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The classical view of pancreatic beta-cell glucose
sensing involves a high capacity facilitated glucose
transporter, which nearly equalizes the intra- and ex-
tracellular glucose signal and glucokinase, which
phosphorylates glucose at a rate that is very sensitive
to the concentration of glucose in the physiological
range. This view was first substantiated by the stud-
ies of Matschinsky and Ellerman in 1968 [1] and has
since been widely accepted as fitting the findings in
rat and mouse islets which contain large quantities
of GLUT?2. However, a recent report by De Vos et
al. [2], states that human islets contain little
GLUTZ2, and express GLUT1 at levels allowing rates
of transport over phosphorylation about 10% of
those found in mouse and rat islets. This forced us
to address the issue of whether the properties of
GLUT?2 are inherently suited to the proper function
of glucose sensing in the rat, and whether GLUT1
acts analogously to GLUT?2 or would impose the dis-
tinct glucose sensing characteristics of human pan-
creatic beta cells. We did this by quantitative analysis
of the kinetic characteristics of GLUT1 and GLUT?2
using a mathematical model that focuses on the in-
teraction between transport and phosphorylation.
Thus, we do not address the metabolon theory of
tunneling between transport and glucokinase put
forth by Newgard et al. [3, 4], the regulation of the
transporter protein levels by transcription, transla-
tion and degradation, or the possible regulation of
glucokinase levels by GLUT2.
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Beta-cell model of transporter and phosphorylation

Since the extent to which transport affects the rate of
glycolysis is mediated through its influence on the in-
tracellular concentration of glucose, a simple model
of transport and phosphorylation is adequate for the
analysis (Fig.1). Phosphofructokinase, and subse-
quent glycolytic reactions can only affect the rate of
phosphorylation via feedback on hexokinase which
appears to be present at only 10 % of glucokinase lev-
els [5] and was therefore ignored. The model used for
transportacrossthe membrane wasasimple facilitated
carrier model and for phosphorylation it was a descrip-
tion of glucokinase represented as a Hill equation.

The premise of carrier protein mediated transport
is that the binding site exists in two states, each acces-
sible to one side of the membrane (Fig.1). Transfor-
mation between the two states must be separated by
a finite energy barrier which differentiates a carrier
from a pore. The driving force is the concentration
gradient existing across the membranes, and inter-
conversion between the two states when a molecule
is bound to the transporter results in movement of
the molecule across the membrane. This model does
not describe all transporters but, like the Michaelis-
Menten model for enzymes, is the simplest and a
good starting point.

If the binding of glucose and the change between
the conformations is fast compared to the changes in
glucose in solution, then the transporter species will
reach steady state. Equations 1 and 2 describe the
unidirectional (plasma to beta cell) and net rate of
glucose transport in terms of 4 parameters, 3 resis-
tances (R) and one affinity parameter (K), instead of
the 8 rate constants in Figure 1. Although there are
4Rs, only 3 are independent since Ry + R..
. = Ry, + R,;. The kinetic definitions of K and the Rs
are given in Stein [6] and have the units of mmol/l
and g Cmin/umol, respectively.
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Fig.1. Model of intracellular glucose in the beta cell, which is
governed by Kinetic properties of transport and phosphoryla-
tion. Transport is assumed to be facilitated by a carrier protein
that exists in two conformations, one with the binding site ac-
cessible to the extacellular and the other to the intracellular so-
lution. In the formulation of the transport flux equation, it is
assumed that all the rate constants f, g, b, and k are fast enough
relative to the changes in glucose in solutions so that a steady
state in the transporter species occurs [5]. The rate of phospho-
rylation is regulated by glucokinase and since there is no feed-
back on this enzyme this model completely determines the
rate of phosphorylation as a function of the extracellular glu-
cose concentration
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These equations as they stand are difficult to char-
acterize, so it is useful to make measurements under
certain experimental conditions that result in simpli-
fied forms. The most common of these are equilib-
rium exchange and zero trans. An equilibrium ex-
change experiment is a measurement of the rate of
transport of labelled substrate made when the con-
centrations of unlabelled substrate on both sides of
the membrane are equal. The zero trans is done by
measuring an initial rate of transport while there is
no substrate on the opposite side of the membrane.
Both are measurements of unidirectional flux so
that results can be parameterized by a V,,,, and a
K. Shown in Table 1 are the V., and the K, in
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Table 1. Simplification of transport model (equation 1) for
certain conditions in terms of V., and K,

