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ABSTRACT 

1,6-Anhydro-#?-D-mannopyranose was polymerized in the presence of chloro- 
acetic acid. A high-molecular-weight fraction insoluble in 80% ethanol was isolated 
and studied. Periodate-oxidation studies showed the polymer to contain 42% of 
(l--&)-like linkages, 36% of (l-+4)- or (142)~like linkages, and 22% (1+3)-like 
linkages. End-group analysis gave d.p. = 113. The synthetic n-mannan reacted 
vigorously with concanavalin A, indicating that it was a highly branched polymer 
containing multiple c+D-mannopyranosyl residues at chain ends. A synthetic D- 
mannan obtained by the polymerization of D-mannose in the presence of phosphorous 
acid gave a much weaker reaction with concanavalin A, and two synthetic, linear 
polymers failed, as expected, to form a precipitate with this plant protein. 

INTRODUCTION 

The chemical synthesis of polysaccharides has stimulated a good deal of interest, 
especially during the past ten years ‘. Recently, methods have been developed for the 
stereospecific polymerization of sugar derivatives to give polymers of defined linkage- 
typezm6 . 

In view of our interest in protein-carbohydrate interaction7’s1 we have 
prepared a synthetic D-mannan and have investigated its interaction with con- 
canavalin A. This plant protein forms a precipitate with biopolymers containing 
terminal, non-reducing cc-D-glucopyranosyl, or-n-mannopyranosyl, and /3-D-fructo- 
pyranosyl residues. We have suggested that concanavalin A, although more limited in 
its specificity compared with certain anticarbohydrate antibodies, can be considered 
as belonging to this class of “protein reagents”, all of which may be used for the 
detection and preliminary characterization of various structural features present in 
complex carbohydrates. (See Heidelberger12 for a review.) 

This report describes the acid-catalyzed, addition polymerization of 1,6- 
anhydro-j?-n-mannopyranose and the isolation of a high-molecular-weight D-mannan 

*Present address: Banting and Best Institute, Department of Medical Research, Toronto, Canada. 
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Paper-chromatographic analysis of polymers and dialyzates. - The four 
dialyzates from polymer I as well as polymers I and II were chromatographed 
[10:4:3 (v/v) ethyl acetate-pyridine-water] against D-mannose. Sugars were visualized 
using the silver nitrate-sodium hydroxide reagent’*. Dialyzates I and II had com- 
ponents migrating with the mobility of mannose and higher saccharides, dialyzate III 
had only higher saccharides. Dialyzate IV, as well as polymers I and II, were immobile 
in this solvent system. 

Periodate oxidation of polymer Ii. - To a solution of polymer II (132 mg) in 
cold water (10 ml) was added ice-cold 0.2~ sodium periodate solution (25 ml) and 
the volume was adjusted to 50 ml. A control solution (without polymer) was prepared 
similarly. Both blank and reaction solutions were kept at 5” in the dark. Periodically, 
aliquots were removed and titrated for periodate consumption and formic acid 
liberation by using standard thiosulfate solution to titrate the iodine liberated upon 
addition of potassium iodide. On a dry-weight basis, the periodate consumption and 
formic acid liberation per D-mannosyl residue was 1.20 moles/mole and 0.42 moles/ 
mole, respectively, after 69 h (constant). 

Reaction of synthetic D-mannan with Fehling solution. - Addition of Fehling 
solution to an aqueous solution of the synthetic D-mannan (10 mg of polymer II in 
1 ml of water) gave an immediate precipitate. 

End-group anaZysislg ofpolymer II. - To a solution of polymer II (26.7 mg, dry 
weight) in water (1 ml) was added sodium borohydride (30 mg) and the reaction was 
allowed to proceed for 49 h at 23”. The reaction mixture was adjusted to pH 5.5 
(acetic acid), cooled to 5” and cold 1.0~ sodium metaperiodate solution (2.5 ml) was 
added. The reaction volume was adjusted to 25 ml and the reaction flask was kept at 
5” in the dark. A control solution containing all components except polymer II was 
prepared similarly. At various time intervals, aliquots (2 ml) were removed and 
analyzed for formaldehyde” giving the following results. 

