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Abstract
Erythrocytes stored for transfusion are collected from healthy volunteers and stored in 

an additive solution to maintain all necessary metabolites. However, adenosine triphosphate 
(ATP) and 2,3-diphosphoglycerate (2,3-DPG) levels still decline during storage. Previously 
we showed that in erythrocytes stored in our newly developed additive solution phosphate-
adenine-glucose-guanosine-gluconate-mannitol (PAGGGM), both ATP and 2,3-DPG levels are 
maintained for at least 35 days of storage. In the current study we investigated the binding of 
several glycolytic enzymes to the erythrocyte membrane of PAGGGM-stored erythrocytes, as 
it is known that binding to the erythrocyte membrane alters the activity of several glycolytic 
enzymes. Here we show that binding of phosphofructokinase to the erythrocyte membrane 
increases during storage, in contrast to aldolase, GAPDH and pyruvate kinase which either 
remain unchanged or decrease in binding to the erythrocyte membrane. Furthermore, we 
provide evidence that the increased binding of phosphofructokinase is due to chloride depletion  
of the stored erythrocytes induced by PAGGGM, as replacement of gluconate with chloride 
reduces the binding of phosphofrucokinase to the erythrocyte membrane and leads to decreased 
levels of 2,3-DPG.
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Introduction
In the past few decades, several attempts have been made to improve the current additive 

solutions (ASs) used to store erythrocytes for transfusion practices. However, despite these 
efforts, none of these experimental ASs have been implemented as standard blood bank products. 
Moreover, because of our lack of understanding how an AS affects the stored erythrocytes, the 
development of new ASs has been slow.

In a recent study, our group showed that a new experimental additive solution, phosphate-
adenine-glucose-guanosine-gluconate-mannitol (PAGGGM), was able to maintain both 2,3-
DPG and ATP during cold storage of red cell concentrates1-3. PAGGGM contains no chloride 
thereby inducing the chloride shift as proposed by Meryman et al4. By removing chloride from 
the extracellular solution, intracellular chloride will move out of the cell because of the Donnan 
equilibrium. To restore the electrolyte balance, hydroxyl ions will move into the cell, thereby 
increasing the intracellular pH. However, although PAGGGM was able to maintain both ATP 
and 2,3-DPG levels, we observed not under all conditions a difference in intracellular pH 
when compared to the standard AS saline-adenine-glucose-mannitol (SAGM)1-3, suggesting 
other mechanisms. Despite the lack of an increased intracellular pH, the data suggested that 
storage in PAGGGM stimulates phosphofructokinase (PFK) activity, which may explain the 
increased levels of ATP and 2,3-DPG in this additive solution. This is in line with several models 
of glycolysis which predict that an increase in PFK activity will result in increased ATP and 2,3-
DPG levels5,6.

In the current study, we wanted to investigate in more detail how PAGGGM exerts its effect 
on erythrocyte glycolysis. It has previously been shown that increasing chloride concentrations 
directly decreases the binding of PFK to the erythrocyte membrane7. Once PFK binds to the 
erythrocyte membrane, the allosteric inhibition by ATP and 2,3-DPG on the activity of PFK 
is removed, thereby stimulating its glycolytic activity7. As PAGGGM will remove intracellular 
chloride from the stored erythrocytes via the Donan equilibrium, this might increase binding 
of PFK to the erythrocyte membrane. Furthermore, it has been shown that hemoglobin shares 
the binding region of PFK on band 3, thereby affecting the activity of PFK8. Recent studies have 
shown that chloride can directly bind to hemoglobin, thereby altering its conformation and 

increasing its affinity for the band  3 
binding site9. This increased affinity 
will compete with PFK for membrane 
binding and is therefore a negative 
regulator of PFK activity. Thus chloride 
can affect the binding of PFK to the 
erythrocyte membrane in multiple 
ways.

We therefore hypothesized that 
chloride concentrations directly affect 
the glycolysis of stored erythrocytes by 
influencing the binding of glycolytic 
enzymes to the erythrocyte membrane. 
To test this hypothesis, gluconate 

Table 1: Composition of PAGGGM and PAGGSM
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present in PAGGGM was replaced with chloride, thereby preventing the chloride shift. The new 
AS was named phosphate-adenine-glucose-guanosine-saline-mannitol (PAGGSM pH 8.2; see 
table 1 for composition). To exclude donor variation, double erythrocyte units were obtained 
via erythrocytapheresis from healthy volunteers. These double units were split into one unit 
with PAGGSM (pH 8.2) and one unit with PAGGGM as AS and analyzed weekly. In the current 
study we show that units stored in PAGGGM consumed more glucose and were able to maintain 
2,3-diphosphoglycerate (2,3-DPG) for a longer storage time. This difference occurred despite 
a similar intracellular and extracellular pH. We also show that PFK was more bound to the 
membrane of erythrocytes stored in PAGGGM. These results show that chloride can directly 
affect PFK localization and thereby the glycolysis. 

