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Summary. The incorporation of extracellular orthophosphate-32P into cellu-
lar ATP, 2,3-diphosphoglyceric acid, and inorganic phosphate has been mea-
sured over a period of 6 hours in vitro in red blood cells from normal subjects
and from patients with hereditary spherocytosis who had undergone splenec-
tomy. The pattern of labeling of the intracellular compounds was found to be
the same in both types of red blood cells, as reported by other workers using
much shorter periods of incubation. In addition, in the present study it was
possible to compare the net flux of extracellular phosphate into ATP between
the two groups of erythrocytes. These latter results suggest that the actual
turnover rate of ATP was not abnormal in these patients with hereditary
spherocytosis.

Introduction

Two current views of the primary defect in the
red blood cells of patients with hereditary sphero-
cytosis (HS RBC) invoke an abnormality in the
cellular membrane (1-3). One of these views
(2, 3) postulates a structural defect that leads to
premature loss of membrane material and a reduc-
tion of the critical hemolytic volume of the RBC.
This view is an extension of the proposal originally
made by Selwyn and Dacie (4). The other cur-
rent view (1) stresses the importance of swelling
and colloid osmotic lysis of the RBCas the hemo-
lytic mechanism. According to this latter view, the
effect of greater permeability of the membrane to
cations in HS RBC is partially compensated for
by an increased rate of active cation transport;
this is thought to result in a substantially greater
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rate of glycolysis and turnover of ATP in these
erythrocytes. It has also been suggested in the
past (5, 6) that the production of ATP is de-
creased in HS RBC. The purpose of the present
study is to evaluate further the actual turnover
of ATP phosphorus in normal and HS erythro-
cytes in view of these conflicting proposals.

Previous studies of glycolysis in HS RBChave
included the following: measurements of the level
of glycolytic intermediates and nucleotides in the
fresh RBC (7-11), rates of glucose utilization,
lactate production and changes in concentrations
of ATP and glycolytic intermediates under various
in vitro conditions (4, 8, 10-12), the activities of
various enzymes in the Embden-Meyerhof Path-
way and hexose-monophosphate shunt (13), and,
finally, measurements of the incorporation of or-
thophosphate-32P into phosphorylated compounds
involved in the energy metabolism of the RBC
(5-7, 9, 10, 14). Most, but not all, of these stud-
ies suggest that glycolysis in HS RBC does not
differ substantially from normal.

Prankerd, Altman, and Young (5), using tech-
nics available in 1953 and 54, studied the incor-
poration of extracellular inorganic 32p into cellu-
lar ATP, inorganic phosphate (Pi), and 2,3-di-
phosphoglyceric acid (2,3-DPG) in HS RBC.
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The process was investigated serially over 6 hours
in vitro. Results obtained suggested that the par-
titioning of 32p among ATP, 2,3-DPG, and Pi was
abnormal in HS RBCand that this might reflect
some defect in glycolysis in these cells. Motulsky,
Gabrio, Burkhardt, and Finch (6), using similar
technics, seemed to confirm this finding.

Subsequently, Shafer (7, 14), in a careful study
using the newer ion exchange column chromatog-
raphy, was unable to find any abnormality in the
pattern of labeling of the phosphorylated glycolytic
intermediates in HS RBCafter 5 minutes of in-
cubation with 32p. Zipursky, Mayman, and
Israels (9), using a 2-minute exposure to 32p, and
Keitt (10), using an incubation of 15 minutes with
the isotope, also were unable to demonstrate a
difference in the pattern of labeling when com-
paring HS and normal RBC. The longer period
of incubation used by Prankerd and associates has
not been tested again, however.

In all of the above studies, only the pattern of
labeling of the compounds within each experiment
was determined. Prankerd and associates and
Zipursky and co-workers presented the actual
specific activities obtained but pointed out the
wide variability that existed from experiment to
experiment. To facilitate comparison of the pat-
terns, Shafer chose the specific activity of 2,3-DPG
and Keitt that of ATP as unity in presenting re-
sults in each experiment. In these studies, there-
fore, it was not possible to compare the absolute
net flux of 32p into ATP in HS and normal RBC.
Thus, estimates of the actual turnover rate of ATP
phosphorus in the two kinds of RBCcould not be
made from these results.

