it activated the 
reaction by 50% (EC50) was calculated using Graph-
Pad Prism 6 software by the linear regression method.

RESULTS

Molecular docking experiments have been carried out 
for preliminary evaluation of the capacity of compound 
MBX-2982 to bind to GK allosteric center. The MBX-

Fig. 1. Structure of GPR119 activator of compound MBX-2982 and of highly active activators of GK.

Fig. 2. Models of binding of MBX-2982 in GK allosteric center according to molecular docking results (a) and of original ligand according 
to roentgenostructural analysis (b).
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2982 molecule forms a series of interactions char-
acteristic of GK activators (Fig. 2). Hydrogen bond 
to the enzyme main chain in Arg63 and T-wise π—π 
stacking with Tyr215 aromatic radical are essential 
[6]. Numerous hydrophobic and π-alkyl interactions 
with the lateral chains of the binding pouch amino 
acids are found, which are realized at the expense of 
aromatic cycles in the MBX-2982 molecule. All these 
facts suggest specific binding of the compound to GK 
and hence, the probability of activation of the enzyme.

Today, activity of GK is studied in vitro by the 
G6PDH-conjugated method with substrates thio-
NAD or NAD [2,9]. For this reason we studied in 
preliminary experiments the effect of the coenzyme 
on the course of analytical reaction. The use of NAD 
promoted a more rapid increment of optical density 
of the reaction mixture and a better signal/murmur 
proportion. In the presence of thio-NAD the optical 
density increased from 0.127±0.001 arb. units (min 
0) to 0.173±0.001 arb. units (min 30), with NAD — 
from 0.052±0.001 arb. units (min 0) to 0.189±0.001 
arb. units (min 30).

The next stage of the study was validation of the 
analytical method for GK activity evaluation. The con-
vergence and intermediate (intralaboratory) conver-
gence of the method with the use of MBX-2982 com-
pound were evaluated. The convergence of the method 

was 5.15%, intermediate convergence 5.6% (Table 1), 
which indicated its high precision (reproducibility) [1].

Activity of GK in the presence of various concen-
trations of MBX-2982 was then evaluated. In concen-
trations of 1-300 µM the compound caused a signifi-
cant increase of GK activity (p<0.05; Mann—Whitney 
test). The EC50 for MBX-2982 was calculated from the 
resultant data (Fig. 3).

Hence, validation of the method for GK activity 
evaluation with the use of NAD coenzyme showed 
5.15% convergence and 5.6% intermediate conver-
gence of the method, this recommending it for studies 
of GK activity of new compounds.

Compound MBX-2982, known as GPR119 ago-
nist, has exhibited manifest activation of GK in vitro. 
Despite the fact that its activity is significantly inferior 
to the leader compounds on this class, the results ex-
tend our concepts on the mechanism of hypoglycemic 
effect and antidiabetic potential of MBX-2982.

The study was carried out within the framework 
of the State Task for Applied Research, Experimental 
Development, Organization, and Information Support 
of Public Health Activities “Search for New Glucoki-
nase Activators and Study of Their Effects in Strep-
tosotocin-Nicotinamide Diabetes Mellitus Model”  
(No. 115042410204).
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