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1. Introduction

There are many studies of the binding of the

GAPDH?* in erythrocytes to the cell membrane [1-7].

The question of GAPDH binding in vivo has not
been solved [2-5,8].

A detailed characterisation of the release of bound
GAPDH does not exist.

The present paper describes investigations of the
unspecific effects of ultrasonics, pH-changes, ionic
strength and the specific effect of NAD on the asso-
ciation of the enzyme with the membrane.

2. Materials and methods

Reticulocyte-rich cell suspension (about 40%
reticulocytes, 60% erythrocytes) prepared from
fresh rabbit blood was hemolysed (dilution 1:100)
with 10 mM TRA buffer (pH 7.2)* and then cen-
trifuged at 20000 g (15 min). After washing in 10
mM HEPES (pH 7.2) the pellet was resuspended in
the same buffer and used as ‘bound GAPDH’.

In accordance with Shin and Carraway [7] after
hemolysis about 60—-70% of the total activity re-
mained associated with the particulate fraction. The
enzyme activity was determined according to Berg-
meyer [9].

To study the release of the bound enzyme a cer-

* Abbrevigtions: 1,3 DPG —~ 1,3-diphosphoglyceric acid;
GAPDH - glyceraldehyde-3-phosphate dehydrogenase
(EC 1.2.1.12); GAP — glyceraldehyde-3-phosphate; HEPES
— N-2-hydroxyethylpiperacine-N-ethansulfonic acid; NSA —
nicotinamide; TRA — triethanolamine.

* All buffers used contained 1 mM mercaptoethanol.
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tain amount of bound GAPDH was incubated for

5 min and then centrifuged at 20 000 g. Thereupon
the enzyme activity was assayed in the pellet and the
supernatant.

3. Results

Repeated washings of the bound GAPDH with
10 mM HEPES (pH 7.2) demonstrate the stability
of the GAPDH binding to the membrane (fig. 1). The
portion of the bound enzyme does not decrease,
whereas the specific activity of the GAPDH increases
as a result of the release of inactive proteins.

Fig. 2 represents the results of the treatment of
bound GAPDH with buffer solutions of different pH.
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Fig. 1. Repeated washings of membrane-bound GAPDH with
10 mM HEPES {pH 7.2): (e) bound enzyme in percent of the
total activity; (o) specific activity in umoles/min per mg pro-
tein.
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Fig. 2. Treatment of bound GAPDH with 10 mM Good [10]
buffers of different pH.

Under experimental conditions changing of pH did
not cause a release of bound GAPDH. As the results
in table 1 show, the binding of GAPDH to the mem-
brane is practically not destroyed by ultrasonics.
Fig. 3 represents the influence of different electro-
lytes on the release of bound GAPDH. This release
does not depend on the species of the electrolyte
but on the ionic strength of the solution. This sug-
gests that there is no specific interaction between
these ions and the enzyme and the membrane, re-
spectively. Up to an ionic strength of 0.04 a release
of the bound enzyme does not take place, whereas
in the range from 0.05 to 0.1 a straight dependence
of enzyme release on the ionic strength exists.

Further experiments show that besides the un-
specific release of the bound enzyme by electrolytes
of certain ionic strength a specific release exists
caused by NAD.
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Fig. 3. Influence of electrolytes of different ionic strength on
the GAPDH~membrane binding. Bound GAPDH was incu-
bated for 5 min in 10 mM HEPES medium, pH 7.2 containing:
KCl (¢A—a—2); Mg(CH3COO); (e—e—e) or K»S04
(0——0—o0) with increasing ionic strength.

The small NAD concentrations, which are already
active, exclude an unspecific ionic strength effect
of the NAD. The NAD influence on the enzyme—
membrane binding is strongly dependent on the pH
of the incubation medium (table 3). Whereas below
pH 7.5, 1 mM NAD does not cause an enzyme release,
above pH 8.2 GAPDH is totally released by this NAD
concentration.

