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Summary. Polymorphonuclear leucocytes (PMNL) undergo a marked activation of
their oxidative metabolism upon interaction with surface-reactive soluble stimuli as well
as with phagocytosable objects. To get some insight into the mechanism of this
stimulation, we have compared the stimulatory activity of the tetravalent lectin con-
canavalin A (Con A) with that of the divalent derivative succinyl-Con A (S-Con A). Both
lectins bind to the PMNL surface to the same extent. S-Con A, however, is much less
efficient in stimulating the PMNL metabolism. When S-Con A-treated PMNL are
further reacted with antiserum to Con A, a potentiation of the metabolic stimulation is
observed. Normal serum or addition to PMNL of antiserum to Con A in the absence of
lectin has no effect. Furthermore, if S-Con A is displaced from its receptors on the cell
membrane with «-methyl mannopyranoside, the addition of antiserum fails to cause a
respiratory stimulation. These results suggest that the initial triggering of the metabolic
stimulation of PMNL is in part accomplished through cross-linkage of membrane
constituents.

A perturbation of the surface of cells, such as that due to the binding
of a ligand to specific receptors of the plasma membrane [3, 11, 12, 33],
may lead to an alteration of intracellular metabolic pathways. A well-
known example of cell response to surface perturbation is the stimulation
of the oxidative metabolism of the polymorphonuclear leucocytes (PMNL)
provoked by their interaction with a variety of surface-reactive stimuli as
well as with phagocytosable objects [1, 8, 17, 19-27, 29, 32, 35]. The
mechanism by which the perturbation of the PMNL surface gives rise to
the metabolic activation is not clear. After studying the stimulatory
activity of multivalent ligands such as antibodies against PMNL surface
antigens and either soluble or immobilized concanavalin A (Con A) [19,
22, 27], we suggested that the triggering of the metabolic activation of
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PMNL is not merely provided by the ligand-receptor interaction but by a
surface redistribution of the ligand-receptor complexes [20, 23]. Grounds
for support of this hypothesis are furnished by the observation that
receptor crosslinkage may play a role in the effects of some ligands on
cells. In fact, fragments of antibodies or lectin derivatives with reduced
valency, but with unaltered receptor binding properties, usually induce
modified cell responses with respect to the parent molecule [5-7, 11, 18].
For example, divalent succinyl-Con A stimulates lymphocyte growth but,
unlike the parent tetravalent lectin, shows no inhibition of mitogenesis
[6, 7, 33]. Unlike Con A, succinyl-Con A also fails to inhibit virus release
from infected cells [18]. Furthermore, while Con A inhibits growth of
chick embryo fibroblasts after release from serum starvation, succinyl-
Con A does not exhibit this inhibitory effect [11].

To gain some evidence of a possible role of receptor cross-linking in
the activation of the PMNL oxidative metabolism, as suggested by our
hypothesis [20, 23], we have now compared the stimulatory efficiency of
tetravalent Con A and divalent succinyl-Con A. In addition, since it is
known that the surface mobility of bound Con A is greatly affected by
anti-Con A antibodies [31], we have studied the effect of an anti-Con A
serum on the metabolism of PMNL prelabeled with either succinyl-
Con A or Con A.

Materials and Methods
Lectins

Con A was purchased from Sigma Chemical Co. and [*H(G)] Con A (38.8 Ci/mmol)
from New England Nuclear. Succinyl-Con A (S-Con A) was prepared from native Con A
as described by Gunther et al. [6], lyophilized and dissolved before use in 0.154 M NaCl
Labeled S-Con A was obtained by succinylation of a mixture of Con A (20 mg) and [*H]
Con A (20 uCi). The protein concentration of the lectin solutions was estimated by the
method of Lowry et al. [10], with bovine serum albumin as standard.

When subjected to polyacrylamide gel electrophoresis, performed according to the
method described by Davis [4], S-Con A showed a major sharp band and a very minor
faint one with lower mobility, corresponding to that of the bulk of native ConA.
Densitometric scanning revealed that this minor band accounted for less than 2% of the
total protein of the samples.

Comparative assays of mitogenic properties of Con A and S-Con A carried out with
human blood lymphocytes provided results similar to those reported by Wang et al. [33]
and by Hadden et al. [7].

