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EFFECT OF MALTOSE ON ACID REVERSION MIXTURES
FROM D-GLUCOSE IN RELATION TO THE FINE
STRUCTURES OF AMYLOPECTIN
AND GLYCOGEN!

M. L. WorLrroMm, A. THOMPSON, AND R. H. MoORE

ABSTRACT

The products obtained by heating very dilute maltose and p-glucose mix-
tures in acid solution in a boiling water bath for 8 hours are not markedly
different from those produced from b-glucose alone under the same condi-
tions of concentration, acidity, and temperature.

Fragmentation analysis of glycogen and amylopectin by partial
acid hydrolysis followed by chromatographic separation of the frag-
ments as their acetates, done in this laboratory, has furnished qualita-
tive evidence for the presence of a-d-(1— 6) (12,17) and a-D-(1 — 3)
(14,15) linkages in these polymers. During acid hydrolysis, a-D-(1 — 3)
linkages disappear (16) at a slightly faster rate than ¢-p-(1 — 4) link-
ages, the a-0-(1 — 6) linkages at about one-fourth this rate. Thus a good
portion of the o-p-(1— 3) linkages originally pr.esent will dlsappear
during the partial hydrolysis.

The criticism that the anomalous linkages may have arisen as a
result of reversion of p-glucose during the hydrolysis has been success-
fully answered by reversion studies on p-glucose (9,10). Beta-gentiobiose
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octaacetate, easily isolable from acetylated reversion mixtures, can
serve: as. a‘nﬂ indication of the extent of a reversion reaction. However,
Manners (5) has raised a further criticism by stating that the crystal-
line ¢-»-(1 — 3)-linked g-nigerose octaacetate, isolated in. the indicated
yields from the fragmentation of amylopectin (0.5%,) and glycogen
(0.0019,) (14,15), may have been produced by “acid-transglucosidation”
(8) of maltose which was also present as a hydrolytic fragment. To sup-
port his statement he cites the work of Pazur and Budovich (7) in
which they claim to have prepared nigerose by acid treatment of a mix-
ture of p-glucose and maltose in greater yield than from an equivalent
amount of p-glucose. In the work of Pazur and Budovich the compara-
tive yields of nigerose were determined on crude syrupy products by
an indirect analytical procedure. The comparative yields were of the
same order of magnitude, and indistinguishable within the accuracy
of the method. Moreover, ‘the 309, concentration of carbohydrates
used would produce such large quantities of known reversion products
that any, other possible effect would be eclipsed. Hydrolysis, being a
first-order reaction, is independent of initial concentration, but the
reverse process, reversion, is bimolecular and therefore hlghly concen-
tration-dependent.

Materials and Methods

Maiterials. The p-glucose used in this work was commercial C.p.
dextrose. Maltose as it is supplied usually contains substantial quan-
tities of p- glucose and polymeric material. The maltose was specially
purified by means of adsorption on a carbon column. Maltose (80 g.
of “c.p. maltose”) was dissolved in 500 ml. of water and placed on a
column (750 X 75 mm. of Nuchar C Unground, a product of the West
Virginia Pulp and Paper. Co., Chicago, Ill.). The column was washed
with 16 liters of water which was discarded. This was followed by 9
- liters of 39, ethanol. The ethanol effluent was evaporated to a syrup
which showed upon paper chromatographic examination only traces
of p-glucose as impurity. The syrup slowly crystallized from methanol;
yield, 40 g.

Acid Treatment of p-Glucose and Maltose Mixture. A mixture of
7.5 g. of p-glucose and 28.5 g. of maltose was dissolved in 9,350 ml. of
0.08N hydrochloric acid and held at 99°C. for 10 hours. These condi-
tions were chosen to match those used in previous fragmentation
(12,14,15,17) and reversion studies with p-glucose (10) made in this
laboratory. The acid-treated sugar solution was cooled and neutralized
by passage through a column (500 X 75 mm.) of Duolite A4 (OH-
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form) (a product of the Chemical Process Co., Redwood City, Calif.).
Four such runs were made using a total of 30 g. of p-glucose and 114
g. of maltose. . _

Removal of p-Glucose from the Acid-Treated Mixture. The neutral
solution from each run was percolated in turn through a column
(650 X 70 mm.) of Nuchar C Unground, and washed with water. after
each addition, until the efluent reacted negatively to Benedict solu-
tion. The effluent was evaporated under reduced pressure to a-syrup
and was further dried by distillation with methanol; yield, 132.2 g.

