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ABSTRACT

Two purified lectins, namely, wheat-germ agglatinin (from Triticum vulgaris)
and the hemagelutinin from Ricinus commmunns seeds, -eadily form a precipitate with
pneumococcal S-14 polysaccharide, whereas the Bandviraea simplicifolia tecun (BS 1)
does not. Exhaustive periodate oxidation and borohydride reduction of S 14 modifies
terminal f-D-galactopyranosyl residues. as well as chain D-glucopyranosy! residues,
and abolishes reactivity with both the R. communis lectin and wheat-germ agalutinin.
Controlled periodate oxidation follonwed by Smith degradation cleaves only terminal
p-p-galaciopyranosyi residues, giving a hinear polymer, the structure of which was
determined by methylauon analysis. This derived polymer, containing (1 —+6)-linked
2-acetamido-2-deory-f-D-glucosyl residues, readily precipitated wheat-germ
agglutinin, but not the R. communis lectin.

INTRODUCTION

Carbohydrate-binding proteins (lectins) are proving to be useiul reagents for
probing siructural features of polysacchandes (inciuding Preurnococcus S-12
capsular polysaccharide)! ~? and glycoproteins*°. These plant and animal agglutinins.
especially in their immobilized form, are also finding application n the 1solation of
carbohydrate-containing macromoleculgs, including cell-surface glycoproteins™ ' 2.

We now report on the use of several plant lectins for investigating Prneumococcus
type-14 capsular polysaccharide, (S 14), the structure of which is reported in the
preceding communication'?. The interaction of S 14 with crude extracts of R.
communis aud T. rulgaris has been reported previously!*-17,

RESULTS AND DISCUSSION

S 14, obtained from the same source as reported in the previous paper!?, gave
precipitin-like curves with both wheat-germ aggluiinin and the lectin from R.

*On feave from Department of Organic Chemistry, Arrhentus Laboratory, Umversity of Stochholm.
S-104 035 Stockholm, Sweden.
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communis (RCA,) (Fig. 1), but not with the a-p-galactopyranosyl-biading lectin from
B. simplicifolia seeds. The R. communis lectin cannot distinguish =- and g-p-galacto-
pyranosyl residues'®-2°, whereas the B. simphcifolia lectin (BS I) interacts only with
a-D-galactopyranosyl end-units (and to a lesser extent with 2-acetamido-2-deoxy-«-
D-galactopyranosyl residues, which are not present in 8 14). These results confirm

the presence of f-D-galactopyranosyl end-groups in S 14 (¢f Ref. 22).
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Fig. 1. Preaipiiation off S 14 by wheat-germ ageluimin and R commums leclin: (@&—— @), wheat-
cerm agzlutinin (150 ug of protern per tube); (O ——OV), R. communis lectin (65 pg of protein per
tube); 1in a total volume of 250 ul.

Fig. 2. Periodate consumption of S {4 n 0 02M sodium metaperiodate at 4- 1o the dark.

Formation of a specific precipitate between S 14 and wheat-germ agglutinin is
noteworthy, because this is the first time that a 2-acetamido-2-deoxy-f-p-gluco-
pyranosyl residue substituted at borh the O-4 and O-6 positions hias been shown to
interact with the punfied lectin. Wheat-germ agglutinin has a combining site com-
plementarny to a tri-N-acetylchutotriosyl unit®*?-?%. The lectin also reacts with
terminal, non-reducing 2-acetamido-2-deovy-g-pD-glucopyranosyl groups and with
non-contiguous, internal, (I—4)-linked 2-acetamido-2-deoxy-f-D-glucopyranosyl
residues, as they occur, for example, in keratan?®.

S 14 reduced three molar equivalents of periodate per tetrasaccharide unit
(Fig 2) over a period of 15 days: this is consistent with the ovidation of the terminal,
as well as the (1 —=4)-linked, f-D-glucopyranosyl units. Not surprisingly, the derived
S-14 polyalcohol, obtained by reduction of the polyaldehyde with sodium boro-
hydride, no longer reacted with the R. communis lectin.

On the other hand, the lack of reacuvity of S-14 polyaicohol with wheat-germ
agglutinin was somewhat surprising; perhaps ihe lecun is sterically hindered by the
hydroxyl groups of the oxidized-reduced residue attached to O-4 of (1—6)-linked
2-acetamido-2-deoxy-B-b-glucosyl residues.

In another experiment, the periodate oxidation of S 14 was terminated after
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1 day, at which time ~ 1.4 molar equivalents of periodate per tetrasaccharide unit had
been consumed. The product was reduced with sodium borohydride and subjected to
a Smith degradation. The resuluing polymer. isolated by dialysis followed by freeze-
drying, was methylated by the Hakomori technique®”. G.l.c.-m.s.2®:2° analysis of
the resulting O-methyl sugars. as their alditol acetates, gave 2.4.,6-tri-OJ-methyl-
p-galactose and 2.3,6-tri-O-methyl-D-glucose in the ratio of 1:0.91. A peak correspon-
ding to 2-acetamido-2-deoxy-3 +-di-O-methvl-D-glucose was also obtaired. but no
2.3.4.6-tetra-O-methyl-p-galactose was found The resulis clearly indicate that pre-
ferential oxidation and cleavage of the single-unit, f-pD-galactopyranosy! stubsin S 14
bad occurred. and indicate that the repeating unit of the Smith-deeraded S 14 has
structure 1.

