Vol. 116, No. 2, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
October 31, 1983 Pages 541-546

INTERACTION OF DICTYOSTELIUM DISCOIDEUM o-MANNOSIDASE
WITH BEEF LIVER PHOSPHOMANNOSYL RECEPTOR!

Effect of Alkaline Phosphatase Treatment
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Both intracellular and secreted a-mannosidase from D. discoideum bind
quantitatively and specifically to immobilized phosphomannosyT receptor from
beef Tiver. Almost all the intracellular enzyme molecules retain tight
binding capacity subsequent to exhaustive alkaline phosphatase treatment.
This supports the idea that uncovered phosphates are not essential for
optimal recognition by the phosphomannosyl receptor. However, approximately
50% of the extracellular enzyme was converted to a weak binding form by the
same treatment.

Mammalian acid hydrolases contain phosphorylated oligosaccharides
(1,2,3) which are recognized by a membrane-bound receptor (4,5). The
phosphorylated oligosaccharides contain an underiying high mannose backbone
(1,2,6) and are thought to play a role in intracellular sorting (7,8). The
phosphoryl groups are linked to 6-methoxy moieties of mannoses.
Oligosaccharides which contain two phosphomonoesters {one of which is on the
branch linked «-1,3 to the g-linked mannose) exhibit optimal binding to the
receptor (9,10,11). However, because lysosomal enzymes contain numerous
oligosaccharide chains each of which is subject to structural heterogeneity,
it has been suggested that their tight binding to receptor may also be
achieved by other oligosaccharides which bear two uncovered phosphates (11)
or even by the combined interaction of several weakly binding

phospho-oligosaccharides with partially or totally covered phosphates (12).
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Phosphomannosyl receptors will also interact with acid hydrolases from

Dictyostelium discoideum and subsequently trigger their endocytosis by human

fibroblasts (13). These enzymes have come into increasing use as reagents
for purification of mammalian receptor and as analytical probes for the
detection and study of the receptors in mammalian cells (10,11,12,14,15,16).
A systematic study of the binding properties of D. discoideum a-mannosidase
showed that the qualitative nature of its interaction with fibroblast
receptor is identical to that of mammalian lysosomal enzymes (17). The
findings of Freeze et al. indicate this is also true of slime mold
g-glucuronidase (18).

Freeze et al. (19) found the phosphorylated oligosaccharides derived
from D. discoideum acid hydrolases were almost entirely blocked by acid
stable groups. We show here that the binding of intracellular a-mannosidase
to beef liver receptor is unaffected by alkaline phosphatase treatment.

This supports the idea that tight binding can be achieved even if all the
involved phosphoryls are blocked. However, tight receptor binding to
secreted a-mannosidase is partially destroyed by alkaline phosphatase

treatment. Possible reasons for these differences are discussed.

MATERIALS AND METHODS

D. discoideum strain Ax-2 was grown in 12 Titers of HL-5 (20) media
until cells reached stationary phase. Cells (1.5 x 1011) were separated
from media and lysed in 5 mM phosphate, pH 6.5, with 1% Triton X-100.
a-Mannosidase was purified from the cell lysate (intracellular enzyme) and
from the growth media (secreted enzyme) as previously described (21). Both

reparations were exhaustively dialyzed against 20 mM MES, pH 6.5, 0.1 M
ﬂacff and 0.01% sodium azide before alkaline phosphatase treatment. Beef
1iver phosphomannosyl receptor was purified from commercial acetone powders
(Sigma Chemical Co., St. Louis, Missouri) by specific elution with Man-6-P
from a column of immobilized phosphoglycoproteins, obtained from D.
discoideum secretions (11), coupled to Affigei-10 as previously described
(11). E. coli alkaline phosphatase (Type III-S) and other reagents were
obtained from Sigma Chemical Co.

