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Summary 

The fate of  [3H]glucose released from a wide range of  [3H]phlorizin concen- 
trations by phlorizin hydrolase has been studied under conditions where the 
Na÷-dependent glucose transport system in hamster intestine is profoundly  
inhibited by the glucoside. At 0.2--2.0 mM phlorizin, the [3H]glucose uptake 
was a constant 11--12% of that  generated by the enzyme and at the highest 
level, it was reduced to that  of  passive diffusion. Glucose liberated from 0.2 mM 
[3H]phlorizin is accumulated at a rate nearly equal to that  found for 0.2 mM 
['4C]glucose when this free sugar uptake is measured in a medium containing 
0.2 mM unlabeled phlorizin. Furthermore,  wi thout  sodium, the accumulation 
rates of  hydrolase-derived or exogenous glucose are both  reduced to the rate of  
[ '4C]mannitol.  Our results indicate that  the glucose released from phlorizin 
enters the tissue via the small fraction of  the Na÷-dependent glucose carriers 
which escape phlorizin blockade together with a mannitol-like passive diffu- 
sion. It enjoys a kinetic advantage for tissue entry over free glucose in the 
medium by  virtue of  the position of  the site where it is formed, i.e. inside the 
unstirred water layer and near normal entry portals. No special hydrolase- 
related transport system, like the one proposed for disaccharides, needs to be 
considered to account  for our findings. 

Introduct ion 

In the preceding paper [1], we presented evidence that phlorizin hydrolase 
in the intestinal brush border shares the characteristics previously described for 
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the disaccharidase in this membrane [2--5].  The enzyme splits phlorizin to 
liberate glucose which is then assimilated by  the intestinal epithelium in the 
same manner found for the hexoses formed from disaccharides. We studied the 
phlorizin hydrolase system under conditions where the normal Na*<lependent 
glucose transporter is profoundly  inhibited by  the phlorizin simultaneously 
present as the hydrolase substrate. Our findings fully support  the original work 
reported by Crane and his group [2,3] and Parsons and Pritchard [4] that the 
sugar released by membrane glycosidases experience a kinetic advantage for 
absorption by an efficient capture mechanism. Whereas our earlier experiments 
were performed at a single phlorizin concentration, we have now investigated 
the transport  kinetics of  the [3H]glucose liberated from a wide concentrat ion 
range of  the tritiated phlorizin substrate. The glucose concentration which is 
generated adjacent to the membrane surface from these phlorizin levels was 
estimated by an indirect approach. Increasing amounts of  [~4C]glucose were 
added to media containing constant levels of  unlabeled phlorizin. We thereby 
hoped to create a condition which would mimic that  existing in the membrane 
micro-environment when these same concentrations of  [3H]phlorizin are split. 

Experiments were also performed in sodium-free medium and with [14C]- 
mannitol to gain further insight into the transport mechanism. Our results lead 
us to question whether it is necessary to postulate a direct carrier-like activity 
for the brush border glycosidases in order to account  for the kinetic advantage 
for transfer of  the hexose released by  phlorizin hydrolase or the disaccharides. 

Methods 

The procedures used to make our measurements have already been described 
[1]. All transport  and hydrolyt ic  rates are given as nmol • min -1 • mg -1 dry villi. 
For the preparation of  sodium-free, Krebs-Ringer phosphate buffers, the 
corresponding potassium, lithium, and Tris chlorides and phosphates were used 
instead of sodium salts. For the mannitol  buffer, all the sodium chloride was 
replaced by an equal osmolar level of  mannitol, and potassium phosphates were 
used instead of  sodium phosphates. The pH of  all solutions was 7.4. 

Results 

[14C]Glucose and [14C]mannitol uptake by villi 
We first established the characteristics of  the in vitro villus method,  by  com- 

