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cited, fail to show any deficiency of this enzyme in leukemic cells and the elevated
UDPG in myeloid leukemic cells remains unexplained. There appeared to be no corre-
lation with therapy or differential count, although in two cases of chronic myelocytic
leukemia studied prior to, and during treatment, there was an increase of the specific
activity.
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Interaction of concanavalin A, a phytohemagglutinin, with model substrates

Plant agglutinins, also referred to as phytohemagglutinins and lectins?!, have
been widely applied as reagents for typing blood? examining the nature of the carbo-
hydrate residues responsible for blood-group specificity® and separating Type A from
Type O cells. Besides agglutinating the erythrocytes of certain species, one of these
plant proteins, concanavalin A (refs. 4-6), also forms a precipitate with a variety of
related polysaccharides including glycogens®—®, amylopectins?, dextrans®19, and yeast
mannans?® 11,12,

From a study of the relationship of polysaccharide structure to the extent of
interaction with concanavalin A (ref. g) using both turbidimetric and agar-gel diffusion
procedures!?, it was concluded that only branched polysaccharides containing terminal
non-reducing «-D-glucopyranosyl or «-D-mannopyranosyl residues formed a precipi-
tate with this protein®. Mono- and oligosaccharides and modified sugars were found
to inhibit competitively the precipitation reaction between concanavalin A and poly-
saccharides!®, leading the authors to conclude that unmodified hydroxyl groups at
C-3, C-4, and C-6 of the D-arabino-hexopyranosyl ring system were necessary for inter-
action with the protein4. Compounds with the «-anomeric configuration were good
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inhibitors whereas the corresponding S-anomers were very poor or non-inhibitors.
More recently it was reported that certain levans also form a precipitate with con-
canavalin A (ref. 13). This was rationalized on the basis of common configurational
features, namely that the hydroxyl groups at C-3, C-4, and C-5 of g-n-fructofuranosyl
residues and «-D-glucopyranosyl units are of the same configuration despite the
different ring systems.

Although homopolymers, the polysaccharides cited above are polydisperse and
contain various types of glycosidic linkages. This complexity makes interpretation of
polysaccharide—concanavalin A interaction difficult. It was decided to use model
compounds in order to confirm the above conclusions and to demonstrate that these
interactions are specific and analogous in many respects to the antibody--antigen
system.

Formation of a three-dimensional lattice, (believed to be a prerequisite for the
formation of a precipitate between polysaccharide and concanavalin A) appears un-
likely with univalent haptens. (See, however, KOLECKI AND SPRINGER!.) However,
by coupling univalent haptens through covalent linkages to an inert macromolecule
(for example, by coupling p-aminophenyl glycosides to protein) it is possible to
produce a multivalent antigen. Such conjugates, provide a unique system for con-
trolling the nature and number of the mono- and oligosaccharide residues introduced.
These model substances also allow quantitative study of the reaction and permit
determination of the composition of the resultant precipitate by estimating the total
nitrogen and carbohydrate content.

The p-aminophenyl-B-glycosides of p-glucose, n-galactose, z-acetamido-z-deoxy-
D-glucose, maltose, cellobiose, gentiobiose and lactose, and the p-aminophenyl-
a-glycosides of p-glucose, D-mannose and 1L-fucose were synthesized and coupled by
diazotization to bovine serum albumin, using standard procedures. The carbohydrate
content of the conjugates was determined by the anthrone method. (z-acetamido-
2-deoxy-D-glucose was determined by a modification of the Elson-Morgan method.)

The reactivity of the carbohydrate—protein conjugates was examined using
both a precipitation procedure and two dimensional immunodiffusion in agar gel!?;