The column was then washed with 10 liters of 259, ethanol, until
the effluent reacted negatively to Benedict solution. The ethanolic
effluent was evaporated under reduced pressure to a syrup which was
further dried by distillation with methanol; yield, 11.1 g.

Paper-Electrophoretic and Chromatographic Examination of the
Fractions. Analysis of the aqueous fraction by paper electrophoresis
in borate buffer at pH 10 showed only p-glucose with silver nitrate and
alkali indicator (11). A paper chromatogram developed with 1-butanol-
ethanol-water (4:1.1:1.9) and sprayed with silver nitrate and alkali
showed principally p-glucose with a small amount of 1,6-anhydro-g-o-
glucopyranose and possibly p-fructose. When sprayed with reagents
giving specific color tests with ketohexoses (p-anisidine and resorcinol
reagents) (3), the material was indicated by color and mobility to be
fructose, in comparison with a known sample.

Analysis of the 259, ethanol fraction by electrophoresis in borate
buffer at pH 10, indicated with silver nitrate and alkali reagent,
showed principally maltose, with a small amount of material with the
mobility of a (1 — 6)- or (I — 8)-linked disaccharide. ,

Paper chromatograms developed with I1-butanol-ethanol-water
(4:1.1:1.9) and indicated with silver nitrate and alkali showed prin-
cipally maltose, with small amounts of p-glucose and 1,6-anhydro-g-p-
glucopyranose, a significant amount of (1 — 6)-linked disaccharide,
and a trace of nigerose. Other disaccharides were not resolved.

Acetylation of the Polymeric Fraction. The dried syrup, 11.1 g.,
from the 39, ethanol effluent from the carbon column was acetylated
by heating with a mixture of 5.5 g. of sodium acetate and 60 g. of acetic
anhydride at the boiling point. The solution was cooled and poured
into 500 ml. of ice and water and stirred for 4 hours. The mixture was
extracted with chloroform, washed with water, dried with anhydrous
sodium sulfate, and evaporated to a syrup; yield, 20 g.

Silicate-Column Chromatography of the Acetylated Polymer Frac-
tion. The acetylated syrup was placed in 5-g. portions on each of four
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Magnesol-Celite columns (270 X 75 mm.) and developed with ben-
zene:2-methyl-2-propanol (100:1 by volume) as described by Thomp-
son, Wolfrom, and Quinn (10) for the similarly prepared reversion
product from p-glucose alone. The considerable amount of g-maltose
octaacetate present made the chromatography difficult, but small
amounts of crystalline gentiobiose octaacetate, tri-O-acetyl-1,6-anhy-
dro-g-p-glucopyranose, and B-maltose heptaacetate were isolated and
identified; no octaacetate of nigerose was obtained.

Results and Discussion

A study using maltose and p-glucose (2:1 molar ratic) in a com-
bined concentration of 0.49, in 0.08N hydrochloric acid has been
detailed. The experiment produces data comparable with those ob-
tained with the use of p-glucose (10) alone. The amounts of reversion
material were small. Although paper-chromatographic evidence was
found for the presence of traces of nigerose, the quantity was so small
that none was isolated as the acetate by silicate chromatography of
the acetylated disaccharide fraction.

The term ‘““transglycosylase” (1,2) has been employed to indicate a
type of enzyme capable of transferring glycosyl groups from one posi-
tion to another. The term “transglycosylation” follows as the name of
the reaction. The present authors agree with Isbell and Frush (4) that
it is desirable to restrict this term to enzymatic processes. The common
occurrence of transglycosylation reactions in enzymatic processes makes
enzymatic reactions of doubtful value for the elucidation of structure,
although there is evidence that low substrate concentrations may mini-
mize this effect. '

The conclusion must be reached that there is no evidence to. indi-
cate the occurrence of any transfer of p-glycosyl groups from one posi-
tion to another in aqueous acid which cannot be explained by hydroly-
sis and reversion. There is no evidence to indicate that the type of
linkages found in reversion products is influenced by the nature of
the starting material. Therefore, the g-nigerose, a-D-glucopyranosyl-
(1 - 8)-gp-glucopyranose, octaacetate isolated in the fragmentative
hydrolysis of amylopectin (14) and glycogen (15), is a true finding and
is not an artefact. Indeed, since the relative ease (16) of hydrolytic
splitting of the a-p-(1 — 3) linkage is so close to that of the o-D-(1 — 4)
bond, the amount of the former type of union preformed in amylo-
pectin and glycogen must be greater than is indicated by the amount
actually isolated.

