cta
Biochimica
olonica

Vol. 40 No. 4/1993

QUARTERLY

The author wishes to dedicate this minireview to the memory of his Master,
Professor Wiodzimierz Mozotowski (1895-1975), the first Editor-in-Chief of

Acta Biochimica Polonica

Regulatory effects of the lipid-cytosolic enzyme interaction:

AMP deaminase

Mariusz M. Zydowo

Department of Biochemistry, Academic Medical School, Dgbinki 1, 80-210 Gdarisk, Poland

Received 15 September, 1993

Although for many years soluble (cytosolic)
intracellular enzymes were usually distin-
guished from those particle-bound, since the
1960-ies evidence has accumulated that some
enzymes regarded so far as typical cytosolic
once (e.g., glycolytic enzymes) may be bound
to cellular membranes [1], at least in a transient
way.

Fifteen years ago we have isolated AMP
deaminase (AMP-D)! from pig heart [2]. This
enzyme, known to be localised in cytoplasm
[3], has been shown to be activated by ATP, but
the ATP-activated enzyme, when preincubated
with phospholipid bilayers (liposomes), dis-
played an unexpected property: the ATP-acti-
vated AMP-D from heart showed an increase
in Vmax almost by 100% after preincubation
with egg yolk phosphatidylcholine-containing
liposomes (Fig. 1). This activatory effect of
model membranes on the soluble enzyme kine-
tics raised two questions:

-1. What is the molecular nature of the
enzyme-lipid interaction occurring apparent-
ly between the heart AMP-D and phosphati-
dylcholine;

—2. What is the metabolic significance of this
phenomenon.

As a first approach to answer these questions
we checked whether the lipids present4n the
natural membranes of cardiomyocytes display

the same effect as the egg yolk phosphati-
dylcholine used previously. It has been found
[4] that the lipids extracted from mitochondria
or microsomes influence the pig and rat heart
AMP-D kinetics in the same way as in the ex-
periment presented in Fig. 1. The same did the
liposomes composed of a mixture of lipids in a
proportion corresponding to the average com-
position of lipids in the natural heart muscle
intracellular structures [4].

However, the lipid composition of some in-
tracellular membranes is known to undergo
changes under the influence of a variety of
factors [5, 6). For example the proportion of
sphingomyelin in lysosomal membranes
seems to increase appreciably under some con-
ditions [7]. We investigated the effect of lipo-
somes composed of sphingomyelin only and
have found that they display an inhibitory ef-
fect on the enzyme both in the presence and in
the absence of ATP [8] (Fig. 2). This may be of
some metabolic significance. Also some other
phospholipid species (e.g. phosphatidate [9]
or cardiolipin [9]), which are inhibitory, seem to
be potential candidates for being regulators of
AMP-D activity in the heart. It may be seen in
Fig. 3 that the inhibitory effect of phosphatidate
is exerted even on the non-activated enzyme
[9], and Fig. 4 shows that this is a noncompeti-
tive inhibition with a Kj value as low as 15 x

! Abbreviations used: AMP-D, AMP deaminase (EC 3.5.4.6); DOPC, dioleoylphosphatidylcholine; DMPC,
dimirystoroylphosphatidylcholine; DPPC, dipalmitoylphosphatidylcholine.
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Fig. 1. The effect of phosphatidylcholine-containing
liposomes on ATP-activated AMP deaminase from
pig heart.

Incubations were carried out without effectors added (O);
in the presence of: 1 mM ATP (@); 375 nmol of egg yolk
phosphatidylcholine (M) and in the presence of 1ImM ATP
plus 375 nmol phosphatidylcholine (&). After [2].
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Fig. 3. The effect of dioleoylphosphatidate-contain-
ing liposomes on the non-activated AMP deaminase
from pig heart.
The incubations were carried out without liposomes (O)
or with liposomes containing phosphatidate at
concentrations of: 4 pM (H); 8 pM (Q); 16 pM (A) and 20
pM (@). After [9].
107® M. This inhibition constant is three orders
of magnitude lower than for orthophosphate,
regarded before as a "physiological” inhibitor
of AMP-D [10]. The inhibitory effect is dis-
played by those phosphatidate species only
which contain unsaturated fatty acids in their
molecule; however dilauryphosphatidate
(DLPA), a saturated species, if incubated at pH
7.9, becomes also inhibitory. This happens
probably because, at the alkaline pH, the tran-
sition temperature of this lipid becomes lo-
wered from 33°C to 15°C [9].

The diversity of the effects of unsaturated and
saturated phosphatidate species on AMP-D ac-
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Fig. 2. The effect of sphingomyelin-containing lipo-
somes on AMP deaminase.

Incubations were carried out without effectors added (O);
in the presence of: 1 mM ATP (®); 375 nmol
sphingomyelin (M) and in the presence of 1 mM ATP plus
375 nmol sphingomyelin (&). After [8].
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Fig. 4. Dixon plot presenting the effect of dio-
leoylphosphatidate-containing liposomes on ATP-

activated pig heart AMP deaminase.

