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Interaction of bovine skeletal muscle lactate dehydrogenase
with liposomes. Comparison with the data for the heart enzyme

Anna Dabrowska, Grzegorz Terlecki and Jan Gutowicz

2p of Biochemistry and

of Bi

Academy of Medicine. Wroclaw (Poland)

(Received 3 October 1988)
(Revised manuscript received 6 January 1989)

Key words: Lactate deh

Isozyme: E: lipid i

The effects of pH, salt concentration and the presence of vxidized and reduced forms of coenzyme on the interaction of

skeletal muscle lactate g with the
were igated by ul Iy
which we have fously studied. L

derived from the total fraction of bovine erythrocyte lipids
and were compaxed with those results obtained using the heart-rate isoenzyme

are good ad:

systems for both types of isoenzyme. In the presence

of erythrocyte lipid Ilposomes. bovme muscle and heart lactate dehydmgenases fonn two kinds of complex: lactate

and soluble lactate

Soluble nrotein-phos-

pholipid comylexes teveal different dependences of their smbllmes on pH values and it seems that the nature of the

binding site in either isozyme is different. In additi

P of the i

on the lij also reveals in

difference in the effects of NAD and NADH. While the presence of NAD dissociates LDH-H ; “from the liposomes and

NADH does not infl its adsorpti

NAD p

Introduction

1t is now well- documented that at lzast some glyco-

Iytic can with b in cells
[1-5]. Some mle of the association in regulatory
of gl is d by the finding that

the iation is affected by some bolites such as
t prod and the like [5-8). Since
the iation with the is also affected by

such factors as pH, ionic strength and ionic metabolites,
lt is generally bcheved that the bmdmg is controlled by
The biologi ions of
the association raise questions such as: what is the
fl of the iation on the lytic properties
of the enzyme and, on the other hand, whether or not
the properties of b are affected by this associ~
ation. Some recent studies have strongly suggested that
LDH isozymes may be included in the group of mem-
brane-associated enzymes and that the binding to mem-
branes occurs through the proteins [9,10).
Using the method of ultracentrifugation of lipid sus-
pensions in the presence of bovine heart LDH, it has
previously been found that the surface of phospholipid

LDH, lactate

(EC 1.1.1.27).
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the binding of LDH-M ,, and NADH favors the dissociation.

liposomes can reversibly adsorb the enzyme {11].

In the present work we have investigated the associa-
tion of bovine muscle LDH to liposomes from the total
fraction of bovine erythrocyte lipids in order to com-
pare it with those data for the heart-type isozyme which
were described elsewhere [11].

Materials and Methods

LDH
Bovine muscle LDH was prepared from bovine
skeletal muscle (M gluteus maximus) according to Pesce
et al. [12] Il was purified by CM-Sephadcx column
phy and by sub P d recrystalli-
zation from ammonium sulfate Its specific activity was
300 U/mg and the preparation gave one band during
polyacrylamide gel electrophoresis (LDH-5).
Before the experiments the LDH suspension in am-
sulfate sol was i d down and the
pellet was dissolved in 10 mM Tris-HCl/1 mM EDTA
(pH 7.5) and subsequently dialyzed for 48 h against this
buffer at a temperature of 5°C. The final protein
concentration was adjusted to 1 mg/ml. This procedure
produced the apo-form of the enzyme, since the
Ajgo/ Az value was about 1.8.

Enzyme assay
The amount of LDH in supernatant was determined
by the enzy tivity assay ding to the method of
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Bergmeyer et al. [13]. The assay sample (3 ml) contained
0.2 mM MADH and 10 mM sodium pyruvate in 100
'mM phosphate buffer (pH 7.5). One unit of the enzyme
activity (U) is defined as the amount of the enzyme
which converts 1 pmol of the coenzyme per 1 min at
room temp For the ion of ation
a value of 6200 M~'-cm~! was used as a molar ab-
sorption coefficient.

D ination of the protein conc

In centrifugation studies the concentration of the
protein was determined by theech biuret method [14] in
the supernatant. LDH of known concentration (de-
termined by rieasurement of absorbance at 280 nm)
was used as a standard.

Preparation of erythrocyte lipids and liposomes

Lipids were extracted from bovine erythrocyte with
n-butanol according to the method described by Zahler
et al. {15). The butanot! of the lipids was evaporated to
dryness under a nitrogen stream. To the thin Lipid film
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Fig. 1. Adsorption of bovine muscle LDH to liposomes. Protein and
lipia concentrations were 0.4 and 1.8 mg/ml, respectively; sample
volume: 3.5 ml.

and Na,PO, concentrations above 0.1 M (data not
shown).
As can be seen in Figs. 2 and 3, the enzyme-liposome

obtained the appropnate amount of the buffer solution binding was infl by the p of yme. Its
was added and the 1 was produced idized and red forms led opp effects:
by mechanical shalung with glass beads for 30 min at whlle y_he prmnoe of NAD* promoted LDH-M,
room temp The ion of lipids was to 1 ing the bound amount

tonlated | ly by phospt

determination
according to Bartlett [16]. Preparations of liposomes
were not contaminated by the protein which was
determined by the biuret method.

Adsorption of the enzyme of liposomes

The same experimental procedure as previously in
the case of the heart isoenzyme was applied [11] for
determination of the adsorption of the enzyme to lipo-
somes.