In the present study, the incorporation of ex-
tracellular orthophosphate-32P into ATP, 2,3-
DPG, and Pi of HS and normal RBChas again
been studied serially over 6 hours. Ion exchange
column chromatography has been used to isolate
the compounds studied. In addition, the actual
specific activity of extracellular Pi has been de-
termined at each point. With this value it has
been possible to compare the actual fluxes of phos-
phate into ATP in HS and normal RBC. These
fluxes are directly proportional to the actual turn-
over rate of ATP. The results indicate that the
pattern.of labeling is normal in HS RBC even
when studied over 6 hours; more importantly,
the results provide no evidence for an altered rate

of ATP turnover in HS RBCcompared with nor-
mal cells.

Methods

Five patients with HS who had undergone splenectomy
from 13 to 20 years before the study were used as ex-
perimental subj ects. All had been included as splenec-
tomized patients in the study reported by Prankerd and
associates (5). The diagnosis was established in each
by evidence of spherocytosis in stained smears of periph-
eral blood, the characteristic patterns of autohemolysis
and osmotic fragility, the expected genetic pattern of
transmission, the presence of an enlarged spleen at opera-
tion with an abundance of red cells in the splenic pulp,
and the correction of the hemolytic anemia after splenec-
tomy. Hematocrits ranged from 38 to 44%o, and reticu-
locyte counts were 3%o or less in all patients at the time
of this study. Hematologically normal donors were used
as controls.

Blood was collected from the subjects into Na2EDTA
(1.25 mg per ml blood). Sterile techniques and glass-
ware were used throughout. The blood was centrifuged
at 2,000 X g for 15 minutes, the plasma was removed and
saved, and the buffy coat was removed as completely as
possible. The packed RBCwere then resuspended in their
plasma (at a hematocrit of 35 to 40%o), to which suffi-
cient glucose had been added to achieve a final concen-
tration of approximately 12 ,moles per ml whole blood,
and to which orthophosphate-3P had been added in an
amount to provide approximately 10 ,uc radioactivity per
ml whole blood. After mixing, a sample was taken and
immediately centrifuged at 2,000 X g for 15 minutes; this
constituted the time zero or "pre" sample. The centri-
fugation of the blood was initiated within 1 minute of the
time of exposure of the RBC to the plasma that con-
tained orthophosphate-3P. All of the above manipulations
were carried out at 40 C.

Incubations of the blood were carried out in poly-
ethylene flasks at 37° C with agitation in a Dubnoff
metabolic shaker. Separate portions were incubated for
30 minutes and 1, 2, 4, and 6 hours. At the end of each
period, samples were taken for determination of total
hemoglobin, hematocrit, and RBC count; the latter de-
termination was performed by a model B Coulter counter.
The blood was then centrifuged at 2,000 X g for 15 min-
utes, the plasma was removed, and the RBCwere washed
three times with 0.17 M NaCl; the buffy coat was re-
moved after each centrifugation. After the final wash-
ing, the RBCwere suspended in 0.17 M NaCl to achieve
a hematocrit of about 40%o. All of the above procedures
were carried out at 40 C. Extraction of the washed RBC
with trichloroacetic acid and chromatography of the neu-
tralized extract on Dowex 1-X8 chloride resin were car-
ried out essentially as described by Bartlett (15, 16).
The neutral trichloroacetic acid extract was diluted with
water, usually to 200 ml, to reduce the concentration of
the suspending NaCl solution in the extract to 0.001
mole per L or less before it was applied to the column.
This initial 200-ml fraction was collected and analyzed;
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it contained no phosphorus, adenine, or radioactivity.
The composition and volume of the eluting solvents and
the results of the chromatography in a typical sample
are shown in Figure 1. Cellular Pi was isolated by
rechromatography on activated charcoal of the pooled
fraction eluted with 0.01 N HCO from the Dowex 1-X8
chloride column, as described by Bartlett (17). ATP
was identified by its elution position and by the adenine
to phosphorus ratio of 1: 3 in the 0.5 M NH4Cl fraction.
2,3-DPG was identified by its elution position.

