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ABSTRACT Tris-disrupted and intact brush border membrane preparations 
from mucosa of hamster jejunum were capable of preferentially binding actively 
transported D-glucose in a similar manner. Density gradient centrifugation of 
the Tris-disrupted brush borders indicated that D-glucose was bound to a frac- 
tion containing the cores or inner material of the microvilli. The  properties of 
this binding were examined with the Tris-disrupted brush border preparation. 
Actively transported sugars competitively inhibited preferential D-glucose bind- 
ing, whereas no effect was observed with nonactively transported sugars. 
Neither actively nor nonactively transported amino acids affected D-glucose 
binding. D-Glucosamine, which is not actively transported, was inhibitory to 
preferential D-glucose binding as well as to the active transport of D-glucose by 
everted sacs of hamster jejunum. No inhibitory effect was observed with the 
same concentration of D-galactosamine. Preferential D-glucose binding was also 
inhibited by sulfhydryl-reacting compounds, Ca 2+, and Li + ions. On the other 
hand, Mg 2+ was shown to be stimulatory and Na +, N H  +, and K + had no effect 
on this phenomenon. The results of these experiments suggest that preferential 
D-glucose binding to brush borders is related to the initial step in active sugar 
transport by the small intestine. 

INTRODUCTION 

The brush border region or the microvilli of mucosal cells is thought to be 
the site where sugars are actively transported against their own concentra- 
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tion gradients in the small intestine (1). It  has been generally accepted that 
active sugar transport involves an association or binding of the sugar to a 
component  within the brush border membrane.  This initial step apparently 
requires no metabolic energy (2). A second step, however, which is respon- 
sible for the net movement  of a sugar against its gradient and which involves 
the dissociation of the sugar-membrane complex, depends either directly or 
indirectly upon energy derived from cellular metabolism (3, 4). Although it 
has been observed that an important  part  is played by Na + in both steps in 
active sugar transport by the small intestine, the precise nature of this role 
is still undetermined (1, 5-7). 

Recently, Faust et al. (8) reported that brush borders isolated from the 
mucosa of hamster j e junum and disrupted with tris (hydroxymethyl) amino- 
methane (9) can preferentially bind actively transported D-glucose. Prefer- 
ential binding of D-glucose was demonstrated by  an increase in the disinte- 
grations per minute (dpm) ratio of D-mannose-3H to D-glucose-14C in the 
supernatant from incubated Tris-disrupted brush borders. Additional studies 
indicated that there was no preferential binding of D-glucose with the nu- 
clear, mitochondrial, or ribosomal fractions isolated from the mucosa of 
hamster j e junum and treated with Tris (Faust and Leadbetter,  unpublished 
observations). 

It  has been suggested that preferential D-glucose binding to Tris-disrupted 
brush borders is similar to the initial step in active sugar transport by the 
small intestine (8) in that this binding is not directly dependent  upon energy 
derived from Na +- K+-stimulated, Mg2+-dependent ATPase activity, but  is 
inhibited by:  (a) phlorizin, a competitive inhibitor of active sugar transport, 
(b) mercuric chloride, a compound which binds sulfhydryl groups and de- 
natures protein, and (c) a decrease in temperature, which is indicative of a 
temperature-dependent  complexing between the sugar and the Tris-dis- 
rupted brush borders. 

The present paper describes experiments which were designed to examine 
the possible relation of preferential D-glucose binding to Tris-disrupted 
mucosal brush borders to the initial step in active sugar transport by the 
small intestine. 

M A T E R I A L S  A N D  M E T H O D S  

Isolation and Preparation of Brush Borders 

The methods employed to isolate the epithelial brush border membranes from hamster 
jejunum were the same as those previously reported (8) and yielded a substantially 
pure preparation as is shown in Fig. 1. In most experiments, these isolated and intact 
brush borders were disrupted with 1 M Tris (pH 8.2) for 45 min at 2°C. In some 
experiments, the brush borders were exposed to either (a) Krebs-bicarbonate-saline 
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FIGURE 1. Phase  con t r a s t  p h o t o m i c r o g r a p h  of isolated in t ac t  b r u s h  b o r d e r  m e m b r a n e s  

f r o m  m u c o s a l  cells of  h a m s t e r  j e j u n u m .  X 800. 
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(10) for 90 rain at 25°C, or (b) distilled water for 45 min at 2°C, or (c) distilled water 
for 90 rnin at 25°C, or (d) distilled water and used immediately. 