The anti-Con A goat serum (Miles-Yeda) contained 2.7 mg antibody per ml; before
being used, it was extensively dialyzed against isotonic NaCl at 4°C to get rid of
merthiolate, which inhibits PMNL oxidative metabolism. Under all the experimental
conditions employed, the complex formed between the lectin and its antibody did not
form a visible precipitate.
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Cell Metabolism

Guinea pig peritoneal exudate cells were obtained as previously described and
suspended in calcium-free Krebs-Ringer phosphate (KRP) [34]. As judged by differential
counts of May-Griinwald-Giemsa stained smears, PMNL were more than 90%, of the
total white cells.

PMNL respiration was monitored at 37 °C with a Clark-type oxygen electrode [21,
22,25, 27, 34, 35]. The oxygen consumption by untreated PMNL is inhibited by cyanide,
whereas the stimulated respiration is insensitive to this inhibitor [20, 23, 29]. To better
show the respiratory enhancement, we thus incubated the cells for 5 min with 1 mm KCN
before their exposure to the stimulants. These were directly added to the cell suspensions
in the electrode vessel [34], and, as reported in previous publications [20, 22], maximal
stimulation of the rate of PMNL respiration was observed within about 1 min after their
addition to the cells.

The activity of the hexose monophosphate (HMP) pathway was assayed by measur-
ing the production of **CO, from 1-**C-glucose [22], which was added to PMNL
suspended in KRP containing 0.2 mM glucose, in the absence or in the presence of either
Con A or $-Con A. The increased yield of '*CO, from 1-**C-glucose was proved to be
due to the activation of the HMP pathway and not to increased glucose uptake after
establishing that the rate of oxidation of 6-'*C-glucose was not modified by the exposure
of PMNL to the lectins [22].

Lectin Binding to the Cells

Either [*H] Con A plus 80 pg unlabeled Con A (1850 cpm/ug) or 80 pug [*H] S-
Con A (400 cpm/pg) were dissolved in 0.65 ml KRP, containing 0.2 mM glucose and 1 mm
KCN, and incubated at 0°C in plastic vials. 1 x 107 PMNL in 0.35 ml of the same
medium were added to the lectin solutions; after 10 min at 0°C the suspensions were
diluted with 9 ml of cold KRP and PMNL sedimented (200 g, 5 min). After two washings
with KRP, the pellets were dissolved in 5ml of Aqualuma (Lumac System AG) and
counted in a Beckman LS-230 liquid scintillation counter. The low temperature for the
binding assays was chosen to minimize cell aggregation and possible trapping of free
lectin molecules within the cell aggregates. Specific binding was determined by the
difference between total binding of Con A or S-Con A and binding obtained in the
presence of 0.1 M a-methyl mannopyranoside («-MM, Sigma Chemical Co.).

Cell aggregation was monitored by light microscope observation of PMNL in-
cubated at 37°C for 4 min with either Con A or S-Con A (100 ug/ml) and then diluted
with a solution of trypan blue (0.1% in isotonic NaCl).

Results

Activation of PMNL Oxidative Metabolism

As shown in Fig. 1, at any concentration tested S-Con A appears to
be much less efficient in stimulating the oxygen uptake by PMNL than
the parent lectin. Similar results are found when comparing the stimu-
latory activity of Con A and S-Con A on the rate of 1-'*C-glucose
oxidation through the HMP pathway of PMNL (Fig. 2).
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Fig. 1. Dose-response curve of stimulation of PMNL respiration by concanavalin A

(—o—) and by succinyl-concanavalin A (—e—). The rate of oxygen consumption by 2 x 107

guinea-pig PMNL, suspended in KRP with 0.2 mm glucose and 1mm KCN, was

monitored at 37 °C with a Clark-type electrode. The rate of respiration of untreated cells,

which was less than 15 natoms 0/min, was subtracted from that of stimulated cells. The
points are means of at least three experiments +SEM
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Fig. 2. Dose-response curve of stimulation of 1-'*C-glucose oxidation by guinea-pig

