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SUMMARY : Erythrocytes of individuals with increased (+ 50%) or reduced
(-35%) hexokinase activity contain respectively 70 and 17 nmole/ml
RBC of glucose-6-phosphate (normal concentration 30 * S5nmole/ml RBC)
and show comparable rates of the HMP (60*5nmole/hr/ml RBC). Similarly,
in RBC of different ages, obtained by density gradient ultracentrifugatioﬁ,
the glucose-6-phosphate concentration range from 57 (young cells) to
18 (old cells) nmole/ml RBC but the rate at which glucose is utilized
in the HMP is unchanged. These data exclude a regulatory role of glucose
6-phosphate in the HMP even if its concentration is under that required
for maximal G6PD activity.  © 1984 Academic Press, Inc.

The control of the HMP in RBC has been extensively investigated.
It is generally agreed that G6PD catalyzes the rate limiting step in
this pathway and that regulation occurs by control of G6PD activity.
In fact, in restiﬁg cells the enzyme is markedly inhibited by NADPH
(1-3) and both substrates, glucose 6-phosphate and NADP, are well below
saturating levels explaining the very low HMP activity (4). These conside-—
rations come from studies of G6PD and have been confirmed, at least
in part (5), by studies on intact erythrocytes where the NADP/NADPH
ratio can be easily altered by oxidative agents (6). In contrast, no
information 1is avaible on the consequences of possible physiological
changes in the concentration of glucose-6-phosphate.

In the present study we have evaluated the role of glucose 6-phosphate
as a modulator of the HMP. RBC with increased (trisomy 10p) or reduced
(enzyme deficiency) hexokinase activity, and in turn glucose 6-phosphate

levels, provide a useful model to investigate this problem. Furthermore

ABBREVIATIONS: RBC, Red blood cells; HMP, hexose monophosphate pathway;
GE6PD, glucose 6-phosphate dehydrogenase, Hb, hemoglobin.
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similar results have also been obtained on RBC of different ages prepared
from normal individuals. The main conclusion that can be drawn from
this study is that no modulation of HMP is observed changing the concentra-
tion of glucose 6-phosphate from 17 to 70 nmole/ml RBC and that probably
only the NADP/NADPH ratio is responsible for HMP activity in the erythro-

cytes of normal individuals.

MATERIALS AND METHODS

Enzymes, substrates and coenzymes were obtained from Sigma Chem.
Co. D—[}—140:]—glucose (58 mCi/mmol) was obtained from the Radiochemical
Centre, Amersham, U.K., Ficoll was from Pharmacia, Uppsala, Sweden,
and Triosil from Nyegaard, Oslo, Norway. All other reagents were obtained
from Merck, F.R.G.

Human blood samples were obtained in heparin from a patient with
trisomy 10p whose detailed cytogenetic and biochemical data have been
previously reported (7) and from two subjects, heterozygous for hexokinase
deficiency, that will be described in detail elsewhere (Magnani et
al. Blood, submitted for publication). As control blood was also obtained
from ten normal subjects.

Enzymes and glucose 6-phosphate were determined by the Beutler methods
(8) and glucose utilization in the HMP by measurement of 14C 0 production
using I__l—14Cj —glucose as previously described (7).

Red blood cells were separated into fractions of different mean
age by ultracentrifugation through a density gradient of Ficoll-Triosil
layers as previously reported (9). After centrifugation the red cells
were separated into six fractions representing erythrocytes of increasing
density (age).

RESULTS

HMP in erythrocytes with different hexokinase levels

Erythrocytes of individuals carryng a trisomy 10p contain an increased
amount of hexokinase being its gene locus on chromosomes 10 in the
10 p 11.2 region (10). As a consequence the glucose 6-phosphate concentra-—
tion in these cells 1is strongly increased (Table I). By contrast, in
cases of hexokinase deficiency low erythrocyte levels of glucose 6-
phosphate are found. These cells provide a useful model to investigate
the role of glucose 6-phosphate in the control of HMP rate. The results
we have obtained are reported in table I. RBC with reduced hexokinase
activity were obtained from individuals heterozygous for the defect
and not from homozygous patients since these are severely anemic and

with high reticulocyte counts.
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Table I - HMP in human erythrocytes with different levels of glucose 6-phosphate

Hexokinase G6PD Glucose 6-phosphate HMP
(U/gHb) (U/gHb) (nmole/ml RBC) (nmole/hr/ml RBC)
Trisomy 10p 1.50 9.0 70 60
Hexokinase deficiency 0.67 8.38 16.7 69
Normal controls 0.98%0.16 8.5%2.5 217 6017

HMP in erythrocytes of different ages

RBC from normal subjects fractionated by ultracentrifugation into
six fractions of different mean age and with different levels of glucose-
6-phosphate show the same HMP rate (Table II ). G6PD activity in these

cells ranges from 18 U/g Hb in fraction 1 to 6 U/gHb in fraction 6.

DISCUSSION

G6PD catalyzes the rate-limiting reaction in the HMP. The Km for
glucose 6-phosphate of this enzyme is in the 50-70 pM range* (4) so
that physiologic concentrations of the substrate (about 30 puM) are
below the level required *to saturate +the enzyme. Furthermore, ATP,

at physiologic concentrations, is a competitive inhibitor of GE6PD with

Table II - HMP in erythrocytes of different ages

F . Glucose 6-phosphate HMP
raction n°®
{nmol/ml RBC) (nmol/hr/ml RBC)

1 57 £ 5 62 = 4

2 25 ¥ 3 60 X 4

3 23t 6213

4 22 3 60 * 3

5 18 1 61 £ s

Fractions from 1 to 5 represent RBC of increasing density (age) obtained by
ultracentrifugation on discontinuous Ficoll-Triosil gradients. There were
too few cells in fraction six (not shows) to be utilized for biochemical de-
terminations.
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respect to glucose 6-phosphate (11). On the basis of these facts we
must expect an increase of G6PD activity (and consequently of the HMP)
increasing the cellular concentration of glucose 6-phosphate. The data
we report in this paper show that this is not the case. RBC with glucose
6-phosphate in the range 17 to 70 uM metabolize glucose through the
HMP at similar rates indicating that ~factor(s) other than glucose6 -

phosphate are important in the regulation of HMP under resting conditions.
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