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COMPARATIVE HYDROLYSIS RATES OF THE REDUCING
DISACCHARIDES OF D-GLUCOPYRANOSE!

M. L. WorLrroMm, A. THoMPSON; AND C. E. TIMBERLAKE?

ABSTRACT

The hydrolytic reaction velocities of the eight reducing p-glucopyranose
disaccharides have been determined at 80° and 99.5° = 0.1°C. in 0.1N hydro-
chloric acid solution. These disaccharides are: kojibiose [a-D—(1 - 2)], soph-
orose [8-D—(1 = 2)], nigerose [a-p~(1 - 3)], laminaribiose [g-p—(1 - 3)],
maltose [a—D—(1 —» 4)], cellobiose [g-D~(1 — 4)], isomaltose [a-p~(1 — 6)], and
gentiobiose [g-pD—(1 - 6)]. The reactions of the more readily available sugars
maltose, cellobiose, isomaltose, and gentiobiose were followed by optical rota-
tion in a concentration of 29,; those of the others were followed by copper
reducing values using the Somogyi method, with 0.019, to 0.029, sugar con-
centrations. From these data the molar activation energies were calculated.

During the past several years considerable information concerning
the types of chemical linkages in various polysaccharides has been
obtained by fragmentation studies. In such work the polymer is
hydrolyzed in acid solution, in concentrations which would allow only
a negligible amount of reversion, and the known fragments are then
isolated and identified. The linkages found in the fragments so ob-
tained can then be assured to have been preformed in the polymer.
The success of this method depends largely upon the ability to pre-
dict the extent of hydrolysis necessary to produce maximum amounts
of the desired fragments. Thus the isolation of isomaltose from the
acid hydrolysates of glycogen (7) and amylopectin (10) succeeded only
after statistical analysis revealed that maximum amounts of the de-
sired fragment would be obtained when the hydrolysis had proceeded
to 89 and 919, respectively. Such calculations are based in part upon
the relative rates of hydrolysis of the chemical linkages in the polymer.
The general application of this principle to other polymers would
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require a knowledge of the relative hydrolysis rates of all the p-glucose
disaccharides which could be expected to result from the fragmenta-
-tion of p-glucans. The hydrolysis rates of maltose (2,5-7), cellobiose
(2,8), gentiobiose (2), and isomaltose (7), under various conditions of
temperature and concentration, have been reported previously. Ac-
curate hydrolysis data are needed for all the reducing disaccharides of
p-glucopyranose, under comparable conditions.

Materials and Methods

The specific reaction rate constants were calculated by the first-opder

reaction formula: :
_ 2.303 logro R,— R,

t R;,— R
in which R,, R, and R ., are measurable values related to the concen-
tration of disaccharide at the start, during, and at the end of the reac-
tion, and ¢ is time. The R values were determined either in terms of
optical rotations or in ml. of sodium thiosulfate solution equivalent to
the reducing sugar in an aliquot portion of reaction mixture. '

The Arrhenius energy of activation constant E was calculated by
means of the form of the Arrhenius equation (1):.

o logmﬁz . 2303 RT,T, \
ky T,—T,
in which R = the molar gas content, and '
k = the specific reaction constant at temperature 7.

The disaccharides sophorose, nigerose, laminaribiose, maltose, cel-
lobiose, and gentiobiose used in these studies were prepared in this
laboratory. Kojibiose was furnished to us by K. Matsuda.