Radioactivity was measured with a low background,
thin window gas flow counting system.' Sufficient counts
were accumulated in each case so that the standard er-
ror of the net counting rate was 1%o or less.

The peak tubes eluted from the Dowex 1-X8 chloride
column with 0.003 N HCl had an adenine to phosphorus
ratio of 1:1 (Figure 1). This was considered to be

1 Model C110-B, Nuclear-Chicago Corp., Des Plaines,
Ill.

w
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adenosine monophosphate (AMP). We calculated the
specific activities of ATP reported here by assuming that
the two terminal phosphates were equally labeled and
that the first phosphate had the specific activity of AMP
phosphorus. In fact, this result differed little from the
usual mode of assuming that the first phosphate of ATP
is unlabeled, since the specific activity of AMP phos-
phorus was essentially zero during the first 4 hours of
incubation. In 2,3-DPG, the radioactivity was assumed
to be equally divided between the two phosphates, as
shown most definitely by Shafer (7).

Calculation of the net flux of extracellular phosphate
into the cellular compounds requires the isolation of the
actual precursor extracellular phosphate and the deter-
mination of its specific activity. In the present instance,
this compound is the diffusible inorganic phosphate of the
plasma. We isolated this phosphate, therefore, by pre-
paring an ultrafiltrate of the plasma with the Toribara
apparatus (18) for each sample.

1250 5C DI 750DC 1000 1250

| 0.003 N HCL ODIN HCL 0.02 N HCL | QlM NH4CL|

MILLILITERS THROUGHCOLUMN

FIG. 1. DOWEX1- X 8 CHLORIDE SEPARATIONOF PHOSPHATECOMPOUNDSFROM 1.6 ML OF ERYTHROCYTESFROMA

PATIENT WITH HEREDITARYSPHEROCYTOSIS(HS RBC). The neutral trichloroacetic acid extract was run through a
1.4- X 14-cm column of Dowex 1- X 8 chloride (200 to 400 wet mesh), and the absorbed compounds were eluted
with the indicated eluents in 20-ml fractions at approximately 5 ml per minute. The values in the 2,3-diphospho-
glyceric acid (2,3-DPG) peak, which is not shown, were 0.18, 0.19 and 0.10 /mole P per ml eluate at eluent vol-
umes of 1,600, 1,620 and 1,640 ml, respectively. Solid line with solid circles = total P per milliliter eluate; dashed
line = adenine (D, 260 mju) per milliliter eluate. IP = inorganic phosphate; MP= monophosphate.
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TABLE I

RSA of erythrocyte phosphate compounds during in vitro incubation with 32p
in five normal subjects and five patients with HS*

ATP Pi 2,3-DPG
Incubation

time Normal HS Normal HS Normal HS

hours
4.2 3.5 4.0 2.8 0.9 1.0

(3.1- 5.I)t (2.9- 4.4) (2.3-5.1) (2.2-4.2) (0.9-1.0) (0.9-1.2)
1 5.6 5.2 3.4 3.2 2.1 2.3

(4.5- 6.6) (4.1- 6.5) (2.5-3.9) (1.8-5.6) (1.9-2.5) (1.9-2.9)
2 7.5 6.2 5.6 4.1 4.5 4.4

(6.0- 9.3) (4.6- 7.9) (4.4-7.7) (2.1-5.7) (3.6-5.3) (3.7-5.2)
4 9.3 8.7 7.5 5.8 7.2 6.6

(8.1-11.1) (6.6-10.7) (6.9-8.0) (3.6-7.1) (6.0-8.9) (5.2-8.2)
6 9.5 9.5 7.9 6.8 8.2 7.9

(7.6-11.3) (7.0-12.2) (6.8-9.8) (4.7-9.1) (7.2-8.9) (6.1-9.7)
* Abbreviations: RSA = relative specific activity; HS = hereditary spherocytosis; Pi = inorganic phosphorus;

2,3-DPG = 2,3-diphosphoglyceric acid. See text for definition and calculation of RSA as a per cent.
t Mean values, ranges in parentheses.