After this preliminary treatment the brush borders were centrifuged (6,000 g) and 
the supernatant was replaced by cold distilled water. The volume of distilled water 
added depended upon the number of animals originally used, e.g., 2 ml of water was 
added for every three animals employed. Usually jejuna from 12 animals were used 
each day. 

Measurement of Preferential D-Glucose Binding 

To 1 ml aliquots of the resuspended brush borders was added 1.2 ml of 10 mM phos- 
phate buffer (pH 7.4), 1.0 ml of a nonradioactive solution containing an experimental 
compound or, in the case of controls, distilled water, and 0.1 ml of a radioactive sugar 
mixture containing D-mannose-l-SH and D-glucose-X4C (uniformly labeled). The 
concentration of D-mannose-l-SH was 10 -5 m_~ and (U.L.) D-glucoseJ4C, 10 -8 raM. 
The suspensions were incubated for 1 hr at 37°C and centrifuged (17,000 g). After 
centrifugation, 0.1 ml of the supernatant was added to 15 ml of liquid scintillation 
fluid--7.5 g of 2,5-diphenyloxazole (PPO),  0.3 g of 1,4-bis [2-(5-phenyloxazolyl)]- 
benzene (POPOP),  1 liter of toluene, and 500 ml of Tri ton X-100 in vials. The  8H- 
labeled n-mannose and the x4C-labeled D-glucose were counted with a Nuclear- 
Chicago liquid scintillation system, Mark I series. Counts per minute (cpm) were 
converted to disintegrations per minute (dpm). The effects of various substances on 
preferential D-glucose binding are reported as percentages. The following equations 
were employed: 

De \RH,o -- 1 I00 and D. = \Rg,o ~- 'E  -- 1 100 

where Dc = the percentage increase in the ratio of 3H/14C caused by brush borders 
in the absence of the experimental compound, Rnn is the 3H/14C ratio with brush 
borders, RH,o is the SH/i4C ratio without brush borders; DB = the percentage increase 
in the 3H/14C ratio caused by brush borders in the presence of the experimental 
compound, R~B+B is the 8H/14C ratio with brush borders, and the experimental 
compound, RE,o+R, is the SH/X4C ratio without brush borders but with the experi- 
mental compound. 

The percentage inhibition (Dlnhibit) produced by the experimental compound 
on the percentage increase in the 8H/14C ratio by brush borders was calculated as 
follows: 

Dt~r.rnrT =(Dc--DS)Dc 100 

When necessary, quench corrections were applied. 

Density Gradient Centrifugation of Radioactive Tris-Disrupted Brush Borders 

Tris-disrupted brush borders, previously incubated in D-mannose-~H and D-glucose- 
*~C, were washed by repeated centrifugation (17,000 g) and resuspension in cold 
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distilled water (2°C). This procedure removed the 3H and 14C which were in the 
original incubation medium and caused little or no loss of the 3H and 14C bound to 
the disrupted brush borders. These disrupted brush borders, obtained from at least 
five animals, were resuspended in 0.5 ml of cold distilled water. The suspension was 
then layered on a 20, 30, 40, 50, and 60 % glycerol with 0.5 M MgCI2 gradient in a 
6 ml centrifuge tube and centrifuged at 63,000 g (Beckman model L Spinco Ultra- 
centrifuge, SW-39L rotor) for 15 min, according to the method of Eichholz and 
Crane (9). The separated brush border fractions obtained were identified by passing 
a beam of light through the centrifuge tube (Tyndall effect). These fractions were 
removed and washed by resuspension in cold distilled water and centrifugation at 
100,000 g for 20 min. The 3H/14C dpm ratios of the separated and washed brush 
border fractions were determined in the manner previously described. 

