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1. Introduction

Phosphofructokinase from rabbit skeletal muscle
exists in differently aggregated molecular forms [1].
Its smallest enzymatically active unit has a molecular
"w'eig,ut of about 370,000 and is able to dissociate into
inactive subunits [2, 3] . The inactivation of phospho-
fructokinase is prevented by its substrate fructose 6-
phosphate and other metabolites, which are known
as positive effectors of the enzyme (e.g. inorganic
phosphate, fructose 1,6-diphosphate, glucose 1,6-di-
phosphate, AMP, etc.). Reactivation of the inactivated
enzyme has aiso been observed {3, 4] . The present
study demonstrates that inactivation of phosphofruc-
tokinase may also be inhibited by specific antibodies.
Furthermore, it will be shown that activation of phos-
phofructokinase by its antibodies may be observed

under certain conditions.

2. Materials and methods

Crystalline phosphofructokinase of about 230
units/mg specific activity was prepared from rabbit
skeletal muscle according to {5]. This enzyme lost
about half of its specific activity during 12 mon stor-
age.

Antibodies against phosphofructokinase were ob-

tained by immunizine 2 2 mon gld wether A total of
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25 mg crystalline enzyme was thoroughly emulsified
in complete Freund's adjuvant (Behringwerke, Mar-
burg) and injected i.m. within 2 weeks. The antibody-
containing serum was fractionated with Na,SO, (6]
and the precipitated y-globulin fraction was redissol-
ved in 0.9% NaCl. Before use, the antibodies were ex-
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haustively dialyzed against incubation buffer.

All experiments were controlled using the corres-
pondingly isolated vy-globulin fraction of a non-im-
munized wether of the same strain and age. Additions
al controls were performed also in a globulin-free sys-
tem. 1‘40 UIIICICIILC wads, IlOWCVCI OD&CIVCG oetWt:en
these 2 types of control experiments.

The assay for phosphofructokinase contained in
1 ml volume: 50 umole triethanolamine- HCl, 5 umole
EDTA, 8 umole MgSO,, 0.4 umole NADH, 1 umole
ATP, 3 umole fructose 6-phosphate, 100 ug aldolase,
30 ug triosephosphate isomerase, and 80 ug glycerol-

phosphate dehydrogenase; pH 7.6. Protein concen-
trations were determined according to {7].

3. Results

The influence of antibodies on the specific activity
of rabbit muscie phosphofructokinase is shown in fig.
1 and 2. Curve A in fig. 1 represents specific activities

of phosnhofructokinase samnples which were incubated

PRUSPUOIILRUILRIIASC SAllIpiss WILIlIL WOIC aliLivace

with increasing amounts of antibodies. In this series
of experiments, antibody—antigen complexes were
not removed. The incubation system contained 0.1 M
imidazole and 0.2 M KCl, pH 7.5. Rabbit muscle phos-
phofructokinase does not exhibit full specific activity
under the conditions of this preincubation. It may be

caen that the activity of the anzvme (19 11nite/mo at
seen inat tne acuvity Of Ing enzyme (15 units/mg at

zero antibody concentration) was increased by low
concentrations of antibodies and reached a maximum
of 99 units/mg in the presence of 12.7 ug y-globulins.
At higher antibody concentrations, however, the ac-
tivity of the enzyme was reduced and finally reached
the level of the control.
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Fig. 1. Specific activities of phosphofructokinase in the pre-
sence of antibodies. 0.047 mg crystalline phosphofructokin-
ase, dissolved in 1 ml 0.1 M imidazole-HCl and 0.2 M KCl,
pH 7.5, were incubated with increasing amounts of antibody-
containing y-globulins, as indicated on the abscissa. Curve A
{a—a) represents specific activities as measured after 15 min
incubation at 22° without centrifugation. Curve B (a—2):
activities in the supernatants after centrifugation (4 min,
20,000 g) as referred to the initial phosphofructokinase con-
centrations.