Alkaline phosphatase treatment and receptor binding studies were

erformed as follows: In each case, 100 units of a-mannosidase were
incubated in 1 ml of 20 mM MES, pH 6.5, 0.1 M NaCl, 0.01% sodium azide
(reaction buffer) and the indicated units of alkaline phosphatase, at 20°C
for 24 hrs. (One unit of alkaline phosphatase is that amount of enzyme
which will degrade 1 nM of 4-methylumbelliferyl-phosphate under the
conditions described above.) Then 1-3 units of treated a-mannosidase were
added to binding buffer (20 mM MES, pH 6.5, 1 mg/ml human serum albumin,
0.05% Triton X-100, 0.1 M NaCl, and 0.01% sodium azide) and applied at a
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flow rate of 2 mi/hr to 0.4 ml of Affigel-10-phosphomannosyl receptor,
pre-equilibrated in this buffer. The column was washed with 2 ml of binding
buffer then with 3 ml of 5 mM Man-6-P in binding buffer. a-Mannosidase in
each 0.25 m1 fraction was assayed as previously described (21). Seventy to
100% of the applied units were recovered. Activity is reported as percent
of units recovered per fraction.

RESULTS AND DISCUSSION

a-Mannosidase, purified from lysed D. discoideum cells, was bound
quantitatively to a beef liver phosphomannosyl receptor column and was
specifically eluted by 5 mM Man-6-P (Fig. 1A). This result is in agreement
with our previous finding that nearly all molecules of this enzyme could be
taken up by human fibroblasts (13). The interaction of the enzyme with
receptor was essentially unaffected by different alkaline phosphatase
treatments (Figs. 1B,C). (No more than 17% of tight binding capacity was
lost). Since the chemical evidence (19) indicates that most of the

phosphates on the enzyme exist as phosphodiesters, this resistance to
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Figure 1. Effect of alkaline phosphatase on the interaction of
IntraceTlular a-mannosidase with phosphomannosyl-receptor. A) Incubated
without added alkaline phosphatase. B) Incubated with 80 units of alkaline
phosphatase. C) Incubated with 80 units of alkaline phosphatase during
dialysis. Incubations were performed in test tubes (A and B) or in a
dialysis bag which was stirred in 500 ml of reaction buffer (C). The number
under the peak represents the percent of recovered units eluted by Man-6-P.
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phosphatase treatment can most easily be explained by the idea that a

phosphomonoester is not critical for recognition of enzyme by receptor. The
view that the phosphates, while accessible to immobilized receptor, are
unavailable to phosphatase, although formally possible seems unlikely. Most

other trivial explanations tend to be obviated by the experiments with
secreted enzyme presented below which, in addition to yielding further
information, serve as a positive control for the results obtained with the
intracellular enzyme,

a-Mannosidase, purified from the spent medium of stationary phase cells,
was also tightly bound to phosphomannosyl receptor and could be eluted with
5 mM Man-6-P (Fig. 2A). Unlike intracellular enzyme, a major fraction of
secreted enzyme (40-50%) was converted to weak binding forms by two
different alkaline phosphatase treatments (Figs. 28,C). It would appear
that subsequent to phosphatase treatment the enzyme is heterogenous.

Whether a particular molecule will bind tightly or weakly may depend on the
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Figure 2.
secreted a-mannosidase with phosphomannosyl receptor.

alkaline phosphatase.

A) Incubated without

B} Incubated with 80 units of alkaline phosphatase.
€) Incubated with 80 units of alkaline phosphatase during dialysis.

See

methods and Fig. 1 for details of experimental procedure.
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number of appropriately phosphorylated oligosaccharides present or on the
nature of the phosphate blocking groups.

It seems the extent of blockade of phosphoryls on intracellular
a-mannosidase is greater than that on secreted enzyme. Freeze et al.
(19)performed their chemical studies on enzymes secreted by starved cells.
With regard to phosphate blockade, those enzymes behave more like
intracellular o-mannosidase than that secreted during growth. This could be
due to the presence of deblocking enzymes in spent growth media which
catalyze a slow conversion of phosphodiesters to monoesters. The
differences might also be generated during synthesis of a-mannosidase, if
molecules with unblocked phosphates are preferentially secreted during
growth, These alternatives are currently being evaluated.

The structure of the recognition marker on slime mold enzymes appears to
be different from that on mammalian enzymes. Determination of its exact
chemistry awaits analysis of structure binding studies. However, these fine
points of chemical difference between mammalian and slime mold enzyme do not
in anyway detract from the use of the latter as functional probes for the

mammalian receptor.
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