Experiment type V max Kn
Zero trans
plasma to cytosol 1Ry, K*Ry/R12
cytosol to plasma 1R, K*Ryo/Ry1
Equilibrium exchange 1R, K*Ryo/Ree

terms of the Rs and K of equation (1) for the three
types of experiment. It is important to note that in
general a transporter cannot be characterized by
only a V., and a K, except for these special cases
(or as seen below when all the resistances are equal).
Thus, to refer to the K., of a transporter, doesn’t
make sense without referring to the conditions of
the experiment.

Since the rate of phosphorylation by glucokinase is
related to the concentration of glucose in a sigmoidal
fashion, a Hill-type equation was used:

hn
K
. VEs  glucose |
VER = hn hn (3)
SeK glucose ,

where hn is the Hill number. The parameters were
kept constant throughout the study and were
V max = 0.7 umol Cmint ™, Sy =10 mmol/l, and
hn = 1.7, except where stated otherwise.

Contrast between GLUT1 and GLUT2

In liver and pancreatic beta cells in rats and mice,
where GLUT?2 is thought to be the predominant
transporter, the concentrations of glucose on each
side of the membrane are nearly the same [1, 7]. In
both tissues, glucokinase is the predominant phos-
phorylating enzyme. GLUTL, which is found in the
brain and erythrocytes, is associated with a high affin-
ity hexokinase. The major differences between the ki-
netic characteristics of GLUT1 and GLUT2 are that
GLUT2 has a lower affinity and GLUT1 is asymmet-
ric. Important questions are, is there a kinetic advan-
tage in the association between GLUT?2 and glucoki-
nase, and whether GLUTL1 can function in concert
with glucokinase as a glucose sensing mechanism in
the pancreatic beta cell.

The parameters in equation (1) for GLUT1 have
been measured extensively. From experiments on
erythrocytes summarized by Carruthers [8],
Ry, = 8R,, and R,; =2R,. and K=1.5. The resis-
tances are listed as a factor times R, since the capac-
ity of an erythrocyte will not be the same for the beta
cell. GLUT2 has not been studied as intensively as
GLUTL. Studies from both the liver [9] and beta cell
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[10] indicate that the affinity parameter, K, is at least
10 times higher than that for GLUTL, and that it is
symmetric (R;, = R,;). However, the ratio of R, to
R.. is not well characterized. It is known to be bigger
than 1, though, since trans acceleration was observed
in the dog liver [11] and this only occurs when R;; is
greater than Rg. In this study it was assumed that
Ry, = Ry = 2R, and K =17. Using the zero trans
data from De Vos et al. [2] in human beta cells,
R;, = 0.4 g Cmin/umol (V.. for zero trans was five
times bigger than the V,,, for glucokinase).

Because of the complicated nature of these trans-
porters, a simple interpretation of experimental data
is not possible. As discussed above, GLUT1 is asym-
metric and displays trans acceleration. A zero trans
experiment with GLUT1 yields a K, and a V,,, that
is smaller and larger respectively by a factor of 8
than that of an equilibrium exchange (R;, = 8R,,). If
the physiologic conditions more closely reflect an
equilibrium exchange (i.e. if phosphorylation is slow
relative to transport) then making a conclusion di-
rectly based on a zero trans experiment will be spuri-
ous. Thus, the rates of phosphorylation and transport
are inextricably linked and their integration via math-
ematical modelling is necessary to interpret experi-
mental results correctly and quantitatively.