 

Material and methods

Reagents
HiMark™ pre-stained protein standard was from Invitrogen (Pailey, United Kingdom). 

IRDye 680LT conjugated goat anti-rabbit IgG, IRDye 680LT conjugated goat anti-mouse IgG, 
IRDye 800CW conjugated donkey anti-goat IgG and the Odyssey were obtained from Licor 
Biosciences (Lincoln, Nebraska, USA). Goat anti-aldolase was from Polysciences (Eppelheim, 
Germany). Mouse anti-glyceraldehyde-3-phosphate dehydrogenase was obtained from 
Millipore (Billerica, MA, USA). Rabbit anti-phosphofructokinase and mouse anti-actin were 
from Sigma-Aldrich (Zwijndrecht, the Netherlands). Rabbit anti-pyruvate kinase was kindly 
provided by dr. R. van Wijk from the University of Utrecht, Utrecht, the Netherlands.

Isolation and storage of erythrocytes
Blood studies were approved by the Sanquin Research institutional medical ethical committee 

in accordance with the standards laid down in the 1964 Declaration of Helsinki. Erythrocytes 
were collected from 4 healthy donors via double-erythrocytapheresis by a Haemonetics MCS+ 
(Haemonetics, Breda, The Netherlands). During collection, CPD-50 was added as an anti-
coagulant in a ratio of 1:16 (vol/vol). After collection of 400 millilitres packed erythrocytes, 
the packed erythrocytes were split into 2 units of 200 ml. After addition of 90 to 110 millilitres 
additive solution, PAGGSM (pH 8.2) to one unit and PAGGGM to the other, the units were 
filtrated to remove residual white cells and platelets. The resulting red cell concentrates (RCC)
had an average volume of 230 millilitres, a hematocrit (hct) of 60 percent (vol/vol) and contained 
fewer than 1x106 white blood cells (as determined with LeukoCount system, Beston Dickinson, 
San Jose, CA) whereas platelet counts were below detection limit (determined with an Advia 
2120, Siemens Medical Solutions Diagnostics, Breda, the Netherlands). The erythrocytes were 
stored at 4 ºC in a standard blood bank refrigerator.

2,3-DPG, ATP and lactate measurements in erythrocytes
2,3-DPG, ATP and lactate were measured as described elsewhere1. In short, extracts were 

made by diluting 600 µl erythrocytes with 900 µl PBS and then deproteinized with 60 µl 
perchloric acid (70% weight/vol). After 30 minutes on ice, the extracts were centrifuged for 
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5 minutes at 4 ºC at 6,000g and 56 µl 5 M K2CO3 was added to 1 ml deproteinized supernatant 
for neutralization.

2,3-DPG was measured with the 2,3-DPG kit of Roche (Mannheim, Germany). Lactate was 
analyzed with the kit from Trinity Biotech (St Louis, MO). ATP was analyzed with the glucose/
hexokinase reaction as described elsewhere1.

Hemolysis
Hemolysis was determined as described elsewhere1. Briefly, free hemoglobin was determined 

by absorbance measurement of cell supernatant at 415 nm or 540 nm by a spectrophotometer 
(Rosys Anthos ht3, Anthos Labtec Instruments GmbH, Salzburg, Austria), with correction for 
plasma absorption if necessary. Hemolysis was expressed as a percentage of total hemoglobin 
present in RCC after correction for Hct.

Measurement of intracellular pH
Intracellular pH (pHi) was measured as described elsewhere2. Briefly, 1 ml RCC samples were 

centrifuged for 5 minutes at 21,000g after which the supernatant was removed. Subsequently, 
the dry pellet was frozen in liquid nitrogen. After thawing, 400 µl deionized water was added 
and the pH of the resulting lysate was measured in a Rapidlab 865 (Siemens Medical Solution 
Diagnostics, Deerfield, IL).  

