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Commentry
The glucose 6-phosphatase (G6Pase) is an enzyme found in a
number of tissues comprising liver, kidney, muscle and also in intestine
and pancreatic islets and others [1]. This enzyme plays an important
part in starvation period of plasma glucose. In liver, G6Pase is the last
step of the glycogenolysis that leads to the glucose release under the
glucagon stimulation in order to adjust the glycemia [2]. Unlike the
most of phosphatase known, G6Pase is a membrane multi-component
protein complex of the reticulum endoplamic with its catalytic site in
regard of the lumen. The model of G6Pase system has been described
by Van Schaftingen and Gerin [3] with the catalytic domain, the T1
translocase for glucose 6-phosphate (G6P) uptake, a T2 Pi (PPi)
transporter and a T3 glucose transporter. Molecular studies have lead
to identify a gene family encoding the G6Pase catalytic subunit
including G6PC, G6PC2 and G6PC3 [1]. G6PC gene is expressed
mainly in the liver and kidney, but also in the intestine and pancreatic
islets. G6PC2 gene initially called the islet-specific G6PC-related
protein (IGRP) produces an isoform specifically in the pancreatic
tissue [4,5] that suggested a potential role of the G6Pase in the
regulation of islet insulin secretion. The G6PC3 also called the
ubiquitously expressed G6PC-related protein (UGRP) was expressed in
every tissue analyzed [1]. Martin et al. [5] have showed that rat islet
G6PC2 is a no functional pseudogene that which inacordance
consistent with a G6Pase function in β cell specific regulation. But,
nonetheless Schmoll et al. [6] have successfully amplified a G6PC-like
cDNA that demonstrated the expression of a G6PC gene equivalent in
insulinoma cell line (INS1). We can so consider that the G6PC2
defective gene in rat has been compensate by a G6PC-like gene
expression. These authors have showed that the G6PC gene expression
is up-regulated by high glucose level suggesting a protection against
high glucose load. Several studies have shown that the G6Pase
undergoes post-translational regulation. In the same time, a G6PC T1
translocase has been identified [7]. Arion et al. [8] showed the presence
of two independent binding sites on the G6P transporter T1 that are
involved in the hydrolysis of glucose 6-phosphate showing evidence for
the regulator role of T1 in G6Pase activity. The work of Clottes and
Burchell [9] confirmed this dependance of the G6Pase activity at the
translocase T1. The authors have used a specific sulfhydryl reagent on
the three thiol groups on T1 translocase of liver G6Pase system
showing a modulation of the translocase activity. These authors have
proposed a T1 translocase regulation although a conformational
model. Moreover, it's now clearly established that chlorogenic acid, a
caffeoylquinic acid derivative interacts with the T1 translocase
preventing thereby the entry of G6P substrate [10] leading to reduce
the G6Pase activity. Chlorogenic acid effect has been correlated with a
decrease of glucose release by the hepatic tissue.
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Studies reported that G6Pase activity was been several fold higher in
islets from hyperglycemic or diabetic rats compared to normal animals
[11]. In ob/ob mice an increase of the G6Pase activity specially in
pancreatic β cells participates to hyperglycemia by a reduction of
insulin secretion [12]. In islets isolated from partially
pancreatectomized rats, glucose-induced insulin secretion is impaired
and G6PC expression is elevated compared to controls [13].
Transfected MIN 6 cells with a G6PC genetic construct induce a high
reduction of Glucokinase/G6Pase ratio and are so quickly followed by
reduction of insulin secretion [14]. This transfected-cells experiment
approach has confirmed that a G6Pase modulation activity is
correlated to a modulation of insulin secretion like that is early
proposed by Malaisse [15].
We have previously shown that chlorogenic acid and a root chicoric
acid rich extract are able to stimulate insulin secretion with the similar
efficiency, but only chicoric acid rich extract acts with a glucose
dependence effect [16]. Recently, we have showed that the chicoric acid
rich has no effect on the microsomal hepatic G6Pase fraction [17].
More recently, we have evaluated the G6Pase on pancreatic (INS1)
microsomal fractions using the same protocol that in Azay-Milhau et
al. [17]. We have observed a clear decrease of G6Pase activity on β cells
microsomal fraction in the presence of chlorogenic acid (-56%,
P<0.01) and of chicoric acid extract (-20%, P<0.05) at 50 µg.mL-1
versus controls (4.42 ± 0.44 Pi [pmole.hour-1 for 2µg of proteins]).
Also, we observed a clear decrease of G6Pase activity related to an
increase of the glucose concentration in the medium (personal
communication). The inhibitor effect of the two caffeoyl acid
derivatives seems however implicate different signaling pathways since
chicoric acid extract act only in β cells. Interestingly, G6Pase activity of
islet cells presents some differences with those of hepatocytes. The two
types of cells display distinct Km, pH dependence, and inhibitor
profiles of their G6Pase activities [18,19]. One important data might be
to know the transport mechanism required for the action of
chlorogenic acid or chicoric acid extract.
In another hand, Asteraceaes (Artichoke, Chicory, Burdock, Purple
Coneflower, Dandelion) known for their antidiabetic virtues [20] are
characterized by their rich polyphenolic contents including a large
number of hydroxycinnamic acid derivatives as chlorogenic acid,
caffeic acid, ferulic acid, chicoric acid known for their
antihyperglycemic effects [16,17]. So the use of chlorogenic acid or
chicoric acid extract included in food could be attractive for a
preventive antidiabetic treatment. The compounds can act by three
independently effects; the reduction of the discharge of glucose by
liver, the stimulation of insulin secretion by β cells and the uptake of
glucose by the muscle.
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So future researches upon pancreatic β cells G6Pase activity in its
implication in type 2 diabetes genesis might to be considered for
importance in view to obtain a new target for treatments.