—6)-B-D-GlcNAcp-(1—+3)-8-D-Galp-(1 —)-fi-D-Glep- ([ —
]

The obsenation that this polymer (I) forms a precipitate with wheat-germ
agglutinin (Fig. 3) marhks the first time that (1 = 6)-linked 2-acetamido-2-deoxy-p-
glucosyl residues have been shown to interact with wheat-germ agglutinin It has been
noted previously that methyl 2-acetamido-2-deosy-6-O-methyl-x-p-glucopyranoside
inhibited agglutination of rabbit erythrocytes by wheat-germ agglutinin®®. In
accordance with the result of the methylation analysis, 1 did not form a precipitate
with R. comnuuiis lectin (Fig. 3).
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Fig. 3. Precipitation of Smith-degraded S 14 by wheat-germ agpelunimin and R. commnms lectin
@ @, wheat-germ agglutinin (15C ua of protein per tube); X X . R. comninms lecun (65 ug
of protein per tube); 1n a total volume of 250 ul.

This study represents a further example of how pure lectins of hnown specificity
may be used as structural probes and as tools for assessing the results of chemical
modification and degradation studies.
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EXPERIMENTAL

Materials. — Wheat-germ agglutinin was obtained from Calbiochem. San
Diego, Cal., U.S.A. Ricinus communis lectin RCA; was a gift from Dr. M. E. Ewzler
of the Univearsity of California. Davis, Cal.; Bandeiraea simplicifolia lectin (BS 1) was
prepared by the procedurs of Hayes and Goldstein?'.

The capsular polysaccharide of Pneumococeus 1ype 14 (lot 116R) was obtained
from E. R. Squibb & Sons. New Brunswick, N.J., U.S . A.

Precipitin reaction. — Quantitative precipitin reactions were performed by a
microprecipitin technique*®. Increasing amounts of S 4 or modified S 14 dissolhved in
PBS-Ca [phosphate-buffered saline (0.01nm phosphkate, pH 7.0: 0.15m NaCl) with
0.1mm CacCl, (for R. communis lectin and B. simplicifolia lectin)] or PBS [phosphate-
buflered saline (0.01M phosphate, pH 7.0; 0.156m NaCl) (for wheat-germ agglutinin)]
were added to duplicate tubes containing lectin and PBS-Ca or PBS in a final volume
of 250 pl. After incubation at room temperature for 48 h, the precipitates were
collected by centrifugation and washed with PBS-Ca or PBS as descnibed. Protein in
the precipitates was determined with the Folin-Ciocalteau phenol reagent by the
method of Lowry ef al.?!: crystalline, bovine serum albumin was used as standard.

Periodate oxidanion. — Pernodate consumption was determined by the method
of Fleury and Lange3?. S 14 (10 mg) was dissolved in 0 02u sodium metaperiodate
(20 ml). The solution and a control laching S i+ were incubated in the dark at 4-.
After complete ovide tion (15 days: periodate consumption 3.1 mol./tetrasaccharide
unit), excess of pertodate was precipitated with barium cartonate. The polyaldehyde
was reduced with sodium borohydride (30 mg) for 205 at room temperature.
Acidification (acetic acid) to pH 6 3 desiroyed residual borohydride The reaction
mixture containing the S-14 polyalcohol was dialvzed against water and lyophilized
(yield. 7.6 mg).

Preparation of Smith-degraded S 14. — S 14 (4 mg) was treated with 0.02Mm
sodium meiaperiodate (S mb) in the dark at 4° for 24 h. After neutralization (BaCO,).
the oxidized S 14 was reduced with sodium borohydride (15 mg)in the usual way. The
solution was acidified to pH 1.0 with 0.5um sulfuric acid and kept at 257 for 24 h33,
The solution containing Smith-degraded S |4 was neutralized (BaCQ;). dialyzed
against water., and lyophilized (vield. 2.0 mg).

Methylation analysis of Smitk-degraded S [4. — The polysaccharide (~1 mg)
was methylated according to Hakomori??. and the product dialysed free of reagents.
The recovered material was hydrolysed with 90°%, aqueous formic acid followed by
0.13»m aqueous sulfuric acid. After neutralizauon (BaCO,). the sugars were trans-
formed into alditol acetates by reduction with sodium borohydride followed by
acetylation with acetic anhydride-pyridine®®. G.l.c -m.s. apalysis was performed on
columns of 3%% of OV-225 at 170° (for neutral sugar derivarives) and 3% of OV-17 at
1907 (for acetamido sugar derivatives). The compounds were idenufied from their
7 values?® and mass spectra’3-78:2%,
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