Potassium, sodium, glucose and extracellular pH measurements
Potassium, sodium, glucose and extracellular pH (pHe) were measured with a Rapidlab 865 

(Siemens Medical Solution Diagnostics).

Isolation of erythrocyte membranes
Membranes were isolated with a hypotonic NaPi buffer as follows. Membranes were isolated 

from 1*108 erythrocytes by first incubating in 300 µl PBS supplemented with EDTA-free protease 
inhibitor mix (PIM, 1 tablet dissolved in 100 ml PBS) (Sigma-Aldrich). After incubation for 
30 minutes at 37 °C, the cells were centrifuged and the supernatant was removed. The cells 
were lysed in 1 ml 5 mM NaPi, supplemented with 1 tablet PIM per 100 ml, and centrifuged 
for 30 minutes at 21,000g at 4 °C. After centrifugation, the supernatant was removed and the 
pellet fraction was washed two times. The final membrane was resuspended in 100 µl NaPi 
supplemented with PIM and stored at -80 °C until use.

Membrane bound glycolytic enzymes
Isolated membranes were analyzed for bound PFK, aldolase, pyruvate kinase (PK), 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and actin. Prior to loading of 
the membranes on a gel, the membranes were treated with sample buffer containing 
ß-mercaptoethanol for 10 minutes at 95 °C. Membrane was loaded from a total of 1.25*107 

erythrocytes on a 12.5 % SDS-PAGE gel. Subsequently, the proteins were transferred to a PVDF 
membrane via western blotting (Bio-rad, Veenendaal, the Netherlands). After western blotting, 
the PVDF membrane was cut at 45 kDa and 71 kDa. All parts of the PVDF membrane were 
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individually blocked for 1 hour with 2 % milk powder (Campina, the Netherlands) in TBST 
(weight/vol). The top part of the membrane was subsequently incubated with 2 % milk powder 
in TBST supplemented with 1:300 rabbit anti-PFK, the middle part was incubated with 2 % milk 
powder in TBST supplemented with 1:10,000 rabbit anti-PK. The bottom part of the membrane 
was incubated with 2 % milk powder in TBST supplemented with 1:2,500 goat anti-aldolase 
and 1:10,000 mouse anti-GAPDH. After overnight incubation at 4 °C, the blots were washed 
extensively with TBST. Subsequently, the blots were incubated with 1:10,000 donkey anti-
goat IgG-800 in 2 % milk powder in TBST for 45 minutes at room temperature. After washing 
extensively with TBST, the blots were incubated with 1:10,000 goat anti-rabbit IgG-680 in 2 % 
milk powder in TBST, top and middle part, or 1:10,000 goat anti-mouse IgG-680 in 2 % milk 
powder in TBST for the lower part. After incubation for 45 minutes at room temperature and 
extensive washing with TBST, the blots were analyzed with an Odyssey and analyzed with 
computer software (Odyssey software 3.01, Licor Biosciences). 

Subsequently, the bottom parts of the blots were stripped to analyze the amount of actin 
blotted on the PVDF membrane as a loading control. This was performed by incubating the 
membranes for 10 minutes in stripping buffer (200 mM glycine, 3.5 mM SDS, 1 % tween 20 
[vol/vol], pH 2.2). After 10 minutes the stripping buffer was refreshed for another 10 minute 
incubation. After washing the membranes extensively with PBS and TBST, the PVDF 
membranes were blocked as described above. Subsequently, the membranes were incubated 
with 2 % milk powder in TBST supplemented with 1:5,000 mouse anti-actine. After overnight 
incubation at 4 °C, the blots were washed extensively with TBST. Subsequently, the blots were 
incubated with 1:10,000 goat anti-mouse IgG-680 in 2 % milk powder in TBST. After incubation 
for 45 minutes at room temperature and extensive washing with TBST, the blots were analyzed 
with an Odyssey and analyzed with computer software. PFK, aldolase, PK and GAPDH band 
intensities are expressed as a ratio of actin.

Statistical analysis
Data was analyzed using Graphpad Prism 5.01 for Windows (GraphPad Software, La Jolla, 

CA). Statistical analysis was performed by 2-way ANOVA tests with the Bonferroni post-tests 
to compare means over time.