To gain insight from the modelling analysis, it is
helpful to keep the following concepts in mind. At
steady state, the net transport flux equals the rate
of phosphorylation, and the rate of both will de-
pend on the intracellular glucose concentration,
since this determines the rate through glucokinase.
The concentration of intracellular glucose is deter-
mined by the balance between the rate of depletion
(governed by glucokinase and transport out of the
cell) and the rate of repletion (governed by trans-
port into the cell). For a finite rate of phosphoryla-
tion, there is always less glucose in the cell than
outside. The rate of phosphorylation is dependent
on all the parameters determining the rate of trans-
port and phosphorylation. Thus, when interpreting
the extent to which transport limits phosphoryla-
tion, the ratios of V,, must be considered in con-
junction with the ratios of affinities and the glucose
concentration.

Optimal value of K

To examine the effect of the affinity parameter, we
will make the common assumption that all the resis-
tances are equal. (Although this is not the case for ei-
ther GLUTL1 or GLUT2, despite its widespread use.)
Equations (1) and (2) simplify to

E3 glucose b
V;y>bc = (4)
K glucose 0
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Fig.2.A,B Glucose dependency curve of unidirectional
(Vp_ne) and net (V) steady-state flux of glucose for high and
low affinity. Note that at steady state, the net rate of transport
is equal to the rate of phosphorylation. All resistances for
transport are assumed to be equal (R, = Ry, = Rg; see text).
The unidirectional flux is higher for the higher affinity, but the
net flux is decreased. Ratio of transport maximal activity to
that of phosphorylation is A: 4; B: 20. The effect is less pro-
nounced at the higher ratio
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where V., = 1/R and K, = K. Note, there is only one
Vnax @nd K, for a transporter, irrespective of the con-
ditions. This is because the rate of unidirectional flux
is governed by a Michaelis Menten type dependency
on the concentration of the substrate, with no influ-
ence of the concentration on the trans side. The dif-
ference between this model and a Michaelis Menten
reaction is its bidirectionality, which has conse-
guences that are not immediately apparent. The
equations (3-5) were solved as previously described
[12, 13] and Figure 2 shows the steady state of unidi-
rectional and net flux of glucose into the beta cell at
K =1.5and 17 mmol/l. Note that in the glucose range
of 6 to 40 mmol/l, the unidirectional rate of transport
is higher for the higher affinity, but the net flux is low-
er. However, below 6 mmol/l, both the unidirectional
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Fig.3. Effect of affinity on intracellular glucose (bottom
curves) and the rate of glucose phosphorylation (or net rate of
transport, top curves) at steady state when extracellular glu-
cose is equal to 10 mmol/l. All transport resistances are as-
sumed to be equal (R, = Ry, = R,,; see text). Numbers next
to curves refer to the ratio of maximal transport activity to
phosphorylation. Glucokinase: V,,,, = 0.7 umol [min™* [y
Sg5 = 10.0; Hill number = 1.7

and the net flux is higher for the high affinity trans-
porter. The effect of increasing the ratio of transport
to phosphorylation is to increase the unidirectional
rates of transport while decreasing the sensitivity to
the affinity (Fig.2B). Thus, unlike the unidirectional
Michaelis Menten kinetics where an increase in affin-
ity necessarily results in an increase in flux, increasing
the affinity of a transporter in this system can result in
a lowering of the phosphorylation rate. This is be-
cause the rate of exit via the transporter is in direct
competition with the phosphorylation of glucose.
The higher the ratio of transporter affinity relative
to the affinity of glucokinase, the higher the fraction
of intracellular glucose that will be exported rather
than phosphorylated. So the optimal value of K rep-
resents a balance between the enhanced rate of up-
take that a high affinity favours and the increased re-
flux out of the cell. Figure 3 shows the steady-state
concentration of glucose and glucose net flux plotted
as a function of K, for extracellular glu-
cose = 10 mmol/l. At low K, the flux increases as the
K increases, peaks when K is between 8-12 mmol/I
and then decreases. The explanation for this behav-
iour is as follows. When the affinity is low relative to
the concentration of extracellular glucose, then trans-
port into the cell limits the rate of phosphorylation.
When the affinity for transport is much lower than
that of glucokinase, and at concentrations of glucose
far above the K, the transporter is saturated in both
directions so that the fluxes will both be near to the
V .ax @llowing only reduced amounts of phosphoryla-
tion to occur. Intracellular glucose would have to
reach very low levels to reduce transport out of the
cell, which glucokinase is unable to do because of its
higher affinity. When the affinity of transport and glu-
cokinase and the glucose concentration in solution is
near the K, then the rate of unidirectional flux is
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very sensitive to changes in glucose. The glucose con-
centration gradient across the membrane can be large
enough to allow net flux in transport, while the intra-
cellular glucose levels will be high enough to produce
high rates of phosphorylation.