Time: (h) 2 
(/cg) 6.25 z.5 :;.l 

120 169 
HCHO: 78.1 78.1 (2.6 _timoles) 

When polymer II (26.7 mg, 165 pmolesj was oxidized directly with sodium 
metaperiodate (no prior reduction with borohydride) and analyzed for liberation of 
formaldehyde as above, there was obtained 34.3 pg (1.14 pmoles) of formaldehyde 
after 169 h (constant)_ 

If it is assumed that the difference in the amount of formaldehyde produced 
upon periodate oxidation of borohydride-reduced polymer II and native polymer II 
represents the proportion of formaldehyde liberated from the reducing-end alditol 

residue, then the d.p. can be calculated from the formula’ ‘: 

d.p. = Y(30 x n) 

162X ’ 

in which Y = wt (g) of polymer; X = wt (g) of HCHO (mol wt 30); n = moles of 
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HCHO liberated from the reducing end-group (n = 2 for a C-3 or a C-4 linked end- 
group, n = 1 for a C-2, C-5 or C-6 linked end-group; 162 = wt (g) of monomeric 
residue. 

Since the nature of the end-group linkage is unknown, it was further assumed 

that n = 1; and thus d.p. = 113. 
S&dies on periodate-oxidized, reduced polymer I.. - Polymer II (45 mg, dry 

weight) was oxidized with 0.1~ sodium metaperiodate for 69 h at 5” as above. The 
reaction mixture was neutralized with barium carbonate, filtered and the filtrate and 
washings were concentrated. The residue was dissolved in water (5 ml) and the 
solution added to a solution of sodium borohydride (97 mg) in water (1 ml). After 
4.5 h, an additional portion of sodium borohydride (100 mg) was added and the 
reaction mixture was kept for 20 h. The reaction mixture was neutralized (acetic 
acid), treated with Amherlite IR-120 (H+), and filtered. The filtrate was evaporated 
and anhydrous methanol was evaporated several times from the residue to remove 
methyl borate. 

A solution of the residue in 1.25~ sulfuric acid (3 ml) was heated for 3 h on a 
boiling water bath. The reaction mixture was cooled, treated with Amberlite IR45 
anion-exchange resin, and filtered into a 25-ml volumetric flask. The washings from 
the resin were added and the volume was adjusted to 25 ml. Paper-chromatographic 
analysis of the hydrolyzate [4:5:1 (v/v) butyl alcohol-ethanol-water] showed the 
presence of glycerol, erythritol, and man&e (alkaline silver nitrate spray-reagent ‘*). 

Mannose in the hydrolyzate was determined by quantitative paper chromato- 
graphy (48 h in above solvent system) with the phenol-sulfuric acid method’ ‘. Found: 
9.68 mg. 

Erythritol was determined, after elution from the same chromatogram, by the 
method of Lambert and Neishzo. Found: 5.46 mg. 

Glycerol was determined by an enzyrnic procedure with glycerol dehydro- 
genase 21. Found: 10.5 mg. 

Precipitation reaction between concanaualin A and the synthetic D-mannan. - A 
quantitative precipitation study was conducted between concanavalin A (36.9 pg N) 

40- -40 
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Fig. 1. Quantitative precipitation curve of synthetic D-mannan (polymer II) with concanavalin A. 
The total amount of synthetic D-mannan in the precipitate is also ikstrated. Concanavalin A, 
36.9 N. pg 
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and increasing quantities of polymer II (0.01-0.5 mg), as described previouslyg. The 
carbohydrate content at each stage of the precipitation curve was also determined9 
and the results are presented in Fig. 1. 

By the procedure of So and Goldstein ‘, the solubility of the concanavalin A- 
polymer II D-mannan was determined to be 0.3 pg N/ml. 

Interaction of the synthetic D-mannan prepared by Mora et al. l4 with con- 
canavalin A (48.3 pg N) was studied. The precipitation curve is presented in Fig. 2. 

IO 
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Fig. 2. Quantitative precipitation curve of synthetic D-mannan (Moral*) with concanavslin A 
(48.3 pg N). 

The linear o-mannan from Dr. Schuerch was tested at levels of 40, 100, 150, 
200, 300, and 500 pg against concanavalin A (40 pg N and 120 pg N) and failed to 
form a precipitate. The synthetic D-mannan prepared by O’Colla and Lee” also 
failed to react with concanavalin A (5, 15,25, 50,250, and 500 pg D-mannan against 
40 pg and 120 pg of concanavalin A nitrogen, respectively). 