The enzyme and liposome mixtures were incubated
at room temperature for 60 min and then centrifuged
for 60 min at 100000 X g using the MSE-50 uitra-
centrifuge. After centrifugation, the lipid protein con-
centrations were determined in the supernatant. The
lipid and protein content of the pellets were calculated
from the difference between the initial concentration
and that in the supernatant. Control centrifugation of
the enzyme alone did not give any pellet.

Results

Association of the skeletal muscle LDH with lipo-
somes is pH-dependent. The curve shown in Fig. 1
reveals that the optimum of binding occurred at pH 6.8.
At that pH, and at saturating lipid concentration, lipo-
somes were adsorbing 40% of the total amount of the
enzyme. As was prevnously shown for the heart LDH
isc LDH-M-lip binding was sensitive to
ionic strength, decreasing rapidly with the increase of
salt concentration. No adsorption was observed at KCl

to 60% the reduced form (NADH) favored the dissocia-
tion of the complex.

A solubilizing effect of the muscle LDH on lipo-
somes was observed. While a suspension of lipid alone

pelleted letely during centrify at the pH
range from 6.0 to 8.0, m the presence of LDH-M, some
amount of phospholi d in solution forming

soluble lipid-LDH complexes (see Flg 4). This phenom-
enon was pH-d d of the
promoted formanon of soluble complexes. These were
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Fig. 2. Effect of NADH on the adsorption of the bovine muscle LDH
to liposomes as a function of lipid concentration. Protein concentra-
tion in all samples was 0.4 mg/ml, sample volume: 3.5 ml, pH = 6.8,
NADH concentrations: (1) 0, (2) 3.5-10~7 and (3) 1.8-10~% mol/l.
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Fig. 3. Effect of NAD on the adsorpllon of the bovine muscle LDH to

liposome as a function of lipid concentration. NAD concentrations:
(1) 0 and (2) 1.8-10™* mol /1. Other conditions as in Fig. 2.

extracted from supernatant with chloroform and lipids
were sep d by thin-k t aphy. Phos-
phatidylethanolamine was found as a main constituent
uf soluble oomp]exes, whxle ac|d phospholipids (phos-

idy d p linositol) were present in
small amounts. Formal-on of soluble complexes with
phospholipid inactivated the enzyme, as shown in Fig.
5. The decrease of activity correlated with the amount
of lipid in supernatant.

Discussion

Results presented in this paper show similarities and
differences in the interaction of skeletal muscle LDH
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Fig. 5. Effect of the phospholipid on tie specific activity of the
enzyme as a function of pH. Experimental conditions as in Fig. 1.

isoenzyme with liposomes. as compared with the inter-
action of the heart isvenz: me. In both cases, two kinds
of enzyme-lipid complex are formed: insoluble, precipi-
tating in ultracentrifugation, where the enzyme is ad-
sorbed to liposomes, and soluble LDH-phospholipid
complexes, present in supernatant.

As for the precipitating complexes. it was shown that
the pH-dependence of their formation with LDH-M,
was similar to that of LDH- H4, revealing an optimum
at pH 6.8. In the case. of both i isoenzymes, association
with i with i ing salt con-
centranonA This dependence seems to strongly suggest
the electrostatic nature of binding forces. However, a
simple explanation of the adsorption in terms of multi-
electrostatic interactions between the net charge of the
protein molecule and the liposome surface seem to be
insuffizient. Muscle isoenzyme of LDH shows a positive
net eiectric charge at pH 6.5 [17], and the surface of
liposomes, derived from total lipid fraction of erythro-
cytss, bears a negative charge over a w1dc PpH range.
Simple overall el the two
systems should cause a monotonic increase of the isoen-
zyme absorption with decreasing pH. Occurrence of the

i in the pH-d d curve, and the differen-
tiated effects of the oxidized and reduced forms of the
coenzyme on the lipid-LDH adsorption indicate rather
complex mechanisms of binding. Our observation that
the p of NAD™* p d binding, while its
reduced form favored dissociation, seems to support the
supposition that some factors other than electrostatic
attraction contribute in lipid binding. In our opinion,
the effect of coenzymes may be to identify the locai
conformauon near the binding site(s). Obviously, this

oH
Fig. 4. Dependence of the amount of phosphollpld remncd by Ihe N
enzyme in the on pH.

P is needs further support by means which would

Fig. 1.

bl itoring the confor 1 changes.
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Comparison of the effects ¢f coenzymes on lipo-
some-LDH-M, binding with those for the heart isoen-
zyme revealed some interesting differences. While the
presence of NAD™* dissciates LDH-H, from lipo-
somes, and NADH does not influence the adsorption,
in the case of LDH-M,, NAD* promoted the binding,
and NADH r.he d.lSSOClallOn of the  enzyme. The data

ined in are not suf-
ficient to give an exact mterpretauon of these dif-
fe but they evidentiy i that LDH isoen-
zymes show different adsorptive properties.

It was shown lhat, n ihe presence of LDH -M,, some
amount of ph mainly ph idylethanol-
amine, was present in the supernatant, forming soluble
complexes with the enzyme. Complexed LDH-M,
showed lower activity than the uncomplexed isoenzyme.
Soluble complex formation and enzyme inactivation
was observed also with the heart LDH isoenzyme [11].
However, the pH-dependence of these phenomena dif-
fered in the two isoenzymes. With LDH-M,, alkaliza-
tion, and with LDH-H,, the acidification of the en-
vironment, favored soluble complex formation and en-
zyme inactivaiion.
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