10. Hemmerle H, Burger HJ, Below P, Schubert G, Rippel R, et al. (1997)

References

11.

1. Hutton JC, O'Brien RM (2009) Glucose-6-phosphatase catalytic subunit
gene family. J Biol Chem 284: 29241-29245.

12.

2. Villar-Palasí C, Guinovart JJ (1997) The role of glucose 6-phosphate in the
control of glycogen synthase. FASEB J 11: 544-558.

3. van Schaftingen E, Gerin I (2002) The glucose-6-phosphatase system.

13.

Biochem J 362: 513-532.

4. Arden SD, Zahn T, Steegers S, Webb S, Bergman B, et al. (1999) Molecular
5.

6.
7.
8.

9.

cloning of pancreatic islet-specific glucose-6-phosphatase catalytic subunitrelated protein. Diabetes 48: 531-542.
Martin CC, Bischof LJ, Bergman B, Hornbuckle LA, Hilliker C, et al. (2001)
Cloning and characterization of the human and rat islet-specific glucose-6phosphatase catalytic subunit-related protein (IGRP) genes. J Biol Chem
276: 25197-25207.
Schmoll D, Watkins SL, Wasner C, Walther R, Burchell A (1999) Glucose
induces glucose 6-phosphatase hydrolytic subunit gene transcription in an
insulinoma cell line (INS-1). FEBS Lett 443: 53-56.
Kramer W, Burger HJ, Arion WJ, Corsiero D, Girbig F, et al. (1999)
Identification of protein components of the microsomal glucose 6phosphate transporter by photoaffinity labelling. Biochem J 339 : 629-638.
Arion WJ, Canfied WK, Callaway ES, Burger HJ, Hemmerle H, et al. (1998)
Direct evidence for the involvement of two glucose 6-phosphatase-binding
sites in the glucose-6-phosphatase activity of intact liver microsomes.
Characterization of T1, the microsomal glucose 6-phosphate transport
protein by a direct binding assay. J Biol Chem 273: 6223-6227.
Clottes E, Burchell A (1998) Three thiol groups are important for the
activity of the liver microsomal glucose-6-phosphatase system. Unusual
behavior of one thiol located in the glucose-6-phosphate translocase. J Biol
Chem 273: 19391-19397.

J Mol Genet Med
ISSN:1747-0862 JMGM, an open access journal

14.

15.
16.
17.

18.
19.
20.

Chlorogenic acid and synthetic chlorogenic acid derivatives: novel
inhibitors of hepatic glucose-6-phosphate translocase. J Med Chem 40:
137-145.
Fulceri R, Kardon T, Bánhegyi G, Pralong WF, Gamberucci A, et al. (2000)
Glucose-6-phosphatase in the insulin secreting cell line INS-1. Biochem
Biophys Res Commun 275: 103-107.
Khan A, Hong-Lie C, Landau BR (1995) Glucose-6-phosphatase activity in
islets from ob/ob and lean mice and the effect of dexamethasone.
Endocrinology 136: 1934-1938.
Laybutt DR, Sharma A, Sgroi DC, Gaudet J, Bonner-Weir S, et al. (2002)
Genetic regulation of metabolic pathways in beta-cells disrupted by
hyperglycemia. J Biol Chem 277: 10912-10921.
Iizuka K, Nakajima H, Ono A, Okita K, Miyazaki Ji, et al. (2000) Stable
overexpression of the glucose-6-phosphatase catalytic subunit attenuates
glucose sensitivity of insulin secretion from a mouse pancreatic beta-cell
line. J Endocrinol 164: 307-314.
Malaisse WJ (1994) The beta cell in NIDDM: giving light to the blind.
Diabetologia 37 Suppl 2: S36-42.
Tousch D, Lajoix AD, Hosy E, Azay-Milhau J, Ferrare K, et al. (2008)
Chicoric acid, a new compound able to enhance insulin release and glucose
uptake. Biochem Biophys Res Commun 377: 131-135.
Azay-Milhau J, Ferrare K , Leroy J, Aubaterre J, Tournier M, et al. (2013)
Antihyperglycemic effect of a natural chicoric acid extract of chicory
(Cichorium intybus L.): A comparative in vitro study with the effects of
caffeic and ferulic acids. J Ethnopharmacol 150: 755-760.
Levy HR (1979) Glucose-6-phosphate dehydrogenases. Adv Enzymol Relat
Areas Mol Biol 48: 97-192.
Semenikhina AV, Popova TN, Matasova LV (1999) Catalytic properties of
glucose-6-phosphate dehydrogenase from pea leaves. Biochemistry (Mosc)
64: 863-866.
Kavishankar GB, Lakshmidevi N, Mahadeva MS, Prakash HS, Niranjana
SR, (2011) Diabetes and medicinal plants - A review. Int J Pharm Biomed
Sci 2: 65-80.

Volume 8 • Issue 2 • 102

