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Without any transformation into ionized derivatives, carbo-
hydrates themselves were transported across ion-exchange membranes
against their concentration gradients. Amounts of moved sugars

were affected by their pKa values.

In biological transport, various organic and inorganic compounds are
actively transported across biomembranes. In the past few decades, many methods
have been developed for the transportation of metal and organic ions against
their concentration gradients.1) There have been, however, few studies on uphill
transport of so-called nonelectrolytes through artificial membranes.z) Nonelec-
trolytes in such studies were converted into ionized derivatives and then were
transported. In this communication, we want to report uphill transport of carbo-
hydrates mediated by ion-exchange membranes without any transformation into
jonized sugar complexes.

At first we compared uphill transport with electrodialysis of carbohydrates.
The electrodialysis was carried out by the following Method A.3) The anodic cell
(Part A) and the cathodic cell (Part C) were separated from the sample cell (Part
0) by an anion-exchange membrane (AR—43)4) and a cation-exchange membrane
(Selemion CMVL4) An aqueous solution of sugar (0.02 mol dm"3. 95 m1) containing
boric acid (0.04 mol dm‘3) and KOH (0.02 mol dm"3). aqueous KOH (0.1 mol dm"3. 95
m1), and aqueous HC1 (0.7 mol dm'3. 95 m1) were added to Part O, A, and C,
respectively. After the electrodialysis under the app]ied‘vo1tage of d.c. 8 V at
ca. 20 °C for 3 h, amounts of moved and remaining sugars were determined by the
phenol-sulfuric acid methods) or enzymatic ana]ysis.ﬁ) Uphill transport of
carbohydrates was examined by Method B with the same apparatus but without the
use of electrodes under the same conditions as in Method A. Method C is same as
Method B except that only a sugar solution (0.02 mol dm_3) was added to Part O.

As shown in Table 1, we found that sugars could be transported across the
anion—-exchange membrane by dialysis (Method B) as well as by e1ectrodia1ysis7)
(Method A). It might be assumed that the difference between the movement of D-

fructose and that of D-glucose was due to the character of the sugar-borate
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Table 1. Transport of Sugar-Borate Comp]exesa)

Sugar Method Remaining sugar(Z) Moved sugar(Z)
D-Fructose A 8 85
B 20 gob)
D-Glucose A 36 59
B 41 57¢)

a) Method A: Part A, aq KOH (0.1 mol dm'3, 95 m1); Part O: an aq solution
(95 m1) of sugar (0.02 mol dm_3). boric acid (0.04 mol dm'3). and KOH
(0.02 mol dm'3): Part C, aq HC1 (0.1 mol dm'3. 95 m1); d.c. 8 V; free
current; ca. 20 °C; 3 h., Method B: same conditions as Method A but
without the use of electric energy; ca. 20 °C; 3 h. Amounts of sugars
were determined by the phenol-sulfuric acid method. b) Enzymatic determi-
nation: D-Fru(787%Z)+D-G1¢c(2%). c¢) Enzymatic determination: D-G1c(53%)+D-
Fru(47).

comp]exes.s) Of special interest is the fact that ca. 807 of D-fructose and ca.

607 of D-glucose moved from Part O to Part A as a result of uphill transport even

without the use of electric energy.

Interest in establishing a novel concept for the (uphill) transport of
nonelectrolytes through ion-exchange membranes motivated us to carry out the
dialysis without any additives to form ionized sugar derivatives in Part O, As
shown in Table 2, we found that the various saccharides moved from Part 0 to
Part A. The amounts of the moved sugars decreased with an increase in their pKa

va]ues.g) Indeed less than 10%Z of glycerol was transported in spite of its small

Table 2. Transport of Various Sugarsa)

Run Sugar pKab) Remaining sugar(Z%) Moved sugar(Z%)
1 D-FructoseC) 12.03 37 569)

2 D-Mannose 12.08 44 56

3 D-Xylose 12.15 39 53

4 D-GlucoseC®) 12.28 51 47¢)

5 D-Galactose 12.35 57 42

6 Glycerol®) 14.15 93 7

7 Maltose 12.05 71 17

8 Sucrose 12.62 79 13

9 Raffinose®) 12.74 79 19

a) Method C: Part A, ag KOH (0.1 mol dm_3. 95 ml1); Part 0, an agq
solution of sugar (0.02 mol dm_3. 95 m1); Part C, aq HC1 (0.1 mol
dm'3, 95 m1); ca. 20 °C; 3 h. Amounts of sugars were determined by
the phenol-sulfuric acid method. b) Ref. 9. «¢) Enzymatic determina-
tion. d) D-Fru(52%)+D-G1c(47). e) D-G1c¢(43Z)+D-Fru(47).
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Table 3. Transport of D-Fructose under Various Conditionsa)

Run Part A Part O Remaining Moved
KOH(mo1 dm'3) KOH(mo1 dm"3) sugar(?Z) sugar(Z)

1 0 0 95b) 2b)
2 0.1 0.1 45¢) 42d)
3 0 0.1 g7e) 12

4 0.1(KCT) 0 95 2

5 0.1 0 37 56F)
69) 0.1 0 26 69h)

a) Method C: see Table 2. Amounts of sugars were determined by
Enzymatic analysis. b) Determined by the phenol-sulfuric acid
method. «¢) D-Fru(387%)+D-G1c(7%Z). d) D-Fru(34Z)+D-G1c(8%). e) D-
Fru(8072)+D-G1c¢(77). f) D~Fru(527)+D-G1c(4%). g) 30 °C. h) D-Fru
(54Z2%D-G1c(15%).

molecular size (run 6). Although pKa values of sugars are much higher than pK
values of electrolytes such as acids, bases, and salts, the results mean that
easiness in deprotonation from the hydroxyl groups of sugars is one of the main
factors in controlling the passage of sugars through the anion-exchange membrane.
On the other hand, large size disaccharides and a trisaccharide mainly remained
at Part 0 (runs 7-9). Uphill transport was observed in runs 1-3. A concen-
tration gradient of hydroxide ion might be a driving force in the movement of
sugars.

In order to give insight into this transportation mechanism, dialysis under
various conditions were studied as shown in Table 3. Comparison of runs 1-3 and
run 5 shows that concentration of hydroxide ion in Part A must be higher than
that in Part O for uphill transport of sugars. A concentration gradient of a
neutral salt (run 4) did not cause the transport of D-fructose. These results
suggest that sugars are transported by the coupled counter-transport of hydroxide
ion through the anion-exchange membrane. Moreover uphill transport of D-fructose
was accelerated at the higher temperature (run 6), but the dialysis should be
performed at 20 °C in order to prevent isomerization of sugars.10)

Further studies are in progress on selective uphill transport of carbo-
hydrates. We are grateful to the Ministry of Education, Science, and Culture of
Japan (Grant-in-Aid for Scientific Research No. 613030711) and the Asahi Glass

Foundation for Industrial Technology for financial support.
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Enzymatic determination showed that isomerization of D-fructose 1in Part A

produced less than 47 of D-glucose and 0.17 of D-mannose during the transport

at 20 °C.
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