Curve A of fig. 2 shows a parallel experiment, which

was performed in a different buffer system: 0.1 M
potassium phosphate, pH 7.5, containing 0.2 M KCl
and 0.1 mM fructose 1,6-diphosphate. As is illustrated
by Curve Ain fig. 2, the activity of the enzyme
amounted to 103.5 units/mg in the antibody-free con-
trol assay and no change in enzyme activity was de-
tected in the presence of increasing amounts of anti-
bodies.

Curves B of fig. 1 and 2 refer to experiments in
which precipitable enzyme—antibody complexes were
removed by centrifugation. Activity determinations
were performed in the remaining supernatants. (Pro-
tein concentrations in fig. 2 were not corrected for
precipitated enzyme.) There is no linear relationship
between the concentration of antibodies and the
amount of enzyme precipitated.

Another series of experiments is summarized in
fig. 3. In this graph specific activities of phosphofruc-
tokinase were plotted against enzyme concentration
in the test. As was confirmed by previous studies [3],
a distinct decrease in the specific activity of phospho-

FEBS LETTERS

February 1972

70+

60+

50+

404

30

Units/mg Phosphofructokinase

204

104

0 10 20 30 40 50 60
#g Y- Globulins

Fig. 2. Specific activities of 0.035 mg/ml phosphofructokin-
ase, which was incubated with increasing amounts of anti-
bodies in 0.1 M phosphate buffer, containing 0.2 M KCl and
0.1 mM fructose 1,6-diphosphate, pH 7.5. Curve A (A—4):
without centrifugation, Curve B (58—2): activity in the super-
natants after centrifugation (4 min, 20,000 g).

fructokinase was observed when the enzyme was di-
luted in the absence of stabilizing substances, such as
the substrate fructose 6-phosphate or positive effec-
tors of the enzyme. This type of inactivation is also
visible in curve B of fig. 3. Curve A refers to experi-
ments in which the enzyme was preincubated with
its antibodies before dilution. It is obvious that in
the presence of antibodies, the inactivation of phos-
phofructokinase was largely prevented.

4. Discussion

Inhibitory effects of antibodies on enzymes were
reported in numerous cases. So far, however, only
few examples are known in which enzymes are acti-
vated by their antibodies [7, 8] . Under the conditions
of this study, there is no inhibitory effect of antibod-
ies on phosphofructokinase, thus suggesting that the
active center was not a determinant for antigenic ac-
tivity. On the other hand, the antibodies protected
phosphofructokinase from inactivation by dilution
[3] . The loss in activity at low enzyme concentrations
is most probably caused by dissociation into inactive
subunits, most probably with a molecular weight of
180,000. The antibodies seem to stabilize the active
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antibodies led to an increase to almost the same speci-

é % 2 fic activity as measured in a system which contained
£ l optimal concentrations of the low molecular weight
g 60 . 1 activators inorganic phosphate and fructose 1,6-di-

g 50— _2_._./ ] phosphate. At higher antibody concentrations, this

g effect was reversed. Parallel experiments showed that
a 407 l the addition of antibodies had no effect on phospho-
% 304 1 fructokinase activity, when the enzyme was already
5 L ] activated by fructose 1,6-diphosphate. The activation
g by antibodies could be due to hindered dissociation
3 9 and/or a conformational change of the enzyme, caused
g o Qe e — . by a special combination of enzyme and antibodies,
f.) : pg Phosphofructokinase /mi which was not present at higher concentrations of

antibodies. From this point of view, the effects de-

Fig. 3. Specific activities of phosphofructokinase after dilu- monstrated in fig. 1 and 3 would be generated by
tion in 0.1 M imidazole buffer, pH 7.3. Different amounts of

phosphofructokinase were incubated for 15 min in the pre- different mechanisms and would be possibly due to
sence (Curve A, ®—e) of 4.3 mg/ml antibody-containing - heterogeneous types of antibodies or to different
globulins or the same concentration of antibody-free y-globu- states of the antigen—antibody complexes.
lins (Curve B, o—0), The abscissa refers to the final concen-
trations in the assays, for which the enzyme was diluted 25-

fold after incubation.
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an increase in specific activity.
When phosphofructokinase was preincubated in an
activator-free buffer system, low concentrations of
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