DEXXJSSION 

Addition polymerization of 1,6-anhydro-p-D-mannopyranose in the presence of 
cbloroacetic acid** gave rise to a yellow glass from which a fraction insoluble in 80% 
ethanol was isolated in 20% yield and selected for study. The polymer was non- 
dialyzable, immobile on paper chromatograms, and precipitated readily upon addition 
of Fehling solution. It consumed 1.20 moles of periodate and liberated 0.42 molar 
proportions of formic acid per o-mannosyl residue. These results correspond to the 
presence of 42% (1+6)-like linkages, 36% (144)- or (1+2)-like linkages, and 22% 
(1+3)-l&e linkages. Borohydride reduction of the periodate-oxidized D-mannan 
followed by complete acid hydrolysis afforded glycerol (53 mole %), erythritol (21 
mole %), and D-mannose (26 mole “A). 

Molecular-weight determination was conducted by an end-group procedurelg 
which involved determining the quantity of formaldehyde liberated upon periodate 
oxidation of the native and the borohydride-reduced polymer. This method gave 

d.p. 113, assuming that the reducing-end o-mannosyl residue liberated one mole of 
formaldehyde [i.e. n = 1 (ref. 1911. 

In this connection it is noteworthy that the native polymer liberated 1 mole of 
formaldehyde for every 148 D-mannosyl residues, suggesting the presence of D- 

mannofuranosyl residues unsubstituted at C-5 and C-6. Such residues were reported 
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for a D-&lCaU synthesized by Mora et al. 2 3-z 5 and analyzed by Dutton and Unraut6. 
Dutton and Unrau have also demonstrated the presence of furanose residues in a 
synthetic D-mannan”. 

These results point to a complex, randomly-polymerized structure containing a 
wide variety of glycosidic linkages. The presence of a substantial proportion of 
periodate-resistant D-mannose residues indicates the existence of (1+3)- or multiply- 
linked [e.g. (1+2) and (1+4)] mannosyl residues. The high proportion of glycerol 
attests to the presence of a substantial number of (l-&)-linked residues and/or 
terminal D-mannopyranosyl residues. 

Although periodate-oxidation studies give no information concerning the 
branching frequency of the polymer, it is probable that this synthetic D-mannan is a 
highly branched structure; in fact its interaction with concanavalin A is completely 
consistent with such a suggestion. 

The interaction of concanavalin A with the synthetic D-mannan (polymer Ii) is 
presented in Fig. 1. The curve is quite typical of polysacsharides reactive with con- 
canavalin A, rising sharply to a maximum (48 pg of D-mannan added); at this point, 
90% of the concanavalin A added was found in the precipitate. The solubility of the 
precipitate (0.3 pg N) is characteristic of highly branched a-D-mannans' r_ This 
interaction of polymer II with concanavalin A is strong evidence for the presence of 
many terminal, nonreducing a-D-mannopyranosyl residues. 

On the other hand, the D-mannan obtained by polymerization of D-mannose in 
the presence of phosphorous acid’ 4 gave a much weaker reaction with concanavalin A 
(Fig. 2) precipitating only 21% of the protein at the point of maximum precipitation. 
In this example there are apparently far fewer sites available for interaction with 
concanavalin A. Mora et aZ.14 commented that this polymer appears to be less 
branched than their D-glucan, and attribute this difference to the lower temperature 
and shorter heating cycle employed in its preparation. 

The (1+6)-a-D-mannopyranan*’ @In + 122” in methyl sulfoxide, prepared by 
Schuerch by the same procedure”s4 he employed in the synthesis of an (1-6)~Z-D- 
glucopyranan) gave, as expected, no reaction with concanavalin A; nor did the 
synthetic D-mannan prepared by O’Colla and Lee l5 by the melt polymerization of 
1,2,3,4-tetra-0-acetyl-fi-D-mannopyranose in the presence of zinc chloride. (Chemical 
investigation showed this polymer to be mainly an a-D-(l-+6)-linked polymer having 
a Pa of 10.) These results confirm the linear nature of these latter two polymers. 

Diffusion studies on agar gel with the synthetic D-mannan (polymer II) 
described in this investigation have already been presented’. The relatively broad 
precipitation band formed when concanavalin A and polymer II interacted indicate 
the synthetic D-mannan to be quite polydisperse. Furthermore, the closeness of the 
precipitation band to the well containing concanavalin A, relative to the position of a 
precipitation band (very sharp) between yeast D-mannan (from 5’accharomyce.s 
cerevisiae) and concanavalin A,also indicates the synthetic polymer to be a mixture of 
low-molecular-weight species; end-group analysis as performed in this study supports 
this view. 
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