Purity of Chemicals 
All chemicals used were reagent grade and were of the highest purity obtainable. 
Compounds which inhibited preferential D-glucose binding; i.e., D-glucosamine 
hydrochloride, D-xylose, 3-O-methyl-D-glucose, and D-galactose were demonstrated 
to be homogeneous by means of paper chromatography (11). In addition, glucose 
contamination within these compounds, as well as within phlorizin, was determined 
by the glucose oxidase or the hexokinase and glueose-6-phosphate dehydrogenase 
assay methods (12). D-Xylose, phlorizin, and 3-O-methyl-D-glucose were glucose-free. 
D-Galactose and D-glucosamine hydroehloride contained 0.0006% and 0.017 % of 
D-glucose, respectively. It was concluded that the extremely low levels of D-glucose 
within these compounds could not account for their observed effects on preferential 
D-glucose binding. 

R E S U L T S  

Preferential Binding of D-glucose to Various Brush Border Preparations 

At first, it was important  to determine whether various preparations of brush 
borders incubated in the presence of D-mannose-l-3H and D-glucose-l~C 
(U.L.) were capable of preferentially binding D-glucose. I t  can be seen in 
Fig. 2 that  brush borders pretreated with either 1 M Tris for 45 min at 2 °C or 
Krebs-bicarbonate-saline for 90 rain at 25°C produce a similar increase in 
the 3H/I4C dpm ratio. In both cases preferential binding of D-glucose was 
completely inhibited by phlorizin, and similar ratios were obtained when 
D-arabinose-5-~H (10 -5 mM) was substituted for D-mannose-l-3H (10 -5 m_u). 
When these preparations were observed with a phase contrast microscope, the 
isolated brush borders pretreated with 1 ~ Tris were disrupted, whereas the 
brush borders exposed to Krebs-bicarbonate-saline remained intact. 

Fig. 2 also illustrates that  there is a large reduction in the preferential bind- 
ing of D-glucose to brush borders pretreated with distilled water for 45 and 90 
min at 2 ° and 25°C, respectively. Similarly, fresh intact brush borders do not 
preferentially bind D-glucose as well as Tris-disrupted or Krebs-bicarbonate- 
saline-treated brush borders. 
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Fzoum~ 2. T h e  effects of p re t r ea tmen t  on  the ability of brush  borders to preferentially 
b ind  D-glucose. The  percentage increase in the 8H/14C d p m  ratio was measured  in the 
superna tan t  f rom the brush  borders incuba ted  for 1 h r  at  37°C in a phosphate-buffered 
m e d i u m  (pH 7.4) conta ining 10 -5 m_M D-mannose-l-SH and  10 -3 i I ~  D-glucoseA4C 
(U.L.) .  Each  ba r  point  represents the m e a n  of a t  least four experiments .  T h e  vert ical  
lines represent  1 sE of the  m e a n  above and  below the bar  points. 

T A B L E  I 

EFFECTS OF H E X O S A M I N E S  ON T H E  P R E F E R E N T I A L  
BINDING OF D-GLUCOSEA4C (U.L.) T O  T R I S - D I S R U P T E D  AND 

K R E B S - B I C A R B O N A T E - S A L I N E - T R E A T E D  BRUSH BORDER 
M E M B R A N E S  

Percentage inhibition 

Krebs-bicarbonate-saline- 
Hexosamine (1 r n ~ )  Tris-disrupted brush borders treated brush borders 

D-Glucosamine 93.94-10.4 (3) 90.94-2.0 (4) 
D-Galactosamine -- 9.84-5.0 (3) -- 1.64-4.8 (3) 

The  number  of experiments  is given in parentheses.  T h e  s tandard  error is 
given for each mean.  

Effects of Hexosamines on Preferential Binding of D-Glucose to Tris-Disrupted and 
Krebs-Bicarbonate-Saline-Treated Brush Borders 

