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The interaction of lactate dehydrogenase with high-molecular-weight derivatives of Cibacron
Blue was followed by measuring the reaction kinetics and by means of affinity electrophoresis.
The dye was covalently bound to dextrans with relative molecular mass ranging from 5 000 to
2 000 000 and to hydroxyethyl-starches with relative molecular mass from 130 000 to 2 000 000.
In the case of dextran derivatives of Cibacron Blue, various degrees of substitution by the dye
were tested. Measurement of kinetics showed that the Cibacron Blue derivatives competed with
NADH for the binding site on the enzyme and that when the dye was bound to a polysaccharide,
the affinity of lactate dehydrogenase to the dye decreased. Both methods used confirmed that the
strength of interaction did not depend on the relative molecular mass of the polysaccharide carrier
or on the degree of substitution. The interaction of lactate dehydrogenase with hydroxyethyl-starch
derivatives of Cibacron Blue was weaker than with dextran derivatives.

Considerable attention has been paid to the interaction of triazine dyes with proteins
containing the so-called dinucleotide fold, and to making use of the phenomenon
for the isolation of the proteins by affinity chromatography! ~3. The character of the
interaction of the dye with several proteins has already been investigated*:>. In our
previous work®?, we studied the importance of the nature and molecular mass of the
high-molecular-weight matrix for the interaction with lactate dehydrogenase (L-lacta-
te: NAD* oxidoreductase EC 1.1.1.27). The present work is a contribution to this
problem.

EXPERIMENTAL

Material

The lactate dehydrogenase preparation used was obtained by 609, saturation of the water extract
of bovine heart muscle with ammonium sulphate.
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Cibacron Blue 3G-A (C.I.Reactive Blue 2) derivatives of series T dextrans (Pharmacia, Uppsala)
and waxy maize hydroxyethyl-starches DS 0-:64—0-67 (a kind gift from Dr K. Granath of Phar-
macia, Uppsala) were prepared by the reaction of the dye with the polysaccharides in aqueous
alkaline medium, in the case of dextrans at 80°C (ref.®), in the case of hydroxyethyl-starches at
70°C (ref.”). The polysaccharide derivatives of the dye were purified and the homogeneity of the
preparations was checked as described in the previous communication®.

Methods

Measurement of lactate dehydrogenase activity. As a measure of enzyme activity, we determined
the rate of NADH oxidation as followed by spectrophotometry at a wave length of 340 nm using
a Pye-Unicam SP 8—400 spectrophotometer with a programmable calculator HP 97S. The reac-
tion mixture contained 0-3 mol/l phosphate buffer, pH 75, 6:3. 1074 mol/l sodium pyruvate,
and NADH at four different concentrations in the range of 4. 10" 5t0 2.10™4 mol/l. In studies
of inhibition, Cibacron Blue or its derivatives was added. The reaction was started by adding the
enzyme to the reaction mixture. Changes of absorbance were measured at 20 s intervals; five
readings were taken, the first 20 s after starting the reaction. The computer was used for deter-
mining the initial reaction rate from the measured values. The values of Michaelis and inhibition
constants were determined graphically and by calculation using the Lineweaver-Burk plot of the
Michaelis-Menten equation.

The concentration of Cibacron Blue in free form or bound in high-molecular-weight derivatives
was determined spectrophotometrically at a wave length of 610 nm, assuming the molar absorp-
tion coefficient to be equal to 13-6. 103mol™! . 1.cm™ 1! (ref.4).

Affinity electrophoreis of lactate dehydrogenase was arranged as discontinuous electrophoresis
in alkaline medium according to the standard procedure described by Davis®, using only small pore
gel. Affinity gels were prepared by adding a solution of Cibacron Blue Dextran to the polymeri-
zation mixture in such an amount that resulted in the final concentration of the dye in the range
of 1:0 to 8:0.107° mol/l. The dye concentration was determined in the same way as when
reaction kinetics were measured. Enzyme samples (80 pg) in 20%; glycerol (20 uly were applied to
each tube and electrophoresis proceceded for 1-5 to 2 h at a current intensity- of 4 mA per tube.
The gels were stained specifically®. The distance of the zones from the start (d) was measured
with +0-5 mm accuracy. For each type of macromolecular derivative, 4 concentrations of im-
mobilized dye were used (¢; = 1-0—8-5. 10~ 5 mol /b); the measurements were performed on two
gels for each concentration of immobilized dye. The dissociation constants of the lactate dehydro-
genase— immobilized dye ccmplex (K) were determined graphically from the dependence of
1/(dy — d) on 1/c;, where dy was distance of the protein zone from the start in the control gel
without dye, d was the distance of the protein zone from the start in the affinity gel at a given
concentration c; of the immobilized dye; the point of intersection of the correlation line with the
axis 1/c; corresponds to the —1/K value (ref.'%11),

RESULTS

Lactate dehydrogenase from bovine heart muscle was inhibited by free Cibacron
Blue as well as by its macromolecular derivatives, namely dextran and hydroxyethyl-
-starches with covalently bound dye in their molecule. The inhibition was always
competitive with respect to the coenzyme NADH. Table I presents the values of
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inhibition constants that are mean values from two measurements of kinetics with
two different inhibitor concentrations. It also states the values of dissociation con-
stants of three of complexes lactate dehydrogenase isoenzyme with the immobilized
dye; the results were obtained by affinity electrophoresis using dextran derivatives
of Cibacron Blue. Electrophoresis could not be used for determining the dissociation
constants of dextrans with a relaitve molecular mass of 5 and 10 thousard due to the
fact that these compounds are mobile during electrophoresis owing to their small size.
The results show that the free dye is the strongest inhibitor. The binding of
Cibacron Blue to dextran somewhat decreased its affinity to the enzyme. The strenght
of the interaction between the enzyme and the macromolecular inhibitor is not greatly
influenced by the size of the dextran molecule. This fact is apparent from the results
of kinetic measurement as well as from the values of disscciation constants determined
by means of electrophoresis (Table I). The degree to which dextran with a relative
molecular mass of 70 000 was substituted by the dye did not significantly influence
the values of inhibition and dissociation constants (Table II).

