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The Effect of Vanadate on Glucose Transport of Everted Sacs and
Vesicles Prepared from Small Intestinal Epithelial Cells

JS Hah and K] Kim
Department of Physiology, College of Medicine, Ewha Womans University

Vanadate has been reported to inhibit Na', K" ~ATPase of many cells. Since intestinal uptake
of glucose is influenced by the enx me, we studied the effects of varying concentrations of sodium
vanadate(NaVOs) on the glucose transport in everted sacs prepared from the segment of jejunum
and upper part of ileum of rabbit.

At concentrations of range 10 *M~10 *M vanadate decreased the mucosal-to-serosal flux(S/M
ratio) of glucose to 4.8% -38.8% accompanying inhibition of Na*, K* —ATPase activities of basolateral
membranes and alkaline phosphatase activities of brush-border membranes purified from small intes-
tinal epithelial cells. .

On the other hand, it was found that there were two cytochalasin B binding sites at the basolateral
membranes, of which site I showed a dissociation constant of 1.8X10™"M with maximal binding
capacity of 26 pmoles/mg protein and site II showed a dissociation constant of 9.3X10™"M with
maximal binding capacity of 140 pmoles/mg protein. Vanadate(10 *M) inhibits cytochalasin B binding
at the both binding sites to 385% and 45.7% respectively.

Vanadate also inhibited cytochalasin B binding at both ghost membranes and band 4.5(glucose
carrier) protein purified from human red blood cell membranes.

SDS-polyacrylamide gel electrophoresis(SDS-PAGE) showed that there existed a band 4.5 like
protein in both basolateral membrane and brush-border membrane.

Based on the above results the following conclusions are obtained :

1) Glucose is absorbed across the small intestinal epithelium by a two stage process, the first
is sodium co-transport system of the brush-border membrane and the second is sodium-independent
facilitated diffusion system of the basolateral membrane.

2) The driving force for the transcellular movement of glucose is mainly dependent on sodium
concentration gradient across the brush-border membrane which is generated by Na*, K* —ATPase
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at the basolateral membrane and also dependent directly on the activity of glucose carrier which

may exist at the basolateral membrane.

3) Vanadate inhibits glucose uptake across the intestinal epithelium by affecting on both the
Na', K*~ATPase and glucose carrier of the basolateral membrane.
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Scheme 1. Flow scheme for the isolation of brush-border membranes and basolateral membranes from
rabbit small intestinal epithelial cells.
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Fig. 1. Effect of vanadate on glucose transport in everted
sacs prepared from rabbit small intestinal segme-
nts. Bars represent standard errors.

“+” and “~" mean presence and absence of
the environmental gas.
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Scheme 2. Flow scheme showing the protein yields of brush-border membranes and basolateral membra-
nes with the other proteins discarded during purification.
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Fig. 2. Effect of vanadate on the alkaline phosphatase

activity of brush-border membrane purified from
the epithelia of upper part of rabbit small intes-
tine. Bars represent standard errors.
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Table 1. Effects of a various concentration of vanadate on Na™, K™ —ATPase activities of the small intestinal

basolateral membranes

Vanadate

Concentration (M) Total ATPase

Mg** —ATPase Na®, K™ —ATPase

0 74.00+ 5.00

10 °# 72.88+ 0.61%**
1077 71.85+£ 481
107° 7038+ 4.85
107° 6646+ 4.51
1074 64.16+ 5.07
107? 62.13+ 2.15**

5420+ 3.27 19.80+ 1.90
4925+ 0.42%** 26.05+ 0.36™**
53.35+ 2.88 1851+ 211
54.76+ 3.27 15.62+ 1.75
5344+ 3.66 13.02% 1.92**
49.66+ 348 1450+ 1.91*
46.14+ 2.12** 1599+ 047*

—ATPase activities are expressed as unit of uymoles Pi/mg protein/hr.

—ATPase values are the meanst SE.

—* 1 p<0.1 ** 1 p<{0.05 *** [ p<0.01 as compared to controls that were preincubated without vanadate.
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Dﬂﬂ_‘r\?%a 5 — 3X10 7 26.5 26.0 235
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Fig. 3. Effect of vanadate on the cytochalasin B binding 3Xx10 ° 210 215 19.8

activity of brush-border membrane purified from
rabbit small intestinal epithelium.

BIF

2.0 4

1.0

—CB : Cytochalasin B

®—8 CONTROL

-4
A——& W|TH 10M VANADATE *— e CONTROL
-3
B—8 W(TH 10°M VANADATE | ¢ \ A4 WITH 10*M VANADATE
\ B—& WITH 107°M VANADATE

Fig. 4. Scatchard analysis of the cytochalasin B binding data
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of basolateral membranes purified from rabbit small intestinal epithelia.

(a) The primary scatchard plot shows at least three components of binding site.

(b) Further scachard analysis after subtraction of nonspecific binding shows that there are two binding
sites at the basolateral membrane. Vanadate reduced cytochalasin B binding at both binding sites.
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Fig. 5. Scatchard analysis of the cytochalasin B binding
data of human erythrocyte ghosts. Freeze-thawed
ghost membrane shows there are two cytochala-
sin B binding sites. Vanadate inhibited cytochala-
sin B binding at both binding sites.
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Fig. 6. Gel pictures of the brush-border membrane(2) and basolateral membrane(3) after SDS-gel electrophore-
sis. (1) & (4) are globin and human erythrocyte ghost membrane as references.
Picture indicates that brush-border and basolateral membranes contain several proteins resembling
to actin, anion carrier, spectrin, and glucose carrier of huamn erythrocyte membrane.
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Fig. 7. Electron micrographs of negatively stained brush-border membrane vesicles(a) and basolateral membra
nes vesicles(h).
Negative staining was done with 2% ammonium molybdate for 10 seconds. MagnificationX 40,000
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