Hexosamines affect the preferential binding of D-glucose to Tris-disrupted and 
Krebs-bicarbonate-saline-treated brush borders in a similar manner.  The  
effects of 1 m~ D-glucosamine and 1 mM D-galactosamine (which structurally 
resemble their related actively transported hexoses except for the replacement 
of the hydroxyl group by an amino group on the second carbon atom) on the 
preferential binding of D-glucose to Tris-disrupted and Krebs-bicarbonate- 
saline-treated brush borders are shown in Table I. D-Glucosamine is very 
inhibitory to the preferential binding of D-glucose to both preparations of 
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brush borders, whereas D-galactosamine has no effect at this concentration. It 
is of interest to note that these hexosamines have a similar effect on the active 
transport of D-glucose by everted sacs of hamster jejunum. We have found that 
the final serosal to mucosal fluid concentration ratios of D-glucose (S /M) with 
everted sacs which contained an initial concentration of 11 ~ in each com- 
partment were 5.23 4- 0.51 (7) for the control, 4.30 4- 0.20 (5) in the presence 
of 1 mM D-galactosamine, and 2.32 ± 0.15 (5) in the presence of 1 mM D- 

T A B L E  I I  

EFFECTS OF SUGARS AND AMINO ACIDS 
O N  THE PREFERENTIAL BINDING OF D-GLUCOSE-14C 

(U.L.) T O  TRIS-DISRUPTED BRUSH BORDERS 

Percentage inhibition at the concentration of 

Compound 1 m~ 10 m.M 

Actively transported sugars 
D-Glucose 100.0 (3) - -  
3-0-Methyl-D-glucose 45.5-4-6.2 (3) 91.74-1.3 (3) 
D-Xylose 18.84-2.0 (4) 46.7-4-4.9 (3) 
D-Galactose 1.7-4-2.2 (4) 46.84-0.9 (3) 

Nonactively transported sugars 
L-Sorbose --0.54-6.7 (3) 6.04-8.2 (3) 
D-Ribose 7.44-8.5 (3) --10.74-5.4 (3) 
D-Arabinose 5.5=1=9.4 (6) --3.34-4.1 (3) 
L-Arabinose --1.34-10.0 (4) --2.24-3.4 (3) 

Actively transported amino acids 
L-Histidine --10.54-12.5 (5) 19.34-5.0 (4) 
L-Alanine 1.84.5.1 (3) 4.54-1.8 (4) 
L-Hydroxyproline 9.14-10.5 (5) 6.14-3.1 (3) 
L-Proline 0.44-7.2 (4) 2.74-2.6 (4) 
L-Methionine --10.94-15.7 (4) --5.74-8.8 (4) 
L-Tryptophan --1.34-1.3 (5) 1.54-3.6 (4) 
L-Cysteine 6.64-9.2 (4) 2.94-2.2 (3) 
L-Arginine 6.74-8.5 (4) --17.8:t=6.8 (4) 

Nonactively transported amino acids 
L-Aspartic acid --3.34.6.8 (6) --20.74-11.3 (3) 
L-Glutamic acid --7.34-8.1 (4) --7.94-19.1 (3) 

The number of experiments is given in parentheses. The standard error is given for each mean. 

glucosamine. Only D-glucosamine significantly reduced the final S / M  ratio of 
D-glucose (P < 0.01). The  sacs were incubated for 1 hr at 37°C. A S / M  value 
greater than 1.00 is indicative of active D-glucose transport against a concen- 
tration gradient toward the serosal compartment.  

Effects of Sugars and Amino Acids on Preferential Binding of z~-Glucose to 
Tris-Disrupted Brush Borders 

Since the properties and extent of preferential D-glucose binding are similar in 
Tris-disrupted and Krebs-bicarbonate-saline-treated brush borders, only the 
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disrupted membrane preparation was employed for the remainder of this in- 
vestigation. 

The  effects of actively and nonactively transported sugars and amino acids 
on the preferential binding of D-glucose-a4C (U.L.) to Tris-disrupted brush 
borders are presented in Table II. Only sugars which are actively transported 
by the hamster je junum inhibit the preferential binding of D-glucose-~4C, 
although D-galactose, like D-galaetosamine, is not inhibitory at the lower (1 
rn_~) eoncentration. Neither actively transported amino acids nor nonactively 
transported sugars and amino acids significantly affect the preferential binding 
of D-glucose-~4C to Tris-disrupted brush borders prepared from mucosa of 
hamster jejunum. 