However, although there is an optimal range, the
curve between 1 and 20 is relatively flat and there is
only about a 20% decrease from the optimal at
K =15. Thus, the optimal range of K for glucose
transport is about 8-12 mmol/l, but the loss of activity
is not very large a little outside this range.

Unlike Michaelis Menten kinetics, where the high-
er the affinity the higher the activity, in a bidirectional
transport/phosphorylation system, a higher affinity
can result in a lower activity. Lachaal et al. [14] re-
cently achieved similar numerical results using the
model in Figure 1 and equations (4-5) for transport
and concluded that the high K, of GLUT2 does not
explain its role in insulin secretion. Our results are in
agreement since the effect of affinity is small, but the
lower affinity of GLUT2 is Kkinetically better suited
to the task of equalizing glucose on opposite sides of
the membrane.

Effect of asymmetry and trans acceleration

A salient feature of the GLUTL1 transporter is that its
V ax fOr zero trans entry is four times slower than that
of exit. Thus, for a system that always has less glucose
inside the cell than outside due to phosphorylation,
one would expect more of this type of transporter
would be needed to result in a given level of equaliza-
tion. This was confirmed by simulations (data not
shown), where at low ratios of transport to phospho-
rylation activity, an asymmetric transporter with
identical properties of GLUT1 except that the asym-
metry is reversed, resulted in intracellular levels of
glucose and rates of glucose phosphorylation that
were higher than that with GLUT1. These differences
steadily diminished as the rate of transport activity
to that of phosphorylation was increased. Thus, the
asymmetry of GLUT1 reduces its efficiency in func-
tioning as an equilibrative transporter.

Both GLUTL1 and GLUT2 display trans accelera-
tion, which is the increase in unidirectional flux due
to an increase in substrate concentration on the trans
side of the membrane. Trans acceleration is measured
as an increase in the rate of flux of tracer concentra-
tions of radiolabelled glucose in the presence of cold
glucose in non-tracer amounts on the trans side. This
will occur when either R, or R, is greater than R...
Note that the unidirectional flux is not a physiologic
parameter, and only the net flux is important to cell
function. However, in order to see whether there is
any underlying change in the kinetics of net flux
when this phenomenon occurs, intracellular glucose
and glucose phosphorylation were simulated as a
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Fig.4. Effect of ratio of transport maximal activity (at equilib-
rium exchange) to that of phosphorylation on the steady-state
intracellular concentration of glucose when the extracellular
concentration is 10 mmol/l for GLUT1 and GLUT2. For
GLUTL: R;; =2R;; =8R,.. K=15. For GLUT2: R, =R, =
2R,. K =17. Glucokinase: V. = 0.7 umol [min™ 0Og™%; Sy =
10.0; Hill Number =1.7

function of K using equations 1 and 2 for transport
with R;, = R, = 2R, (data not shown). This is repre-
sentative of the kinetics of GLUT2, and the results
were similar to that in Figure 3. Therefore, unlike
the asymmetry of GLUT]1, trans acceleration does
not lead to a transporter that is less suited to the func-
tion of an equilibrating transporter. It seems GLUT2
has an affinity that is very near the optimal for equi-
librating the glucose concentrations across the mem-
brane in the physiologic range.