0.1 mM NAD,NADH, AMP or NSA do not in-
fluence the GAPDH—membrane binding at pH 7.5
(not represented results). As shown in fig. 3, an elec-
trolyte solution of an ionic strength of 20 mM does
not release bound GAPDH too. But a combination
of NAD, NADH or AMP with an electrolyte solution
(e.g. 6.7 mM Mg(CH;COO0),) causes a strong enzyme
release (table 4).

Table 1

Release of bound GAPDH by ultrasonication.

Sonication time [sec]

GAPDH activity in the pellet

GAPDH activity in the super- Released GAPDH in % of the

[umoles/min] natant {umoles/min] total
0 0.56 0.008 1
1x10 0.66 0.028 4
2x 10 0.54 0.032 6
3x10 048 0.020 4
9 X 10 0.46 0.040 8

Bound GAPDH was suspended in 4 ml 10 mM HEPES (pH 7.5) and sonicated at 0°C in 10 sec intervals with an MSE ultrasonic
desintegrator (amplitiide 6 um). After centrifugation (1 hr; 110 000 g) the enzyme activity was determined in pellet and super-

natant.
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Table 2
Dependence of the release of bound GAPDH on NAD in 10 mM Tris, pH 8.2,
NAD [mM] GAPDH activity in the pellet GAPDH activity in the super- % released GAPDH
[umoles/min] natant [umoles/min]
1.2 0 0.18 100
0.2 0.07 0.12 63
0.06 0.09 0.1 53
0.024 0.1 0.09 47
0.012 0.14 0.05 36
0.0012 0.18 0.01 5
Table 3
The pH influence of the incubation medium on the releasing effect of 1 mM NAD to bound GAPDH in 10 mM Good [10] buffers.
pH GAPDH activity in the pellet GAPDH activity in the super- % released GAPDH
[umoles/min]} natant {umoles/min]
7.5 0.14 0 0
8.0 0.07 0.15 32
8.2 0.01 0.18 95
8.5 0.01 0.21 95
9.0 0.01 0.15 94

This observed sensitization of NAD, NADH, and
AMP effect does not exist in the case of NSA.

4. Discussion Additionally the enzyme binding is influenced by

metabolites. Shin and Caraway [7] supposed that the

The GAPDH is — as shown in the washing experi- observed release of GAPDH during hemolysis of
ments and by ultrasonication — tightly bound to the erythrocytes by ATP is caused by an alteration of
membrane of erythrocytes and reticulocytes, respec- the membrane by ATP, which is then unable to bind
tively. The sensibility of the GAPDH—membrane the enzyme. By reason of specific interaction between
binding to electrolytes with an ionic strength greater NAD and the GAPDH molecule [11,12] it is assumed
than 0.04 makes us assume electrostatic interactions that the releasing effect of NAD on membrane-bound
between enzyme and membrane as already reported GAPDH is caused by such interaction, too, and not
by other authors [3,7]. by an interaction with the membrane.
As shown in table 4, the cooperativity between
Table 4
Release of bound GAPDH by combination of ionic strength effect and a specific effector.
Effector GAPDH activity in the pellet GAPDH activity in the super- % released GAPDH
[umoles/min] natant [gpmoles/min]

NAD 0.02 0.43 96
NADH 0.02 047 96
AMP 0.08 0.27 71
NSA 0.31 0 0

The incubation medium contained: 10 mM HEPES (pH 7.5), 6.7 mM Mg(CH3COO), and 0.1 mM effectors.
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NAD and ionic strength effect produces a sensitiza-
tion of the NAD effect. This explains the impossibili-
ty of measuring the activity of the bound GAPDH
[13]. Probably membrane binding and effector bind-
ing to the enzyme exclude one another.

If the GAPDH membrane association is influenced
by effectors in vivo too, an alteration of the free
metabolite concentration can be caused by changing
the bound GAPDH portion. In this way via free NAD
or NADH concentration the metabolite fluxes can
be influenced.
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