The incorporation of radioactivity into the cellular
compounds is reported as their "relative specific ac-
tivity" (RSA).2 We obtained this value as a per cent
by dividing the specific activity of the cellular compound
by that of the corresponding plasma ultrafilterable phos-
phorus at time zero and multiplying the resulting quotient
by 100.

RSA = SAct, X 100, [l]

where cti = cellular compound at any time from zero to
6 hours, and

ptD = plasma ultrafilterable phosphate at time zero.

The specific activity of the plasma ultrafilterable phos-
phorus at time zero gives the exact measure of the con-
centration of radioactive phosphorus at the start; its use
for determining the RSA of the compounds studied al-
lows a precise comparison to be made of the plasma
radioactivity incorporated intracellularly in each experi-
ment. In addition, the RSA as used here gives a mea-
sure of the net accumulation, or flux, of plasma phos-
phate in the cellular compounds. Thus, the RSA of 9.5%
in HS and nomal RBCATP found at 6 hours (Table I)
means that 9.5% of the phosphorus present in the two
terminal phosphates is phosphorus that was originally
present in the plasma at time zero. The RSA of the
cellular compounds at time zero were measured and were
uniformly less than 0.05%.

Autohemolysis was determined by the method of Young,
Izzo, Altman, and Swisher (19), and was less than 1.5%

2 There is no generally accepted definition of "rela-
tive specific activity"; it is used in a variety of ways by
various authors to indicate that the specific activity of a
given compound is being compared to the specific ac-
tivity of another compound or with the amount of radio-
activity in a given system. The exact meaning, thus,
varies from study to study.

in each instance at 6 hours. Glucose utilization was de-
termined over 4 hours in both types of RBCwith a modi-
fication of the anthrone method (15). The concentra-
tion of erythrocyte ATP was determined by an enzymatic
method (20) that utilized the conversion of 3-phospho-
glycerate to 1,3-diphosphoglycerate in the presence of
ATP and the subsequent formation of glyceraldehyde
3-phosphate and Pi with the oxidation of NADH to
NAD.8

The effects of the centrifugations and washing proce-
dures used in this study on erythrocyte ATP were stud-
ied in four normal subjects. The concentration of ATP,
expressed in micromoles per milliliter RBC, in whole
fresh blood was (mean and range) 1.46 (1.37 to 1.56).
After a single centrifugation with removal of the buffy
coat and resuspension of the cells in their own plasma
(the treatment given the "pre" samples), the concentra-
tion was 1.39 (1.32 to 1.55); after samples of the same
cells had been washed three times in 0.17 M NaCl (as
done before trichloroacetic acid extraction), the concen-
tration was 1.43 (1.31 to 1.52). It can be seen that three
washings in saline at 4° C cause no decrease in the amount
of cellular ATP. The small decrease found between
whole blood and the centrifuged RBCmay be due to the
removal of the buffy coat.

Blood pH was measured with a model G Beckman pH
meter. Probabilities were calculated by using Student's
t test.

Results

Figure 2 shows the pattern of incorporation of
extracellular inorganic 32p observed in a repre-
sentative sample of HSand normal RBC; this pat-

3 The reagents for this determination were obtained in
kit form from Calbiochem, Los Angeles, Calif.
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Solid circles and dashed line =plasma ultrafilterable in-
organic phosphate (Pi); solid circles and solid line =

cellular ATP; open circles and dashed line = cellular Pi;
X's and solid line = cellular 2,3-DPG.

tern is the same in the two kinds of RBC, even over
6 hours. The rate of incorporation is rapid over
the first hour, but even at 6 hours the specific ac-
tivities of the cellular compounds are still increas-
ing and are less than the specific activity of the
ultimate precursor, extracellular phosphate.