Overriding influence of capacity

Both asymmetry and a high affinity are disadvanta-
geous for the task of equilibrating glucose in the pres-
ence of intracellular phosphorylation. However, at
the values thought to correspond to GLUT1, these ef-
fects are not too great and can be overcome by simply
raising the ratio of transport protein to phosphoryla-
tion enzyme. Figure 4 shows the effect of capacity on
the simulated steady-state levels of intracellular glu-
cose for GLUT1 and GLUT2, calculated using equa-
tions (1-3) when the extracellular glucose is
10 mmol/l. For both GLUT1 and GLUT?2, intracellu-
lar glucose tends to 10 mmol/l at high rates of trans-
port. Thus, this demonstrates the important point
that if there is enough GLUT1 it will perfom the
same function as GLUT2. It can be seen that in the
presence of GLUT?2, there is always a higher level of
intracellular glucose (and hence a higher rate of phos-
phorylation) than in the presence of GLUT1. How-
ever, these two cases are not directly comparable,
since for an asymmetric transporter with trans accel-
eration, there is no global measure of capacity that
can be used as a basis for comparison. The V., for
equilibrium exchange was used here, but we could
have also used the V,,, for zero trans. GLUT1 does
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have an impaired ability to equilibrate glucose across
the membrane (due to its asymmetry and high affin-
ity), but from the curves in Figure 4, it would not be
correct to directly estimate a percent reduction.

The curves can be used to estimate the amount of
GLUT1 or GLUTZ2 needed to reduce its rate-limiting
effects. It is important to understand that when glu-
cokinase is not saturated, in theoretical terms, trans-
port is necessarily a rate-limiting step. So the question
is not whether transport is limiting, it is to what extent
it is limiting. However, practically, it can be said that
if the capacity is high enough, say, to produce intra-
cellular glucose levels greater than 9.0 mmol/l (90%
of its equilibrium value) transport would not impose
its kinetic characteristics on the glucose sensing sys-
tem. This occurs at a ratio of V,,, for equilibrium ex-
change to V,,,, of phosphorylation of 80 for GLUT1
and 50 for GLUT?2. In the rat, beta cells are thought
to have a ratio of 60-100 [15], so the glucose sensing
system behaviour is shaped, in practical terms, wholly
by glucokinase. At these levels of transporter, either
GLUT1 or GLUT2 would function in a similar fash-
ion. De Vos et al. [2] found that the ratio in human is-
lets was 5, when using the V,,, for zero trans. Since
R, = 8R,,, this corresponds to a ratio of 40 for our
curves which use the V,,,, for equilibrium exchange
as a ratio of transport capacity to glucokinase. This is
a factor of 2 lower than that needed for 90 % equilib-
rium to be reached. However, it is likely that isolation
and handling of the islets, and the measurement error
itself could contribute to an error of a factor of 2.
Thus, although the asymmetry and the low affinity of
the GLUTL transporter is slightly less suited to the
task of equalization of glucose across the membrane,
it is not clear that the presence of GLUT1 would re-
sult in a different underlying glucose sensing mecha-
nism than that found in the rat, where glucokinase
and glucose usage dose response curves are nearly su-
perimposable. If this is not the case, then it is the low
capacity of GLUT1 that would be the factor that
most distinguishes it from GLUT?2. Its inherent dif-
ferences would then depend on the factors control-
ling its gene expression.