Effects of Sulfhydryl-Reacting Compounds on Preferential Binding of z)-Glucose to 
Tris-Disrupted Brush Borders 

The importance of SH-  groups for preferential binding of D-glucose is illus- 
trated in Table III .  All the sulfhydryl reagents employed reduced the pref- 

T A B L E  III 

EFFECT OF SULFHYDRYL-REACTING COMPOUNDS 
ON T H E  PREFERENTIAL BINDING OF D-GLUCOSE-14C 

(U.L.) TO TRIS-D ISRU PT E D  BRUSH BORDERS 

Number of 
Sulfhydryl-reacting compound experiments Percentage inhibition 

Iodoacetate 3 41.64-5.9 
N-Ethylmaleimide 3 54.04-7.6 
O-Iodosobenzoate 3 54.24-5.0 
p-Hydroxymereuribenzoate 3 90.64-3.2 
p-Hydroxymercuribenzoate + 4 --4.64-10.5 

L-cysteine (1 i i~)  

All inhibitors are at a concentrat ion of 1 m~a. The standard error is given for 
each mean. 

erential binding of D-glucose to the Tris-disrupted brush borders. A greater 
reduction, however, was observed with p-hydroxymercuribenzoate than with 
the other inhibitors. Furthermore, the SH-  groups of an equimolar concentra- 
tion of L-cysteine protected the Tris-disrupted brush borders from the inhibi- 
tory effect of p-hydroxymercuribenzoate. 

Effects of Various Cations on Preferential Binding of D-Glucose to Tris-Disrupted 
Brush Borders 

The effects of cations on preferential D-glucose binding also were investigated. 
I t  can be seen in Table IV that both Ca ~+ and Li ~+ ions are inhibitory to pref- 
erential D-glucose-~*C (U.L.) binding, whereas Mg ~+ is stimulatory and K +, 
NH4 +, and Na + ions are without effect. 
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T A B L E  I V  

E F F E C T S  OF  C A T I O N S  O N  T H E  P R E F E R E N T I A L  B I N D I N G  OF 

D - G L U C O S E - t 4 C  (U.L.)  T O  T R I S - D I S R U P T E D  B R U S H  B O R D E R S  

Cation Number of experiments Percentage inhibition 

C a  2+ 3 6 4 . 0 4 - 5 . 1  

Li + 3 40 .04-11 .7  

M g  ~+ 4 - -33 .44 -5 .7  
K + 3 0 . 5 4 - 7 . 9  

NI-I~ + 5 6 .04 -5 .7  

N a  + 4 9 .44-7 .1  

Al l  ca t ions  are  c h l o r i d e  sal ts  a t  a c o n c e n t r a t i o n  of 100 mM. T h e  s t a n d a r d  
e r ro r  is g iven  for each  mean .  

C + C  I 

B :::::::::::::::::::::::::::::::::::::::::::::::::::: 

\ / 

FIeum~ 3. Schematic diagram of fractions ob- 
tained after glycerol density gradient centrifuga- 
tion of washed, Tris-disrupted, brush borders as 
visualized by the Tyndall effect. Fraction B has 
not been morphologically identified, but fraction 
C + C' contains microvillous membranes and 
fraction D contains the inner or core material 
of the microvilli (9, 13). 

Location of Preferentially Bound D-Glucose within the Tris-Disrupted Brush 
Border Preparation 

Knowledge pertaining to the structural organization of the mucosal brush 
border membrane gained by the method of density gradient centrifugation of 
Tris-disrupted brush borders has been provided by other investigators (9, 13). 
Consequently, these techniques were employed to locate and identify the 
specific region within the disrupted brush border preparation which preferen- 
tially binds D-glucose. 

A schematic diagram of the fractions of washed, radioactive Tris-disrupted 
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brush borders obtained after centrifugation on a 20, 30, 40, 50, 60% glycerol 
with 0.5 M MgCI~ gradient is illustrated in Fig. 3. The  bands formed are similar 
to those originally reported by Eichholz and Crane (9), except that band A 
does not appear because this less dense material was removed by our washing 
procedure. However, previous experiments had shown that  fraction A con- 
tained very little 3H or 14C. Similarly, fractions B and C + C' were relatively 
free of any radioactivity. Most of the D-glucose-14C (U.L.) which was pref- 
erentially bound appeared in fraction D. 