Table I summarizes the results of the intracellu-
lar RSA in all of the subjects. It can be seen that
2,3-DPG is labeled more slowly than the other
compounds. In both kinds of RBC, the RSA of
ATP exceeds that of Pi at every point.

Figure 3 compares the RSAof ATP of normal
and HS RBC. The means + 2 SE coincide so
closely that it is clear there is no difference between
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FIG. 3. COMPARISONOF THE RSA OF ERYTHROCYTE

ATP IN FIVE NORMALSUBJECTS AND FIVE PATIENTS WITH

HS DURING INCUBATION WITH 'P. The ordinate has been
compressed logarithmically. Solid line with X's=mean
± 2 SE for normal subjects; bracketed solid circles =
mean ± 2 SE for HS patients.

the two groups of RBCin this respect. Since the
RSA of the extracellular diffusible phosphate is
consistently higher than that of ATP, a signifi-
cantly greater net flux of plasma phosphate into
HS ATP (reflecting a greater turnover rate)
would have been manifested by a significant in-
crease in the RSA of this compound, at least at
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HSDURING INCUBATION WITH 'P. The ordinate has been
compressed logarithmically. Symbols are as in Figure 3.
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TABLE II

Erythrocyte ATP, blood pH, and MCVin normal and HSRBCincubated for 6 hours with glucose*

ATP pH MCV

Normal HS Normal HS Normal HS
Sample (n = 7) (n = 4) (n = 7) (n = 5) (n = 7) (n = 4)

jumoles/ml RBC JA/cell
"Pre" 1.43 1.44 7.66 7.60 100 95

(1.32-1.56)t (1.27-1.52) (7.52-7.85) (7.52-7.85) (94-104) (89-101)
6-Hour 1.25 1.24 7.61 7.45 98 93

(1.03-1.37) (1.11-1.38) (7.40-7.71) (7.40-7.70) (94-102) (85- 99)

* Abbreviations: MCV= mean corpuscular volume; RBC= erythrocytes.
t Mean values, range in parentheses.

some point. This assumes that the size of the ATP
pool is the same in both kinds of RBC. As will be
discussed below, this has been found to be the case
in this and other studies (7-12).

Figure 4 shows the results of a similar compari-
son of the RSA of 2,3-DPG in the two kinds of
cells. Again, no difference exists between the two
kinds of erythrocytes.

Table II shows the values obtained for erythro-
cyte ATP concentration, pH, and mean corpuscu-
lar volume (MCV) under the circumstances of
this study. The size of the ATP pool is the same
in both types of erythrocytes. There was a modest
decrease in the ATP content (about 13%) at the
end of the 6-hour period in both groups.

The means + 1 SE for glucose utilization (mi-
cromoles per milliliter RBC per hour), studied
over 4 hours, were 2.24 ± 0.04, n = 7, in normal
cells and 2.57 + 0.12, n = 4, in HS erythrocytes.
The difference between the two groups is signifi-
cant (p < 0.05) but relatively small; the mean
value in the normal RBCis 87%v of the rate in HS
erythrocytes. If glucose utilization is calculated
on a per cell basis, which takes into account the
MCVof 100 in normal cells and 95 in HS RBC
(Table II), the difference between the two groups
is smaller; the normal value becomes 92% of the
HS rate and 0.1 < p < 0.05. The residual glu-
cose concentration ranged from 5 to 8 ,umoles per
ml blood.