Glucose vs insulin secretion with GLUT1 and GLUT?2

To understand how a system with a low amount of
transporter (GLUT1 or GLUT2) would behave, the
effect of capacity on the glucose sensing-insulin se-
cretion was examined using the model of Sweet and
Matschinsky [12]. This model has a function which
relates the rate of phosphorylation of glucose to the
rate of insulin secretion; it is not truly mechanistic,
since there are too many unknowns, however, it
does describe the glucose-insulin secretion dose-re-
sponse characteristics. Note that there may be post-
phosphorylation factors that influence the rate of
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insulin secretion, but this relation is considered con-
stant. The capacity of transport was varied and the
steady-state rate of phosphorylation and insulin se-
cretion was plotted as a function of glucose for dif-
ferent values for the V,, for equilibrium exchange
(= 1UR,.). These plots, shown in Figure5A and B
for GLUT1 and GLUT?2 respectively, must be inter-
preted carefully since they are a mixture of rigorous
analysis and speculation. The bottom curve shows
the rate of phosphorylation, which at high rates of
transport is simply the unadulterated glucokinase-
glucose dependency curve. This occurs when the in-
tra- and the extracellular concentrations are nearly
equal. As the capacity decreases, the rate of phos-
phorylation decreases, as one would expect. It is sur-
prising, though, that there is very little change in the
glucose concentration at which the sensitivity is
highest (i.e. the concentration of extracellular glu-
cose leading to half-maximal phosphorylation (or
the inflection point) does not change appreciably).
This is important, because the crucial design of the
glucose sensing by beta cells is the dramatic depen-
dency of phosphorylation on glucose in its physio-
logic range. So even if GLUTL1 had a low capacity,
from a purely kinetic perspective, transport and
phosphorylation could work in concert as a glucose
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sensor that converts the extracellular glucose signal
into an intracellular one in the form of the rate of
phosphorylation. On the other hand, the absolute
sensitivity of phosphorylation to transport capacity
decreases, so that how much transport is needed is
governed by the sensitivity of the metabolic coupling
factors.

There is a large gain in the conversion of the phos-
phorylation signal to the secretion of insulin. A
change from 5 to 7 mmol/l glucose (40%) can lead
to a 10-fold increase in insulin secretion. By relating
the rate of insulin secretion with the phosphate po-
tential (ATP/ADP) using a Hill equation with a Hill
number of 30, the simulated rate of insulin secretion
resembles a threshold effect that triggers at a phos-
phorylation rate of about 0.15 umol Cmin™* [y and
has a very high gain. This equation, though empirical,
fits insulin secretion data from isolated perifused is-
lets [13] and can illustrate some conceptual points.
The top curves of Figure 5A and B were generated
from the model and show the rates of insulin secre-
tion that correspond to phosphorylation at the differ-
ent rates of transport. At a constant gain for the met-
abolic coupling factor, a lowering of the transport
rate leads to a dramatic decrease in the rate of insulin
secretion. At transport rates over 32, the shape of the
glucose insulin secretion curve has the characteristics
of a normal response. So in the absence of compensa-
tory changes in the post-metabolic events, a transport
capacity below that would lead to drastic impairment
in insulin release. However, since the phosphoryla-
tion curves retain their sensitivity between 5 and
10 mmol/l glucose, an increase in the gain of the
post-metabolic response could normalize the insulin
secretion response. The point here is that the limits
at which transport is too low for proper glucose sens-
ing may be governed by the sensitivity of post-meta-
bolic coupling and the ability to compensate by up-
regulating the gain.

Dominant role of glucokinase in glucose sensing

We have previously demonstrated the high control
strength of glucokinase in the control of the rate of
glycolysis based on the known kinetic characteristics
of transport, glucokinase and glycolysis [12, 13]. As
we have pointed out, there may be interactions be-
tween GLUT?2 and other factors, most notably glu-
cokinase, that govern beta-cell metabolism in ways
that were not considered. However, if our hypothesis
of a high capacity transporter (relative to glucoki-
nase) is correct, then the sensitivity of glucose metab-
olism to transport will be low. It is this feature that re-
sults in the relatively small effect of transport affinity
and asymmetry on the rate of phosphorylation. To re-
iterate, the phosphorylation rate was simulated at
two different S, ss for glucokinase, for both GLUT1
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and GLUT?2 (Fig.6). Below 10 mmol/l glucose, at a
ratio of V., for equilibrium exchange to V,,,, of glu-
cokinase of 40, there is no difference between the
phosphorylation rates for the two transporters. In
contrast, changing the S, of glucokinase from 5 to
10 mmol/l results in a rightward shift in the dose-
response curve. At higher glucose concentrations,
GLUT2 becomes more efficient, suggesting that a
beta cell that uses GLUT1 may be more susceptible
to impaired glucose sensing at high levels of glucose.
Thus, it is the characteristics of glucokinase that de-
termine the dose-response curve.