In a typical study, a 40.2% increase in the initial 3H/14C dpm ratio was 
observed in the supernatant from Tris-disrupted brush borders (an increase in 
ratio of 1.84 to 2.58) and a corresponding 3H/14C dpm ratio of 0.29 was meas- 
ured in fraction D after the radioactive brush borders were separated by glyc- 
erol density gradient  centrifugation. In some experiments fraction D was 
purified (it may  contain some partially disrupted microvilli) by reexposure to 
1 M Tris and recentrifugation on a glycerol density gradient  (14). Determination 
of the 3H/~4C dpm ratio of this fraction indicated that  the preferentially bound 
D-glucose-14C (U.L.) remained in fraction D which contains microvillous cores. 

DISCUSSION 

The  data  presented in this investigation indicate that Tris-disrupted and intact 
Krebs-bicarbonate-saline-treated brush borders are capable of preferentially 
binding D-glucose in a similar manner.  Pretreatment  of the brush borders with 
distilled water instead of Tris or Krebs-bicarbonate-saline may not expose as 
many D-glucose binding sites. It  was evident that temperature during these 
preparatory procedures is not critical within the range of 2 to 25°C. 

Krebs-bicarbonate-saline homogenates of intestinal mucosa also bind D- 
glucose as was demonstrated by Fernie et el. (15). However, isolated brush 
border membranes which have been disrupted are perhaps more advantageous 
for experiments on the mechanism of active sugar transport by the small in- 
testine because they can be separated into morphologically identifiable frac- 
tions (9, 13). Density gradient centrifugation of Tris-disrupted brush borders, 
which had preferentially bound D-glucose, has indicated that the D-glucose is 
bound to the inner or core material of the microvilli which is in fraction D. 
The  disaccharidase activity of this fraction is relatively low in relation to the 
specific enzymatic activity found in the nonradioactive fraction C + C'  con- 
taining microvillous membranes (14). Therefore, it is unlikely that the phlori- 
zin-inhibited preferential D-glucose binding to brush borders that we have 
observed is caused by the binding of D-glucose to disaccharidases. It  is also 
unlikely that we are observing transport of D-glucose into closed vesicles in- 
stead of D-glucose binding to a specific component  of the mucosal brush border 
membrane.  Electron photomicrographs (13) have indicated that fraction D is 
composed of compact  rods and not closed membranous vesicles as are found in 
fraction C + C'. 
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The results of these studies support our previous work (8) in which we sug- 
gested the possibility that preferential D-glucose binding to Tris-disrupted 
brush borders is related to the initial step in active sugar transport by the small 
intestine. We have shown that only sugars which are actively transported by 
the small intestine inhibit preferential D-glucose binding, presumably by com- 
peting for similar sites on a "carrier" or a component  within the brush border 
membrane of mucosal cells. The  affinities of these sugars for intestinal trans- 
port (16) correspond reasonably well with their ability to inhibit preferential 
binding of D-glucose to Tris-disrupted brush borders. 

Actively transported amino acids do not compete for the n-glucose binding 
sites within Tris-disrupted brush borders. This is in accord with the observa- 
tions by Munck (17) who found no competitive inhibition between the intes- 
tinal transport of amino acids and sugars. Therefore, factors other than com- 
petition for similar binding sites are apparently responsible for the inhibitory 
effects observed by other investigators (18, 19) with actively transported amino 
acids on the active transport of sugars by the small intestine. 

Although n-glucosamine is not actively transported by the small intestine 
(20), it is inhibitory to preferential D-glucose binding to brush borders as well 
as to the active transport of D-glucose by everted sacs of hamster jejunum. It 
seems that D-glucosamine competes with D-glucose for the sugar binding site, 
but  may not be readily dissociated. In this regard, the action of n-glucosarnine 
on preferential B-glucose binding to brush borders, as well as on the active 
transport of n-glucose by everted sacs of jejunum, is similar to that observed 
with phlorizin (8, 21, 22). It  also is of interest that D-glucosamine and un- 
labeled D-glucose are equally inhibitory to the preferential binding of D- 
glucose-14C (U.L.), although only D-glucose is actively transported. This may 
indicate that the O H -  group on the second carbon atom of B-glucose is not 
essential during the binding or association phase in the active transport of this 
sugar by the small intestine, but is of primary importance during the second 
phase which involves the dissociation of the sugar-membrane complex. D- 
galactosamine, like D-galactose, at a concentration of 1 rnM, is not inhibitory 
to preferential D-glucose binding probably because of its lower affinity for the 
sugar binding site. 