 Results
We have previously shown that erythrocytes stored in the new additive solution PAGGGM 

were able to maintain both 2,3-DPG and ATP levels during 42 days storage under standard 
blood bank conditions2.  Although we had hypothesized that PAGGGM exerts its effect via the 
chloride shift proposed by Meryman et al4,  resulting in an increased intracellular pH, we did 
not always observe a difference in intracellular pH between units stored in the standard AS 
SAGM or the experimental AS PAGGGM. This suggested that PAGGGM affects the glycolysis 
of stored erythrocytes in another way. We therefore investigated the possibility that the effect 
on 2,3-DPG and ATP levels are a direct effect of chloride itself. Erythrocyte units were stored 
either in PAGGSM (pH 8.2) or PAGGGM with the only difference between the units being the 
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presence or absence of chloride. To exclude donor variation, double-erythrocytapheresis units 
were collected from healthy volunteers. After addition of the ASs, the units were leukoreduced 
and stored under standard blood bank conditions at 4 °C. In line with our previous study, we 
observed no difference in intracellular or extracellular pH between units stored in PAGGSM 
(pH 8.2) or PAGGGM (figures 1a and b). This again showed that the chloride shift was not 
sufficient to increase the intracellular pH. Surprisingly, the potassium leakage was increased 
in units stored in PAGGSM (pH 8.2) (figure 1c). Moreover, hemolysis was slightly higher in 
PAGGSM (pH 8.2) stored units (figure 1d). Despite this, the hemolysis remained well below the 
limit of international standards in both PAGGSM (pH 8.2) and PAGGGM-stored erythrocytes.

The glucose levels were lower in PAGGGM-stored units after 7 days of storage (figure 2a), 
but the lactate levels were similar (figure 2b). This suggested that other intermediates were 
increased in PAGGGM-stored erythrocytes. Although we did not observe a difference in ATP 
levels between PAGGSM (pH 8.2) and PAGGGM (figure 2c), erythrocytes stored in PAGGGM 
showed significantly higher 2,3-DPG levels after 21 days of storage and also maintained 2,3-
DPG levels for a longer storage time (figure 2d). It has to be noticed that in the current study, 
PAGGSM (pH 8.2) stored erythrocytes also had relatively high 2,3-DPG levels for a long storage 
time.

To investigate whether the chloride shift indeed has a direct effect on the activity of glycolytic 
enzymes, the localization of several glycolytic enzymes was determined (see figure  3 for the 

Figure 1: pH, potassium concentrations and hemolysis. Both the intracellular pH (a) and extracellular pH 
(b) are similar between erythrocyte units with PAGGSM (pH 8.2) and PAGGGM as AS. (c) The potassium leakage 
is higher in PAGGSM stored units than PAGGGM-stored units. (d) After 14 days of storage, the hemolysis is 
slightly higher in PAGGSM (pH 8.2) stored units, but still within international limits. () represents PAGGSM 
(pH 8.2). () represents PAGGGM. Results shown represent mean ± 1 SD of 4 units. * p<0.05; ** p< 0.01; *** 
p<0.001

Extracellular pH

0 7 14 21 28 35 42
0

6.00
6.25
6.50
6.75
7.00
7.25

Days of Storage

Ex
tr

ac
el

lu
la

r p
H

Potassium

0 7 14 21 28 35 42
0

10

20

30

40

50
***

***
***

***
***

***
***

Days of Storage

Po
ta

ss
iu

m
 (m

m
ol

/L
) Hemolysis

0 7 14 21 28 35 42
0.0

0.1

0.2

0.3

0.4

0.5

* * ** *** ***

Days of Storage

H
em

ol
ys

is 
(p

er
ce

nt
ag

e)

Intracellular pH

0 7 14 21 28 35 42
0

6.00
6.25
6.50
6.75
7.00
7.25

Days of Storage

In
tr

ac
el

lu
la

r p
H

A B

C D



46

Chapter 3

glycolytic pathway). It is well known that binding of several glycolytic enzymes to the erythrocyte 
membrane directly influences their activity8. During storage, membranes from erythrocytes 
were isolated using a hypotonic buffer. Subsequently, the membranes were analyzed for PFK, 
aldolase, PK and GAPDH.  As a loading control for the amount of membrane, actin was also 
analyzed. By using fluorescent labels and analyzing the blots on fluorescence, we were able to 
quantify the bands and correct for loading differences (figure 4a). This correction appeared to 
be necessary since the amount of actin per mg of membrane protein varied at different time 
points of storage, probably due to the presence of varying amounts of hemoglobin in the isolated 
membranes. 