Implications for non-insulin-dependent diabetes
mellitus (NIDDM)

Although a number of studies have shown that a loss
of GLUT?2 is correlated with NIDDM, the kinetic
analysis here does not support the notion that losses
of GLUT?2 can lead to impaired glucose sensing by
the islets unless there is a drastic reduction in capacity
or affinity. This study and previous analyses [12, 13]
have shown that a more than 90 %o decrease in capac-
ity and a 10-fold increase in affinity parameter would
have to occur to cause a significant decrease in insulin
secretion. Therefore, given the low control strength
of this step in the transduction pathway of the glucose
signal, it is more likely that other steps in glycolysis
and the post-metabolic events play a role in the
pathogenesis of NIDDM. In part it is the insensitivity
of glucose metabolism to glucose transport that could
allow for the substitution of a transporter with a
much different affinity and properties, GLUTL, with-
out changing the glucose sensing characteristics of
the beta cell.
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These conclusions are based on a kinetic analysis
of the established mechanisms by which transport
and phosphorylation are carried out. Nonetheless,
there are some findings that have not been explained
on a mechanistic level that we did not address. For in-
stance, there may be a link between GLUT2 expres-
sion and the expression of glucokinase [3]; also, the
factors that regulate protein levels of GLUT1 and
GLUT2 are not understood. If it turns out that
GLUT2 has a unigue interaction with glucokinase,
or GLUTL1 is not maintained at high capacity due to
differences in the regulation of its synthesis and deg-
radation, then GLUT2 may indeed be a prerequisite
for proper functioning of glucose sensing. However,
the results of De Vos et al. [2], if correct, indicate
that this is not the case, which is supported by kinetic
analysis.

Conclusions

The traditional view of the role of GLUT?2 in glucose
sensing by the pancreatic beta cell is that it must serve
to nearly equilibrate the intra- and extra-cellular glu-
cose concentrations so that glucokinase can act to
convert the glucose concentration into a phosphory-
lation signal. From a purely Kinetic point of view
however, the results of this simulation analysis indi-
cate that GLUT?2 is not a necessary component of
the glucose sensing apparatus and that GLUT1 could
perform the same function. The salient kinetic prop-
erties of GLUTY, its high affinity relative to that of
glucokinase and its asymmetry that does not favour
transport into the cell, are actually characteristics
that make its ability to equilibrate glucose less effi-
cient. However, a sufficiently high capacity of
GLUTL1 relative to glucokinase will override this.
Note that since both GLUT1 and GLUT2 would op-
erate bidirectionally in the beta cell, the maximal ac-
tivities obtained from zero trans experiments cannot
be directly compared to the rate of glucokinase, since
the physiologic situation is more closely related to
equilibrium exchange conditions. If there is an abso-
lute requirement for GLUT2, it may be in the way
protein levels are regulated at the level of gene ex-
pression and protein degradation and its possible reg-
ulation of glucokinase. It is important to realize that
the reason that the requirements for transport kinet-
ics are not so stringent, is that transport does not
have a high control strength on rates of glycolysis.
Thus, it is the low affinity of glucokinase that allows
phosphorylation to be sensitive to changes in glucose
in the physiologic range, not the low affinity of trans-
port.

On a parting note, it must not be overlooked that
virtually all of the theories explaining glucose sensing
by the pancreatic beta cell come from rat and mouse
studies, with a few confirmatory experiments in man.
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It would be very interesting, for instance, to know
whether these theories would apply to birds, lizards
and snakes, whose fasting glucose levels are above
10 mmol/l [16]. If certain aspects of glucose sensing
are conserved across species, this may indicate which
steps are essential for function. On the other hand,
nature may have derived more than one mechanism
for sensing.
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