The incubations were carried out in the presence of 1 mM
ATP and AMP at concentrations of: 3 mM (@); 5 mM ()
and 10 mM (2). After [9].

tivity indicates that the enzyme-lipid interac-
tion occurs probably within the hydrophobic
regions of both enzyme and phospholipid. This
is true for the inhibitory effect of phosphatidic
acid but also for the activatory effect of phos-
phatidylcholine. In Fig. 5 an experiment is
presented in which dioleoylphosphatidyl-
choline (DOPC), but not dipalmitoylphos-
phatidylcholine (DPPC) has been demon-
strated to activate the ATP-activated AMP-D
from the heart [11]. This difference could also
be caused by the fact that only those phos-
pholipid species which contain unsaturated
fatty acids are able to interact with AMP-D.
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This has been confirmed by Fourier-transform
infrared spectroscopy (Table 1). It may be seen
that only the kinetically effective phospholipid
species caused a change in the beta/alpha con-
formation ratio of the enzyme protein.

Thus, one may try to answer the first of the
questions mentioned before, by saying that the
phospholipid species which modify (regulate)
enzyme kinetics are interacting with the
enzyme protein in a way changing its second-
ary structure.

Although the effect of phospholipids on AMP
deaminase from many tissues, except skeletal
muscle, has been demonstrated [12], the meta-
bolic significance of this interaction seems to be
especially important in the heart. Hypoxia-and
ischemia-induced heart injury is connected
with dramatic changes in adenine nucleotide
metabolism both in rat and human heart [13 -
15]. Preservation of appropriate adenine nucle-
otide pool in the myocardium is the main task
of the metabolism for cell to survive the
ischemic shock [16]. ATP concentration de-
creases during ischemia and AMP concentra-
tion may increase even fivefold. Two enzymes
are able to catalyse further degradation of
AMP: 5-nucleotidase and AMP-D [10, 17].
Adenosine arises as a product of 5-nycleoti-
dase activity. This compound is postulated to
be a "retaliatory catabolite”, playing an essen-
tial role in improving blood supply to the heart
by influencing coronary vessels [18]. AMP-D
catalyses hydrolytic deamination of AMP to
IMP, initiating complete degradation of adeny-
lates; also it plays a role in maintaining a con-
stant adenylate energy charge [19]. Low activ-

ity of AMP-D causes an increase in AMP con-
centration, which provides the substrate for
adenosine production by 5-nucleotidase and,
thus, is supporting improvement of blood sup-
ply to the heart in the case of higher demand.
One can suppose that, at a high concentration
of ATPF, the cytosolic AMP-D interacts with
phosphatidylcholine of the membrane and its
activity becomes high. As a consequence of
hypoxia or ischemia, phosphatidylcholine may
be decomposed to phosphatidate which is in-
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Fig. 5. The effect of dioleoylphosphatidylcholine
(DOPC) (O), dimirystoroylphosphatidylcholine
(DMPC) (@), and dipalmitoylphosphatidylcholine
(DPPC) (A) - containing liposomes on ATP-acti-
vated AMP deaminase from pig heart; (Q), control
experiments in the presence of 1 mM ATP without
phospholipid added.

Allincubations were carried out at ﬂ“C,ex:eEt inthecase
of DPPC which were carried out both at 30°C (curve A)
and at 45°C (curve B). After [11].

Table 1

Estimation of AMP deaminase secondary structure*
The shape of the deconvoluted amide [ band of AMP deaminase was simulated by Gaussian/ Lorentzian functions.
The best fit was obtained with a Gaussian weighting factor of 0.8

Content (%)
30°C, 30°C, 0°c, 30°C, 30°C, 45°C,

no ATP, ATP, ATP, ATP, ATP, ATP,

no lipids no lipids 3 mg of DOPC | 6 mg of DOPC | 6 mg of DPPC | 6 mg of DPPC
B-Structures 45 46 39 29 46 44
a-Helices 28 3 37 43 34 30
Random 11 9 12 8 9 14
Turns 16 14 12 20 11 12
f/ee ratio 1.60 1.48 1.05 0.67 1.35 146

*After [11].
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hibitory to AMP-D [9]. The interaction of phos-
pholipids with AMP-D can also be changed by
a transverse movement of phospholipid in the
membrane [20]. This may help to maintain a
high AMP concentration required to produce
the "retaliatory" adenosine. In this way, the
enzyme-lipid interaction may be a part of a
regulatory mechanism by which adaptation to
the changing heart oxygen supply occurs dur-
ing increased physical exercise, coronary insuf-
ficiency or in the case of other physiological
and pathological incidents.

One is tempted to postulate that the described
transient interaction of membrane lipids with
AMP deaminase in the heart is only an example
of a more general phenomenon of subtle regu-
lation of the activity of so-called "cytosolic”
(soluble) enzymes by their temporary binding
to the cellular membranes.
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