The amount of PFK binding to the erythrocyte membrane was initially similar between 
PAGGSM (pH 8.2) and PAGGGM-stored erythrocytes, but after 7 days of storage PAGGGM-
stored erythrocytes showed a significant higher amount of membrane-bound PFK when 
compared to PAGGGSM (pH 8.2) stored erythrocytes (figure 4b). This correlates with the 
observed levels of 2,3-DPG, which show a trend to be higher in PAGGGM-stored erythrocytes 
throughout storage and are significantly higher after 21 days of storage. Although the binding of 
PFK to PAGGSM-stored erythrocytes remained similar throughout storage, the amount of PFK 
bound to PAGGGM-stored erythrocytes increased during storage.

 The amount of aldolase bound to the erythrocyte membrane varied during storage but 
did not seem to be differentially affected by the additive solutions (figure 4c). The amount of 

Figure 2: Metabolites. The metabolism of erythrocytes stored in PAGGGM is higher than in erythrocytes 
stored in PAGGSM (pH 8.2) as can be seen from the decreased glucose levels (a). (b) The lactate levels are 
similar between PAGGSM units and PAGGGM units. Although the ATP levels are similar between PAGGSM 
(pH 8.2) and PAGGGM-stored units (c), the 2,3-DPG levels are longer maintained in PAGGGM-stored units 
(d). () represents PAGGSM (pH 8.2). () represents PAGGGM. Results shown represent mean ± 1 SD of 4 
units. * p<0.05; ** p<0.01; *** p<0.001
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membrane bound GAPDH (figure 4d) and PK (figure 4e) rapidly decreased during the first 
weeks of storage in both PAGGSM (pH 8.2) and PAGGGM-stored erythrocytes, but also showed 
no differences between the two additive solutions.

 

Discussion
During storage of red cell concentrates used for transfusion purposes, ATP declines steadily 

while 2,3-DPG is rapidly depleted1,2,10,11. The interaction between 2,3-DPG and hemoglobin 
regulates the affinity of hemoglobin for oxygen and thereby influences oxygen delivery. 
ATP as an energy source is important for the overall functioning of erythrocytes, including 
the maintenance of phospholipid asymmetry and activity of ion transporters12. With the 
new experimental AS PAGGGM we have previously shown that 2,3-DPG and ATP could be 
maintained for at least 35 days during storage of erythrocytes2. Moreover, we have shown that 
although PAGGGM is based on the chloride shift proposed by Meryman et al, the expected 
increase in intracellular pH in PAGGGM-stored erythrocytes was not observed4. It should, 
however, be noted that in the same study the intracellular pH was also higher than expected in 
the SAGM-stored erythrocytes. This is likely due to the different collection technique, which 
was erythrocytapheresis in that study and not whole blood collection as used in other studies1. 
As this makes it unlikely that PAGGGM exerts its affect on the glycolysis by increasing the 
intracellular pH, we hypothesized that chloride has a direct effect on the glycolysis of stored 

Figure 3: Reaction scheme of the glycolysis and the 2,3-DPG (Rapoport–Luebering) shunt. 
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erythrocytes.
In the present study, we did not observe a difference in intracellular pH between PAGGSM 

(pH 8.2) and PAGGGM-stored erythrocytes, again making it unlikely that the chloride shift 
exerts its affect on the erythrocyte glycolysis via an increase in intracellular pH. Surprisingly, 
PAGGSM (pH 8.2) stored erythrocytes showed more potassium leakage and slightly higher 
hemolysis during storage. It has been postulated that gluconate and citrate are able to stabilize 
the erythrocyte membrane13. It is therefore more likely that the lower potassium leakage and 
hemolysis observed in PAGGGM-stored erythrocytes is due to the presence of gluconate and 

Figure 4: Membrane bound glycolytic enzymes. (a) Representative western blot for membranes bound PFK, 
PK, aldolase, GAPDH and actin. (b) After 7 days of storage, more PFK is bound to the erythrocyte membrane 
of PAGGGM-stored erythrocytes than PAGGSM (pH 8.2) stored erythocytes. The amount of membrane bound 
aldolase remains similar during storage (c), while membrane associated GAPDH (d) and PK (e) decreased 
rapidly during the first weeks of storage. () represents PAGGSM (pH 8.2). () represents PAGGGM. Results 
shown represent mean ± 1 SD of 4 units. * p<0.05; ** p<0.01
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not because of the chloride shift.
Despite the lack of an increased intracellular pH, we did observe an increase in glucose 

consumption in PAGGGM-stored erythrocytes as can be concluded from the lower glucose 
levels. Surprisingly, we did not observe an increase in lactate concentration, indicating that 
erythrocytes stored in PAGGGM must have produced higher levels of metabolic intermediates. 
Although there were no differences in ATP levels, PAGGGM-stored erythrocytes did show 
higher levels of 2,3-DPG. This would indicate that chloride has a direct effect on 2,3-DPG 
metabolism.