Discussion

The following four primary technics are pres-
ently used to evaluate over-all erythrocyte glucose
metabolism through the Embden-Meyerhof path-
way in normal and pathological RBC: 1) estima-
tion of the rate of ATP phosphorus turnover with

the use of 32P (as in the present study); 2) mea-
surement of ATP content in fresh erythrocytes
and the stability of ATP content in incubated
RBC; 3) in vitro measurement of the rate of glu-
cose utilization and lactic acid production; 4) de-
termination of erythrocyte enzymatic activities for
the various reactions of glycolysis, and the de-
tection of abnormally high concentrations of gly-
colytic intermediates that reult from enzymatic
blocks in the glycolytic sequence. In the findings
presented here, the first three of the above methods
have been used.

Estimation of the turnover rate of ATP phos-
phorus. According to the over-all glycolytic equa-
tion, inorganic phosphate is introduced into ATP
in the following combined steps: 4

glyceraldehyde 3-phosphate + Pi + ADP
+ NAD-- 3-phosphoglyceric acid

+ NADH+ ATP. [2]

In the present study, the specific activity of ATP
exceeded that of Pi at every point, although the
difference was not large. Bartlett (22), Gerlach,
Fleckenstein, and Gross (23), and Tatibana, Miya-
moto, Odaka, and Nakao (24) have shown previ-
ously that this is the case from time zero to 30

4The phosphorylation of ADP in the step 2-phospho-
enolypyruvate + ADP -> pyruvic acid + ATP involves a
phosphate radical introduced originally from ATP itself,
either in the hexokinase reaction or in the phosphorylation
of fructose 6-phosphate to fructose 1,6-diphosphate. The
phosphorolysis of inosine by inorganic phosphate to pro-
duce hypoxanthine and ribose 1-phosphate and the subse-
quent metabolism of the latter compound may, in theory,
provide another mode of entry for inorganic phosphate
into the adenylate pool; this pathway may be disregarded
as quantitatively insignificant unless nucleosides are
specifically provided as substrates (21).
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minutes in labeling experiments of the sort de-
scribed here. Since the specific activity of a prod-
uct cannot continually exceed that of its precursor,
these authors have indicated that intracellular Pi
cannot be the Pi in reaction 2.

Bartlett (22) has suggested that reaction 2 oc-
curs as an intramembrane event and that Pi is
extracellular phosphate itself. This would account
for the fact that the specific activity of the beta and
gammaphosphates of ATP exceeds that of cellu-
lar Pi, since the specific activity of the extra-
cellular phosphate remains considerably higher
than that of the cellular compounds for some time
(Figure 2). Support for this view has been pro-
vided by Schauer and Hillmann (25), who have
isolated a phosphate-acceptor complex from the
membranes of erythrocytes that, in labeling ex-
periments, achieved a specific activity which was
much higher than that of ATP and which approxi-
mated that of extracellular phosphate. Additional
evidence is given in the work of Schrier (26, 27),
who found substantial activities of glyceraldehyde
phosphate dehydrogenase and phosphoglycerate
kinase (the enzymes mediating reaction 2) in he-
moglobin-free erythrocyte membranes. The point,
however, is not entirely settled, and a direct cal-
culation of the turnover rate of ATP phosphorus
from the present results is not, therefore, com-
pletely warranted. In any case, under steady
state conditions of the glycolytic chemical reac-
tions, the net flux of extracellular phosphate into
ATP will be closely related to the actual turn-
over of this phosphorus in both types of erythro-
cytes. Any increase or decrease in the turnover
of ATP phosphate would, thus, have been re-
flected by a corresponding change in the RSA of
this compound over the time course used in the
present study. The data given in Table I and
Figure 3 show that the RSA of HS ATP is vir-
tually identical to that found in the normal cells.
These results strongly suggest, therefore, that the
turnover rate of ATP phosphorus in HS eryth-
rocytes is neither increased nor decreased.