The binding of Cibacron Blue to dextran decreased the affinity of the dye to the
enzyme (Table I). It was of interest therefore to investigate the interaction of lactate
dehydrogenase with Cibacron Blue bound to another type of polysacharide. Experi-
ments were performed with hydroxyethyl-starch derivatives of Cibacron Blue with
a relative molecular mass of 127 000, 402 000 and 1 902 000. Kinetic measurements

I TaBLEI

nteraction of Cibacron Blue and Cibacron Blue dextrans with lactate dehydrogenase from
bovine heart muscle. CB Cibacron Blue, CBD Cibacron Blue dextran (the numerals state the
relative molecular mass of the polysaccharides). K dissociation constant of the enzyme-inhibitor
complex determined by means of affinity electrophoresis, K; inhibition constant determined by
kinetic measurements

Degree of _s K', 107°

Inhibitor substitution Kin.uo]lo’l mol/l isoenzyme
y /

kmol/CB/g 1 m I
CB — 09 - — —
CBD-5 000 50-1 2-1 — - —
CBD-10 000 631 23 — -— —
CBD-40 000 67-9 77 57 4-6 1-9
CBD-70 000 77-0 4-2 37 2:6 2:0
CBD-500 000 67-9 39 31 2-8 2-1
CBD-2 000 000 67-2 30 33 2:8 1-9
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showed that the inhibition constants were 3 to 5 times higher than the inhibition
constants of Cibacron Blue dextrans. The values of the dissociation constants of the
complex of lactate dehydrogenase with hydroxyethyl-starch Cibacron Blue, deter-
mined by affinity electrophoresis, were 2 to 3 times higher than the values corres-
ponding to the dextran derivatives. Unsubstituted polysacharides did not affect
enzyme activity, nor did they influence electrophoretic mobility at the concentrations
used.

DISCUSSION

In our previous work®, we used rabbit muscle lactate dehydrogenase purchased from
Boehringer. We did not succeed in determining the character of the inhibition or
inhibition constants in kinetic measurements performed with the enzyme preparation.
As we discovered later on by means of electrophoresis, the preparation contained at
least 4 isoenzymes that differed significantly in the way they were composed of H
and M subunits. The interaction of the subunits with triazine dyes differs*!? and
this may be the reason why our kinetic measurements yielded results that were difficult
to evaluate.

In order to investigate the interaction of lactate dehydrogenase with macromole-
cular derivatives of triazine dyes, we prepared the enzyme ourselves from bovine
heart muscle. Our preparation also contained three isoenzymes, but electrophoresis
showed that 809, was formed by the H subunit. Apart from kinetic measurements,
we also determined the dissociation constants of the enzyme-inhibitor complex using
affinity electrophoresis'!**3 which allowed the determination of these constants for
the individual isoenzymes separately.

TaBLE II

Influence of the substitution degree of dextran by the dye on the interaction of the inhibitor with
bovine heart lactate dehydrogenase. The relative molecular mass of the dextran used was 70 000.
K dissociation constant of the enzyme-inhibitor complex determined by affinity electrophoresis,
K; inhibition constant determined by kinetic measurements, CB Cibacron Blue

-5
Degree of s K . 10
substitution K;. Ilo/l mol/1 isoenzyme
ol/CB mo —
Hm / /g I 11 III
59-0 3-8 31 2.7 21
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The results obtained by the two methods showed that inhibition of lactate dehydro-
genase by the dye was competitive to NADH. Triazine dyes may therefore be assumed
to have a structural arrangement similar to the coenzyme. The inhibition and disso-
ciation constants of the enzyme-inhibitor complex, calculated from results of our
experiments with Cibacron Blue dextrans, agree with the data published*'!* on that
complex of the commercial preparation of Blue Dextran from Pharmacia with heart
actate dehydrogenase.

The kinetic determination of the inhibition constants allowed us to compare the
affinity of free Cibacron Blue with the affinity of macromolecular derivatives of the
dye. The values obtained in experiments with Cibacron Blue bound to dextrans and
to the branched a-glucane (hydroxyethyl-starch) give eivdence that the addition of
the macromolecular component to the dye decreased its affinity to the enzyme.
Although we tried a wide scale of dextrans with relative molecular weight ranging
from 5 thousand to 2 million, neither of the methods used revealed any influence of
the size of the molecule on the affinity of inhibitor to the enzyme. The hydroxyethyl-
-starch derivative of Cibacron Blue had a lower affinity to lactate dehydrogenase
than dextrane derivatives. The two types of polysaccharides used (dextran and
amylopectin) differ considerably in the main and side glycoside bonds, in the branch-
ing of the side chains and in the regularity of the branching!*~ 1, These differences
are the reason for different conformations of the a-glucans in solution.

The results suggest that the binding site for triazine dyes is located on the enzyme
in such a way that even a dextran molecule with a relative molecular weight of 5 000
can create certain steric hindrance. It is known that the triazine dyes are bound
to the enzyme at the coenzyme binding site. The site is located in a relatively deep
pocket in lactate dehydrogenase, according to Holbrook and coworkers'’. Our
results corroborate this conception of the structure of the coezyme binding site of the
active center of lactate dehydrogenase.
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