In a previous study, we showed that PAGGGM probably stimulates PFK activity, thereby 
increasing both ATP and 2,3-DPG production. Previously, it has been shown that PFK is more 
active once bound to the erythrocyte membrane7. Binding of PFK to the erythrocyte membrane 
removes the allosteric inhibitory effects of ATP and 2,3-DPG14. As PFK is a key regulatory step 
in the glycolysis, this would result in an increased glycolytic rate and increased levels of ATP 
and 2,3-DPG15. However, chloride can affect the binding of PFK to the erythrocyte membrane in 
several ways. First of all, Higashi et al showed that when erythrocyte membranes were incubated 
in buffers with increasing chloride concentrations, PFK was gradually lost from the membranes7. 
Secondly, chloride can bind to hemoglobin thereby changing its conformation8,9,16. It is well 
known that depending on its conformation, hemoglobin can compete with several glycolytic 
enzymes, including PFK, for binding to the erythrocyte membrane17,18. Thus, chloride can both 
directly and indirectly affect the binding of PFK to the erythrocyte membrane. 

Recently, several publications showed that analysis of the erythrocyte membrane might 
give more insight in the changes occurring during storage of erythrocytes19-21. Therefore, we 
analyzed erythrocyte membranes during storage on the binding of several glycolytic enzymes. 
In the present study we first of all show that PFK binding is not constant throughout the storage 
period. PFK binding steadily increases, with a peak at day 28 of storage. This is 1 week after the 
peak of 2,3-DPG and ATP levels was observed, possible in an attempt to maintain 2,3-DPG 
and ATP production at high levels. Despite this, the ATP and 2,3-DPG levels still decline, likely 
due to the decreasing intracellular pH which also has an inhibitory role on the glycolysis22.  
Moreover, we show that after 7 days of storage, more PFK is bound to the erythrocyte membrane 
in erythrocytes stored in PAGGGM than in erythrocytes stored in PAGGSM (pH 8.2). This is 
in line with the observation that the 2,3-DPG levels are higher in the first weeks of storage in 
PAGGGM-stored erythrocytes than PAGGSM (pH 8.2) stored erythrocytes. 

The amount of GAPDH bound to the erythrocyte membrane decreased rapidly during 
the first 2 weeks of storage after which the amount of membrane associated GAPDH remains 
constant. Binding of GAPDH to the erythrocyte membrane inhibits its catalytic activity, thus a 
decrease of membrane bound GAPDH might increase its activity. This might thus be an attempt 
of the stored erythrocyte to increase its glycolysis in an attempt to preserve ATP and 2,3-DPG 
levels. Binding of PK to the erythrocyte membrane showed a similar pattern as observed with 
GAPDH. 

In conclusion, the present study shows that although the chloride shift does not lead to an 
increased intracellular pH, it does lead to an increased glycolytic rate during the first weeks of 
storage. This creates enough metabolic reserves to maintain 2,3-DPG and ATP levels during the 
remaining storage period. Furthermore, we show that the chloride shift results in an increased 
amount of membrane bound PFK, while not affecting membrane-bound aldolase, GAPDH 
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and PK. The increased glycolytic rate is likely the result of this increased binding. It would be 
very interesting to investigate whether the glycolytic intermediates correlate with the observed 
metabolites and the amount of membrane bound glycolytic enzymes. Especially the levels of 
fructose-1,6-diphosphate, dihydroxyacetone phosphate and glyceraldehyde-3-phosphate 
would be interesting as these results might indicate whether PFK activity is indeed higher in 
PAGGGM-stored erythrocytes than PAGGSM (pH 8.2) stored erythrocytes. The next step 
would be to investigate whether the effect of the chloride shift is the result of a direct effect on 
binding of PFK to the erythrocyte membrane or an indirect affect by inducing a conformational 
change in hemoglobin, which results in increased affinity for the band 3 binding domain, 
thereby removing PFK from the erythrocyte membrane.
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