The hydrolysis at 80°C. was carried out in a thermostatted water
bath. Two-gram portions of maltose, cellobiose, isomaltose, and. gen-
tiobiose were each dissolved in 100 ml. 0.1N hydrochloric. acid solu-
tion in volumetric flasks and placed in the water bath. The optical ro-
tations were measured at initiation of the reaction, and samples were
removed at- intervals and observed until no further change could be
noted in the rotational values. Kojibiose, nigerose, and laminaribiose
in 0.02%, and sophorose in 0.01%, concentrations were each dissolved in
250 ml. of 0.IN hydrochloric acid in volumetric flasks and placed in
the water bath. Aliquot portions of 5 ml. were analyzed by the So-
mogyi (4) copper. reduction method at the initiation of the reaction
and at intervals throughout until no further change took place. The .
reaction rates were calculated for each of the analyses. A boiling wa-
ter bath at a pressure ranging from 745 to 750 mm. (99.5° = 0.1°C.)
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was used as a heating medium at the higher temperature. The solu-
tions were sealed in tubes and immersed in the bath. The average
values, together with the mean variations, are recorded in Table I
and summarized in Figs. 1 and 2. Table I also records the molar ac-
tivation energies found.

Results and Discussion

The activation energies for maltose, cellobiose, and gentiobiose were
in good agreement with the values for these substances reported by
Moelwyn-Hughes (2) and for maltose by Sharples (3) (Table I).

\
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Fig. 1. Hydrolysis velocities of reducing disaccharides of p-glucose in 0.1N HCl
at 80°C. Concentrations: maltose, cellobiose, isomaltose, and gentiobiose, 2%,; soph-
orose 0.01%,; nigerose, laminaribiose, and kojibiose, 0.029%,.

Nigerose has been isolated, in low yield, as a fragmentation prod-
uct of starch (8) and glycogen (9). Our data show that while isomaltose
should be readily isolable from such hydrolysates, the hydrolytic rates
of maltose and nigerose are so similar and rapid that the amount of
nigerose isolable will always be well below that actually present.

The hydrolytic rate data (Figs. 1 and 2), at both temperatures,
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TABLE 1

. HyproLYSIS RATE DATA FOR THE REDUCING DISACCHARIDES OF
D-GLUCOPYRANOSE IN 0.1N" HYDROGHLORIC ACID

o . ky X 1075/ Morar
. k, X 10-5/ Mean - 2 - M.
Srmaes SEI‘?'; 8o°C. Var, 99.sSiE~céfl°c. Van. C‘?)‘l::‘si::;‘TONE
} ) calories [mole
Kojibiose [a-p—(1 - 2)] 1.46 0.02 17.3 0.40 33,000
Sophorose [g-D—(1 - 2)] 1.17 0.08 10.1 0.15 28,900
Nigerose [a-p-(1 - 3)] 1.78 0.07 14.1 0.50 27,200
Laminaribiose [g-p—(1 - 3)]  0.99 0.04 9.3 0.30 30,000
Maltose [a—-D—(1 - 4)] 1.55 0.04 16.3 0.60 31,500
' ) 30,9702
Cellobiose [g-p—(1 > 4)] - 0.66 0.05 6.6 0.26 30,800
N 30,710
31,200"
‘ Isomaltose [a—D—(1 = 6)] 0.40 0.03 5.0 0.19 33,800
Gentiobiose [g-p—(1 - 6)] 0.58 0.02 72 0.28 33,750
) 33,3902
aRef. 2.
bRef. 3.
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Fig. 2. Hydrolysis velocities of the reducing disaccharides of p-glucose in 0.IN
HCI at 99.5° *0.1°C. Concentrations: maltose, cellobiose, isomaltose, and gentio-
biose, 29%,; sophorose 0.01%; nigerose, laminaribiose, and kojibiose, 0.02%,.
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classify the sugars into three groups, in decreasing order of rates:
(@) ap-(1 = 2), ad-(1 — 3), a-D-(1 - 4); (b) g0-(1 - 2), B-p-(1 - 3);
(¢) Bo-(1 - 4), a0-(1 - 6), B-0-(1 — 6). In all cases, save the (1 — 6)-
linked disaccharides, the o-D linkage is more readily hydrolyzable than
the corresponding B-p. Cellobiose seems to be rather anomalous in its
difficulty of hydrolysis. All of the molar activation constants are of
the same order of magnitude. ,
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