“Incidentally to the above work, paper-chromatographic evidence
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~ was obtained for. the formation of fructose as an acidic interconversion
product of p-glucose, in confirmation of the results of Ohno and Ward
(6). Wolfrom and Shilling (13) have established, on an isolative basis,
the. formatioti of ‘a*small amount of p-glucose in a heated aqueous
solution of p-fructose. :
A small amount of g-maltose heptaacetate was found in‘the acetyla-
tion products and had been reported (17) earlier in the acetolysis of
amylopectin. Its origin from maltose is under further investigation.

Acknowledgment

This work was supported by a grant from the Corn Industries Research Foun-
. datlon, Washington, D.C.

Literature Cited

1. DoUDOROFF, M., BARKER, H. A., and Hassip, W. Z. Studies with bacterial sucrose
phosphorylase. 1. The mechanism of action of sucrose phosphorylase as a
glgcgse transferring ‘enzyme (transglucosidase). J. Biol. Chem.- 168 725-732

1947)

2. HEH(RE E.J. Enzymlc synthesis of polysaccharides: A biological type of polymen-
‘zation. Advan. Enzymol. 11: 297-337 (1951).

3. HoucH, L., Jongs, J. K. N., and WapmaN, W. H. Quantitative analysis of mix-
tures of sugars by the method of partition chromatography. V. Improved
methods for the separation and detection of the sugars and their methylated
derivatives on the paper chromatogram. J. Chem. Soc. 1950: 1702-1706.

4. IseeLL, H. S, and FrusH, HARRIET L. Chemistry of the carbohydrates. Ann. Rev.
Biochem. 22: 107-124 (1953).

5. MANNERs, D. J. Structural analysis of polysaccharides. Royal Institute of Chem-

istry, ‘Lectures, Monographs and Reports No. 2, pp. 1-39 (1959)."

. OnNo, Y., and Warp, K., Jr. Acid epimerization of p-glucose. J. Org. Chem. 26:

. 3928-3931 (1961).

.'Pazur, J. H., and BupovicH, TANIA. The preparation of 3-O-a-D- glucopyranosyl-

‘ Dglucose J. Am. Chem. Soc. 78: 1885-1887 (1956).

.. TAureL, K., IwaiNsky, H., and RurtLorr, H. Zur Transglyc051d1erung im saurem

Milieu. Naturwiss. 42: 626 (1955); J. prakt. Chem. [4] 4: 89-98 (1956).

. THOMPSON, A., ANNo, KiMIKO, WoLFrROM, M. L., and INATOME, M. Acid rever-

sion products from p-glucose. J. Am. Chem. Soc. 76: 1809-1311 (1954).
10.. THOMPSON, A., WoLFROM, M. L., and- QuINN, E. J. Acid reversion in relation
to isomaltose as a starch hydrolyuc product. J. Am.' Chem. Soc. -75: 3003-
3004 (1953). ’ :

11. TREVELYAN, W. E., PROCTER, D. P., and HarrisoN, J. S. Detection -of 'sugars on
paper chromatograms Nature 166: 444445 (1950).

12. WoLFROM, M. L., LASSETTRE, E. N., and O'NE1LL, A.'N. Degradation of glycogen

to isomaltose. J.'Am. Chem. Soc. 78: 595-599 (1951).
13. WorrroM, M. L., and SHILLING, W. L. Action of heat on p-fructose. III. Inter-
. conversion to p-glucose. J. Am. Chem. Soc. 73: 3557-3558 (1951).

14. ' WorLFroM, M. L., and THoMPsoN, A. Occurrence of the (1 —>'8) linkage in
starches. J Am Chem. Soc. 78: 4116-4117 (1956).

15. WorLrroM, M. L., and THOMPSON, A. Degradation of a glycogen to 1soma1tose
and mgerose J Am. Chem. Soc. 79: 42124215 (1957).

16. WorLFroMm, M. L., THoMPsON, A., and TIMBERLAKE, C. E. Comparauve hydroly-
sis rates of the reducmg disaccharides of D-glucopyranose Cereal Chem 40:
82-86 (1963).

17. WorLrroM, M. L., TyREE, J. T., GaLgowski, T. T., and ONEILL,_A N. Acid

degradation. of amylopectin to isomaltose and maltotriose. J. Am Chem Soc.

73: 4927-4929 (1951)

© o N o