PMNL treated with concanavalin A (—o—) or succinyl-concanavalin A (—e—). 5x 10°

PMNL in 1 m]l of KRP with 0.2 mM glucose were incubated at 37 °C; the lectins and 0.25

uCi of 1-'*C-glucose were added, and the incubation was continued for additional
10 min. '*CO, was trapped in KOH and counted by liquid scintillation [22]
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Fig. 3. Polarographic trace of oxygen consumption by PMNL. 2 x 107 guinea-pig PMNL

in 2ml of KRP with 0.2 mM glucose and 1 mm KCN (37 °C) were stimulated with S-

Con A (80 ng/mi), followed by anti-Con A serum (AS, 27 ug antibody/ml). Tangential
lines (interrupted) were drawn to better show the change in the rate of cell respiration
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Fig. 4. Potentiation of respiration of PMNL treated with concanavalin A (—o—j} or

succinyl-concanavalin A (—e—) by anti-Con A serum. 2 x 107 guinea-pig PMNL in 2 ml

of KRP with 0.2 mm glucose and 1 mm KCN (37°C) were stimulated with 80 pg of

Con A or S-Con A; when cell respiration reached a steady rate (see Fig.3), the anti-

Con A serum was added. The potentiation of PMNL respiration is expressed as %,

increase with respect to the rate of respiration recorded before the addition of the anti-
Con A serum
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Table 1. Effect of anti-Con A serum on PMNL respiration stimulated by S-Con A or

Con A
Lectin concentration Rate of respiration
(ug/ml) (oxygen natoms/min)

Before AS After AS

S-Con A 40 8.0 15.2
60 12.0 18.8

80 14.3 322

120 17.9 32.6

180 26.0 41.2

Con A 10 36 9.8
20 9.8 17.9

40 322 322

60 45.7 45.7

80 63.6 63.6

2% 107 guinea-pig PMNL in 2ml of KRP with 0.2mM glucose and 1 mM KCN were
stimulated at 37°C with either S-Con A or Con A. When cell respiration reached a
steady rate, anti-Con A serum (AS) was added at a final concentration of 27 ug of
antibody/ml. Data are means of two experiments (the rates of respiration of untreated
cells were subtracted).

Since it is known that the biological activity of divalent Con A is
increased after reaction with anti-Con A antibody [6, 30], PMNL treated
with S-Con A were further exposed to anti-Con A serum. By increasing
the amount of antibody added to the S-Con A treated cells, a gradual
potentiation of the respiratory stimulation is observed (Figs. 3 and 4).
When Con A replaces its succinyl derivative (at the same concentration
of 40 pg/ml), the anti-Con A serum does not produce any potentiation of
the stimulus (Fig. 4). As shown in Table 1, an increase of the stimulatory
effect of Con A by the antiserum occurs only at low lectin concen-
trations, whereas a potentiation of S-Con A stimulatory activity by
antibody is obtained in a wide range of concentrations of the divalent
ligand in the medium.

That the observed potentiation of the PMNL respiration by anti-
Con A serum is due to a specific interaction between antibodies and
surface-bound lectins, was confirmed by three types of control experi-
ments. First, the addition of antiserum to cells in the absence of lectins
has no effect on the basal respiration of PMNL. Second, comparable
amounts of normal goat serum do not increase the respiratory stimu-
lation exerted by S-Con A. Third, when S-Con A or Con A are displaced
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from the cell surface by a-MM, a procedure which rapidly abolishes the
respiratory stimulation [20, 22], the subsequent addition of antiserum
does not modify the cell metabolism.

Lectin Binding

PMNL incubated at 0 °C for 10 min with either the tetravalent or the
divalent lectin (80 pg/ml) bind 0.47+0.12 pg Con A/1 x 107 cells and 0.48
+0.07 pg S-Con A/1x 107 cells, respectively (means of three determi-
nations +SEM; difference of the means not significant by Student’s “t”
test). This result is consistent with the unaltered carbohydrate binding
properties of S-Con A reported by others [6, 18, 30].

An evaluation of cell aggregation by lectins offers an indirect in-
dication of their ability to cross-link receptors on the cell surface [6, 30].
At 100 pg/ml and 37°C both Con A and S-Con A cause aggregation of
PMNL, as judged by light microscope observation. In the presence of the
divalent lectin, however, the aggregates are smaller and about five times
fewer cells are agglutinated as in the presence of Con A.