TABLE 1

PRECIPITATE FORMATION OF PROTEIN-CARBOHYDRATE CONJUGATES WITH CONCANAVALIN A

Nature of sugav motiety Number of sugay Reactivity of conjugates Precipi-

residues pev mole of (r mg and 5 mg[ml) tation band
bovine seyvum albumin  with concanavalin A in agar gel
(ro mg|ml)
a-p-Phenylazo-p-glucose 14.6 + +
B-p-Phenylazo-p-glucose 17.3 + +
a-p-Phenylazo-D-mannose 15.0 + -+
B-p-Phenylazo-p-galactose 14.6 — —
a-p-Phenylazo-L-fucose 19.0 - —
B-p-Phenylazo-2-acetamido-
2-deoxy-D-glucose 14.0 + +
B-p-Phenylazo maltose 15.1 + 4
B-p-Phenylazo cellobiose 15.1 — -
B-p-Phenylazo gentiobiose 15.0
B-p-Phenylazo lactose 15.5 - —
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results from both techniques were comparable. The phenylazo conjugates containing
the monosaccharides D-glucose, p-mannose and 2-acetamido-z-deoxy-D-glucose and
the dissaccharide maltose all gave distinct precipitation bands when allowed to diffuse
toward concanavalin A. All other carbohydrate—protein conjugates failed to react.
(See Table I.) When the diffusion plates were rinsed with dilute saline and layered
with a solution of methyl «-D-mannopyranoside (10 mg/ml) (an excellent inhibitor
of concanavalin A-polysaccharide interaction)!4, the precipitation bands disappeared
leaving only the faint orange color of the azo carbohydrate—protein conjugate which
remained at the site of the original band. The bands disappeared in the order z-acet-
amido-z-deoxy-D-glucose conjugate (15 min); «- and B-phenylazo-D-glucose (20 min),
maltose (40 min), b-mannose (300 min). This confirms our previous observations!314
regarding the binding affinity of these sugars, namely that the «-glycoside of p-man-
nose is bound most strongly followed by maltose, etc.

Qualitative precipitation tests were performed by adding concanavalin A (1 ml
containing 10 mg of partially purified protein) to two concentrations of conjugate
(1 ml containing 5 mg and I mg carbohydrate-protein conjugate) so as to insure
an excess of concanavalin A. The reaction mixtures were stirred and allowed to stand
at room temperature (25°) overnight. Immediate precipitation occurred in the case
of the p-mannose, D-glucose («- and B-phenylazo}, 2-acetamido-z-deoxy-D-glucose and
maltose conjugates; however, the D-galactose, L-fucose, cellobiose, gentiobiose, and
lactose conjugates gave no precipitate, even after standing several weeks at 3°.
Quantitative precipitation studies to obtain more definitive information on the nature
of the interaction are now in progress.

The specificity of the interaction was further demonstrated by examining the
action of various mono- and disaccharides on the precipitates formed above. At a
concentration of 10 mg/ml, 1 ml of solutions of D-galactose, melibiose, cellobiose and
lactose had no effect, whereas maltose or methyl «-D-mannopyranoside, even in much
lower concentration, rapidly and completely dissolved the precipitates in agreement
with previous studies!34,

The lack of reactivity of concanavalin A with bovine serum albumin itself, as
well as with the D-galactose, L-fucose, lactose, cellobiose, and gentiobiose conjugates,
suggests that the interaction of the carbohydrate—protein conjugate with concana-
valin A is specific and is dependent upon both the nature and anomeric configuration
of the sugar moiety. Comparison of the data on the maltose and cellobiose protein
conjugates indicates that an «-b-glucopyranosidic residue is required for the formation
of a precipitate since these sugars differ only in the anomeric nature of the glucosidic
bond linking the two glucopyranosyl residues. These studies further suggest that
branch points (such as occurs in glycogen) are not receptor sites necessary for precipi-
tate formation with concanavalin A, a requirement proposed by previous workers?8.

The fact that the B-p-phenylazo-p-glucose conjugate is highly reactive in the
concanavalin A system was unexpected. Earlier inhibition studies'* showed that
methyl «-D-glucopyranoside is a very good inhibitor of the concanavalin A—dextran
system, whereas methyl 8-D-glucopyranoside is a poor inhibitor. Recently phenyl
B-D-glucopyranoside and its p-nitrophenyl analogue were found to be relatively good
inhibitors, indicating that the aromatic aglycone may change the conformation of
the glucosyl residue rendering it more complementary to the concanavalin A binding
site; or more likely, that non-specific binding of the aromatic phenyl group occurs,
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probably to a corresponding hydrophobic region of the protein in close proximity to
the carbohydrate-binding region. This finding is analogous to several different sys-
tems!6:1” observed by investigators employing the hapten-inhibition technique. The
greater affinity which certain glycosidases display toward glycosides containing aro-
matic aglycones may also be cited®. Therefore it is not surprising that the g-p-phenyl-
azo-D-glucose-bovine serum albumin conjugate forms a precipitate with concana-
valin A. The same reasoning may also be applied to the 8-p-phenylazo-z-acetamido-
2-deoxy-D-glucose conjugate.

In addition to specific homopolysaccharides, concanavalin A will form precipi-
tates with more complex biopolymers as long as they contain the proper determinant
carbohydrate residues as non-reducing end units. These include certain lipopoly-
saccharides!®, pneumococcal polysaccharides?®, phosphomannans®® and also various
glycoproteins®. Other investigators have reported that concanavalin A forms a pre-
cipitate with serum proteins2:21. (See also R. MONTGOMERY, private communication.)
We now believe it is justified to conclude that it is the specific carbohydrate residues
of these biopolymers with which concanavalin A interacts. Thus, concanavalin A may
be considered as a specific protein reagent for the detection and preliminary charac-
terization of certain specific carbohydrate-containing biopolymers.
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