Preferential n-glucose binding to Tris-disrupted brush borders depends on 
SH-  groups. It  is possible that either SH-  groups are closely associated with 
the sugar binding sites or that they are important for maintaining the integrity 
of the protein portion of the membrane responsible for the preferential binding 
of n-glucose. The  precise nature of this binding is unknown. It  has been ob- 
served, however, that preferential D-glucose binding to Tris-disrupted brush 
borders is a temperature-dependent process (8) which is not reversed by 
washing with distilled water at 2°C. If the washing procedure is carried out at 
37°C (unpublished observation), then dissociation of n-glucose occurs more 
readily. These intriguing binding properties require further investigation. 
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W e  h a v e  no  ev idence  d e m o n s t r a t i n g  t ha t  N a  + is r equ i r ed  for the  p re fe ren-  
tial b ind ing  of D-glucose to T r i s -d i s rup ted  b rush  borders .  T h e r e  is also no  

ev idence  to i l lustrate  t h a t  D-glucose b ind ing  does  no t  r equ i re  N a  + because  
the re  is sufficient N a  + wi th in  the  b rush  b o r d e r  p r e p a r a t i o n  to satisfy a possible 
N a + - d e p e n d e n t  r e q u i r e m e n t  for this b ind ing  (8). F u r t h e r  e x p e r i m e n t a t i o n  is 
necessary  to d e t e r m i n e  w h e t h e r  N a  + is indeed  necessary  for preferen t ia l  D- 

glucose b ind ing  to T r i s -d i s rup ted  b r u s h  borders .  Add i t i ona l  studies a re  also 
r equ i red  to def ine the  role  of  o the r  ca t ions  in the  m e c h a n i s m  of  ac t ive  sugar  
t r a n s p o r t  b y  the  smal l  intestine.  T h e  K + is of  p a r t i c u l a r  in teres t  because  it  does  
no t  affect  p referen t ia l  D-glucose b ind ing  b u t  it is i nh ib i to ry  to the  ac t ive  t rans-  
po r t  of  sugars  b y  the  smal l  intest ine (7, 23). I t  seems tha t  K + m a y  be  invo lved  

in the  second or  dissociat ion step of  this m e c h a n i s m .  

This investigation was supported by a grant (AM 07998) from the United States Public Health 
Service and by a grant from the School of Medicine, University of North Carolina. 
Mr. A. J. McCaslin was the recipient of a Pfeiffer Foundation Dental Student Summer Research 
FeUowship. 
We wish to thank Dr. A. T. Miller, Jr., for the use of his phase contrast photomicroscopy equipment. 
Received for publication 12 February 1968. 

REFERENCES 

1. CRANE, R. K. 1962. Hypothesis for mechanism of intestinal active transport of sugars. 
Federation Proc. 21:891. 

2. BIHLER, I., K. A. HAWKINS, and R. K. CRANE. 1962. Studies on the mechanism of in- 
testinal absorption of sugars. VI. The specificity and other properties of Na+-dependent 
entrance of sugars into intestinal tissue under anaerobic conditions, in vitro. Biochim. 
Biophys. Acta. 59:94. 

3. CRANE, R. K. 1964. Uphill outflow of sugar from intestinal epithelial cells induced by 
reversal of the Na + gradient: Its significance for the mechanism of Na+-dependent 
active transport. Biochem. Biophys. Res. Commun. 17:481. 

4. FAUST, R. G., and S-M. L. Wu. 1965. The action of bile salts on fluid and glucose movement 
by rat and hamster jejunum, in vitro. J. Cellular Comp. Physiol. 65:435. 

5. CS~,KY, T. Z. 1963. A possible link between active transport of electrolytes and nonelec- 
trolytes. Federation Proc. 22:3. 

