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Molecular Biology of Glucose Transporter Families
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The glucose transport across the mammalian plasma membranes is carried out by members of two

distinct gene families, Na~/glucose cotransporter (SGLT) and glucose transporters (GLUTSs). The energy

requring SGLT utilizes the sodium gradient to transport glucose and galactose against the concentration

gradient. The energy independent transport(Facilitative transport) of glucose down the concentration

gradient is mediated by the members of GLUTs. The facilitated transport of glucose is saturable,

sterospecific and bidirectional across the membrane. To date, 6 kinds of isoforms of

facilitative glucose transporters are found. These proteins are expressed in a tissue and cell specific

manner, and shows distinct properties that reflect their specific functional roles.
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Fig. 1 Predicted topology of Glutl, The 12 predicted transmembrane helices are numbered 1—12. The single

N-linked oligsaccharide is designated by CHO.

GLUTs (Glucose transporters, £%% #4H4]), Type I diabetes mellitus(Insulin dependent diabetes, IDDM), Type I
diabetes mellitus(Insulin independent diabetes mellitus, NIDDM)
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Alignment of human Glutl —5 deduced protein sequences. Residues that are identical among all five
isoforms are boxed. The 12 predicted transmembrane segments are designated M1-—M12. Gaps have
been introduced to optimize the alignment. Adapted from Kayano et a.(1990).

Fig. 2

Table 1. Mammalian facilitative sugar transporters

Function and major sites of expression

Designation

GLUT1/erythrocyte Primary glucose transporter of fetal tissues and tissuc culture cells iin adult tissues,
expressed at highest levels in cells of blood tissue barriers including blood/brain barrier,
and in kidney and colon

GLUT2/liver High capacity, low affinity glucose transporter that is present on basolateral membrane
surface of liver, pancreatic § cells, small intestine, and kidney

GLUT3/brain Primary glucose transporter of neurons ; also expressed at high levels in placenta
and testes

GLUT4/muscle Mediates insulin-stimulated glucose uptake by skeletal muscle, heart and white

GLUT5/small intestine

GLUT6

GLUT7/microsomal

and brown adipose tissue
Fructose transporter : expressed at highest levels in small intestine and at lower

levels in kidney, skeletal muscle, adipose tissue, and brain : in human, also expressed
at hight levels in testes and sperm

Non-functional pseudogene whose sequence is most closely related to that of
GLUTS3 ; identified only in humans

Microsomal glucose transporter of liver i comprises part of the glucose-6-phos-
phatase complex and mediates glucose release from the endoplasmic reticulum
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Fig. 3 Insulin-stimulated translocation of Glut4 to the
plasma membrane in adipocytes. Glut4 is ta-
rgeted to a subcompartment of the trans-Golgi
reticulum in the absence of insulin. It may
recycle through the plasma membrane via
coated pits in this stale, but the rate of en-
docytosis is much greater than the rate of
exocytosis, so that very few transporters are
present at the cell surface. Insulin increases
the rate of entry of intracellular Glut4 into
the exocytic route and/ or decreases the rate
of entry of cell-surface Glut 4 into the en-
docytic route, bringing about a steady-state
increase in the level of plasma membrane
Glut4. The thickness of each arrow represents
the relative magnitude of the endocytic of
exocytic step.
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