It should be mentioned, however, that the turn-
over of ATP phosphorus may not coincide exactly
with the rate of net synthesis of this compound.
DeVerdier (28), for example, has suggested that
in erythrocyte hemolyzates reaction 2 may also
mediate the direct exchange of Pi and ATP phos-
phorus. (There are, however, several serious ob-

stacles to accepting this author's conclusion; one
of these is his failure to provide direct evidence
that ADP was in fact absent from the test
systems.) There is no reason to suppose that
such an exchange, if it occurred, would differ
substantially in normal and HS erythrocytes.
Nonetheless, modest differences in the glycolytic
turnover of ATP might be concealed by such a
process. For this reason and because the number
of patients studied was not large, the present re-
sults would not exclude the possibility that the
net turnover of ATP differed by about 10%o or
less in the two kinds of erythrocytes.

Level and stability of ATP. In the present
study, a normal level of ATP was found in the
fresh erythrocytes of the four patients with HS
studied; such normal levels have also been found
by all other workers (7-12). After 6 hours of
incubation with adequate glucose, there was a small
and equal decrease of ATP in both types of cells.
In the presence of sufficient substrate, normal
ATP stability in HS erythrocytes has also been
found in other studies (10-12, 29). Mohler (11),
however, has indicated that, in the absence of glu-
cose, ATP is depleted more rapidly in HS RBC
than in normal cells and that the depletion is mini-
mized in the presence of ouabain. He suggested
that this finding reflects a greater rate of ATP
turnover and catabolism in HS RBC, which re-
sults from increased active cation transport. The
latter effect has been attributed to a greater perme-
ability to Na ions, which has been postulated to
exist in HS erythrocytes (1, 30, 31). The pres-
ent results do not support the view that the turn-
over of ATP is increased in HS RBCand, as indi-
cated by Mohler, some reservations about his in-
terpretation are warranted because the rate of ATP
depletion in his studies was greater in HS RBC
only during the first hour of a 3-hour period.

Glucose utilization. A consistent, but small, dif-
ference was found in the rate of glucose utilization
between the two types of erythrocytes in this
study. The difference between the means of the
two groups was less than 10% when glucose utili-
zation per cell was calculated. A slight elevation
of the reticulocyte count (2 to 3%) was also
present in the patients. The small difference
found in glucose utilization may, therefore, re-
flect in part the slightly younger mean age of the
red 'blood cells in the patients with HS.
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Dunn and his associates (8) found a normal
rate of erythrocyte glucose utilization and lactic
acid production in six splenectomized patients
with HS who had normal reticulocyte counts.
Selwyn and Dacie (4) have reported that the rate
of glucose utilization and lactic acid production is
normal in the nonreticulocytes of patients with
HS whether or not splenectomy has been per-

formed.
Jacob and Jandl (1), on the other hand, have

suggested that glucose utilization in HS RBC
from splenectomized patients may be increased
over the normal rate by as much as 35 %. The
high initial glucose concentration used in these
studies (0.022 M glucose added) would work to
make the fractional change in the ambient glucose
concentration quite small over 4 hours and, there-
fore, make a precise estimation of the rate of glu-
cose utilization somewhat difficult. In addition,
the majority of these studies were carried out in
the presence of 40 mMphosphate buffer. These
differences in experimental conditions may account
in part for the quantitative discrepancy between
the findings of Jacob and Jandl and the present
results.

Mohler (11) has also suggested that the rate of
glucose utilization is significantly increased in HS
RBC from patients with normal reticulocyte
counts. However, in this work, the experimental
circumstances were such that the rate of erythro-
cyte glucose utilization was considerably lower
than that found in the present and other studies
(8, 15, 32, 33). It is, therefore, difficult to com-

pare Mohler's findings with our own.

As mentioned previously, the actual concen-

trations of glycolytic intermediates have consist-
ently been found to be normal (7-12) in HS RBC.
The rates of those individual reactions of the gly-
colytic sequence that can be measured have also
been found to be normal in these erythrocytes (8,
13).

The present results suggest that the turnover
rate of ATP in HS RBC is identical to that in
normal cells, and they exclude the possibility that
such turnover differs by much more than 10%o
from the normal rate. The results are, thus, in
agreement with the majority of the previous stud-
ies cited above, which have been carried out to
assess the level of energy metabolism in HS RBC.
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