6. CURRAN, P. F. 1965. Ion transport in intestine and its coupling to other transport processes. 
Federation Proc. 24:993. 

7. FAUST, R. G., J. w.  HOLLIH~.t.O, and M. G. LEADZETTER. 1967. D-Xylose: active intestinal 
transport in a sodium ion substituted lithium medium. Nature. 215:1297. 

8. FAUST, R. G., S-M. L. Wu, and M. L. FAGGARD. 1967. D-Glucose: Preferential binding to 
brush borders disrupted with Tris (hydroxymethyl) aminomethane. Science. 155:1261. 

9. EicmaoLz, A., and R. K. CRANE. 1965. Studies on the organization of the brush border in 
intestinal epithelial cells. I. Tris disruption of isolated hamster brush borders and 
density gradient separation of fractions. J. Cell Biol. 26:687. 

10. KREBS, H. A., and K. HENSELEIT. 1932. Untersuchungen fiber die Harnstoffbildung im 
TierkSrper. Z. Physiol. Chem. 210"33. 

11. HOUGH, L., and J. K. D. JONES. 1962. Chromatography on paper. In Methods of Carbo- 
hydrate Chemistry. R. L. Whistler and M. L. Wolfrom, editors. Academic Press, Inc., 
New York. 2:2 I. 

12. SLEIN, M. W. 1963. D-Glucose: Determination with hexokinase and glucose-6-phosphate 
dehydrogenase. In Methods of Enzymatic Analysis. H. U. Bergmeyer, editor. Academic 
Press, Inc., New York. 117. 

 on D
ecem

ber 23, 2017
jgp.rupress.org

D
ow

nloaded from
 

http://jgp.rupress.org/


494 T H E  J O U R N A L  OF G E N E R A L  P H Y S I O L O G Y  • V O L U M E  5 2 • i968 

13. OVERTON, J . ,  A. EICHHOLZ, and R. K. CRANE. 1965. Studies on the organization of the 
brush border in intestinal epithelial cells. II. Fine structure of fractions of Tris-disrupted 
hamster brush borders, jr. Cell Biol. 26:693. 

14. EICHHOLZ, A. 1967. Structural and functional organization of the brush border of in- 
testinal epithelial ceils. III.  Enzymic activities and chemical composition of various 
fractions of Tris-disrupted brush borders. Biochim. Biophys. Acta. 135:475. 

15. FEmora, S. M., S. L. HART, and J. A. NlSSIM. 1967. Glucose binding by homogenates of 
intestinal mucosa. Nature. 213:985. 

16. JOROENSEN, C. R., B. R. LANDAU, and T. H. WILSOn. 1961. A common pathway for sugar 
transport in hamster intestine. Am. J. Physiol. 200:111. 

17. M.~CK, B. G. 1967. Intestinal transport of sugars and amino acids in rat's small intestine 
in vitro. Lack of evidence of competitive inhibition between the two groups. Federation 
Proc. 26:541. 

18. ALVA~DO, F. 1966. Transport of sugars and amino acids in the intestine: Evidence for a 
common carrier. Science. 151:1010. 

19. HINDMAmH, J. T., D. NaLBY, AND G. WISEMAN. 1966. Effect of amino acids on sugar 
absorption. J. Physiol. (London). 186:166. 

20. WILSON, T. H., and B. R. LANDAU. 1960. Specificity of sugar transport by the intestine of 
the hamster. Am. Jr. Physiol. 198:99. 

21. ALVA~O, F., and R. K. CRANE. 1962. Phlorizin as a competitive inhibitor of the active 
transport of sugars by hamster small intestine, in vitro. Biochim. Biophys. Acta. 56:170. 

22. HART, S. L., and J. A. NISSlM. 1964. First receptor in intestinal sugar transport: The effect 
of phloridzin and of cetrimide on the intestinal absorption of a-D-glucosamine, L-glucose 
and D-xylose. Nature. 204:51. 

23. ALVARADO, F. 1965. The relationship between Na + and the active transport of arbutin in 
the small intestine. Biochim. Biophys. Acta. 109:478. 

 on D
ecem

ber 23, 2017
jgp.rupress.org

D
ow

nloaded from
 

http://jgp.rupress.org/