Discussion

Succinylation of tetravalent Con A produces a dimeric lectin with
unmodified carbohydrate binding properties but with altered biological
activities [6, 11, 18, 30, 33]. The S-Con A derivative is capable of binding
to PMNL membrane and occupies the same number of surface receptor
sites as the intact molecule. However, S-Con A has reduced capacity to
agglutinate PMNL as compared to intact Con A, and causes a stimu-
lation of the PMNL oxidative metabolism, whose intensity is much
lower than that exerted by tetravalent Con A. Addition of anti-Con A
serum to PMNL previously reacted with S-Con A, greatly potentiates
the respiratory activation produced by the lectin alone. The effect of the
serum is due to the presence of specific antibodies against Con A and can
be abolished by dislodging the lectin from its surface binding sites by
means of o-methyl mannopyranoside. We thus conclude that the meta-
bolic activation of PMNL is triggered by lectin molecules bound at the
exterior surface of the cell [20], and that the potentiation of the meta-
bolic activation by anti-Con A serum is caused by the interaction be-
tween the antibody and receptor-bound lectins.
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Con A-receptor complexes are known to aggregate on the cell surface
with a reduction in their lateral mobility [6, 22, 28, 30, 317. Schlessinger
et al. [31] have shown that the rate of lateral transport decreases more
rapidly the higher the Con A dose and that S-Con A-receptor complexes
are very mobile, their mobility being rapidly abolished by anti-Con A
antibodies.

These observations might be utilized to postulate that also on the
surface of PMNL the S-Con A-receptor complexes incur little aggre-
gation and that the metabolic stimulation of PMNL by ligands such as
Con A is proportional to the extent of receptor cross-linkage. The
marked potentiation of the metabolic activation of S-Con A-treated
PMNL by anti-Con A antibodies is consistent with this assumption.

In this view, the failure of antibodies to modify the respiration of
PMNL reacting with tetravalent Con A at concentrations =20 ug lec-
tin/ml might be ascribed to at least two events. First, concentrations of
Con A=20 pg/ml might produce a rapid and extensive formation of
clusters of Con A-receptor complexes, whose topographical distribution
on the PMNL surface would not allow further aggregation by the
antibody molecules. Secondly, Con A, which agglutinates PMNL more
efficiently than S-Con A, might be particularly concentrated in regions of
interactions between cells, thus being not accessible to the antibody. In
both cases, further addition of Con A would cross-link still uncomplexed
receptors and, in contrast to the antiserum, increase the metabolic
activation.

It is possible that surface aggregation of macromolecules might also
provide the initial trigger of metabolic activation of PMNL by other
stimulants such as phospholipase C [17], La®* [21], Ca’™ ionophores
[21, 23], amphipathic molecules [8, 35] or phagocytosable objects [1, 23,
24, 26, 29]. In fact, phospholipid splitting and charge neutralization by
appropriate counterions are known to cause an aggregation of negatively
charged macromolecules in the plane of the membrane [13, 14]. Further-
more, an increase in cytosol concentrations of Ca?* may cause seques-
tration of proteins into specific membrane domains by promoting clus-
ters of membrane lipids [14, 15]. Finally, phagocytosis alters the surface
topography of PMNL as indicated by a rapid decrease in plasma
membrane viscosity, probably linked to a lipid phase separation, and by
a specific redistribution of lectin receptors [2, 16].

This work was supported by grants from the National Research Council of Italy,
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Note Added in Proof

T.Yasaka and T.Kambara have recently shown that S-Con A is about one half as

active as the parent lectin in stimulating the respiration of gninea pig PMNL (Fig. 1, Biochim.
Biophys. Acta 508:306, 1978). In their experiment they have used a rather high lectin/cell
ratio (100 pg Con A or S-Con A and 4.4 x 10° PMNL/ml), i.e, a concentration of Con A
corresponding to the descending limb of the dose-response curve. Their conclusion that the
valency of the lectin is not essential for the metabolic activation appears, therefore, to have
no grounds.
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