paring the uptake of  [~4C]glucose and [14C]mannitol over a range of  concentra- 
tions from 0.02 to 50 mM during 3-min incubations. The results of  these 
control studies are displayed in Fig. 1. Free glucose uptake resembles that  
found in the many other in vitro intestinal preparations; its entry can be 
represented as the sum of  a saturable carrier process and a non-saturable, 
passive diffusion. In agreement with the report  from Crane's laboratory [6],  
about  30 mM glucose in the  medium is sufficient to saturate the glucose trans- 
porter; the apparent Km is 1.6 mM under these conditions. Curve A (Fig. 1) 
serves as a reminder that when glucose is present at levels above saturation, or 
when active transport  is inhibited, the passive diffusional port ion of  the  sugar 
transport  process represents a major fraction of  the total  uptake. This c o m p o -  
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Fig. 1. Concentrat ion dependent uptake by  hamster intest inal vi l l i  o f  free glucose and mannl to l  added to 
the reed/urn. Tissue incubat ion was in Krebs-Ringer phosphate buf fer ,  pH 7.4, (3.0 rot) for  3 rain, 37 ° C. 
The in v i t ro  preparat ion and assay methods have been described [1 ] .  Uptake rate is given as n m o ] '  
rain -1 •mg  -1 d r y  vi l l i .  Curve A:  Uptake o f  to ta l  [14C]glueose; metaboLites (15% of  the to ta l  14C in the 
tissue) are included since they  represent glucose which was in i t ia l ly  transported, Curve B: [ 14C]mann i to l  
uptake,  representing the Linear passive d i f fus ion component  o f  the process (slope = 0.29 nmo i /m in /mg 
vilLi/raM). Manni to ]  entered 20% of  the calcu/ated to ta l  vi l l i  space. Curve C: The satuzab]e t ransport  com- 
ponent  o f  the to ta l  glucose uptake which is exposed by  subtracting B f rom A. The apparent K m and V 
for  the carr/er-mediated t ransport  are 1.6 mM and 25.2 nmol /min .  

nent could be easily underestimated especially when free glucose is generated 
directly at the cell surface where its concentration must surely be greater than 
that in the bulk medium. 
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F i g .  2 .  H y d r o l y s i s  o f  p h l o r i z i n  b y  p h i o r i z i n  h y d r o l a s e  a n d  t h e  vil l i  a c c u m u l a t i o n  r a t e  o f  t h e  L i b e r a t e d  
g l u c o s e .  S u b s t r a t e  w a s  [ 3 H ] p h i o r i z i n ,  l a b e l e d  w i t h  t r i t i u m  o n l y  i n  t h e  g l u c o s e  m o i e t y .  H y d r o l y s i s  a n d  
a c c u m u l a t i o n  r a t e  ( n m o l  • r a i n  -1 • m g  -1 d r y  v i l l i )  a r e  g i v e n  as  t h e  m e a n s  + S . E .  o f  6, 18 ,  7 5 ,  18 ,  a n d  6 
d e t e r m i n a t i o n s  a t  p h i o r i z i n  c o n c e n t r a t i o n s  o f  0 . 0 3 ,  0 . 1 ,  0 . 2 ,  1 . 0  a n d  2 . 0  r a M ,  r e s p e c t i v e l y .  T h e  e x t e n t  o f  
p h l o z i z i n  h y d r o l y s i s  d u r i n g  t h e  3 - r a i n  i n c u b a t i o n  f r o m  i t s  l o w e s t  t o  h i g h e s t  c o n c e n t r a t i o n  w a s  1 1 . 8 ,  7 . 6 ,  

8 . 3 ,  3 .9  a n d  3 . 4 % ,  r e s p e c t i v e l y .  I n  t h e  i n s e t ,  t h e  h y d r o l y s i s  r a t e  d a t a  a r e  p r e s e n t e d  as  a d o u b l e  r e c i p r o c a l  
p l o t .  T h e  a p p a r e n t  K m f o r  p h l o r i z i n  h y d r o l y s i s  i s  1 .1  m M  a n d  V is  6 . 6  n m o l  • r a i n  -1 • m g  -1 . 
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Hydrolysis of [3H]phlorizin and the uptake of the released [3H]glucose 
The liberation of  [3H]glucose from tritiated phlorizin by  phlorizin hydrolase 

is shown in Fig. 2. It is likely that  the hydrolyt ic  rate was constant  during the 
experimental period since only about  10% or less of  the substrate was 
consumed. Some of  the hexose released by  the enzyme is accumulated by  the 
tissue. This uptake also appears to be a combination of  two mechanisms: a 
linear, non-saturable process plus a saturable component .  At the highest 
phlorizin levels, a constant 11--12% of the glucose made available enters the 
tissue by a mannitol-like leak. At the low phlorizin concentrations (0.1 and 
0.03 mM), transport efficiency was increased to 13.2 and 20.4% respectively 
which demonstrates that  at these lower inhibitor levels, the Na+<lependent 
phlorizin-sensitive glucose transporter is progressively less inhibited and 
assumes a proport ionately greater role in the uptake process. When phlorizin is 
greater than 1 mM, however, less than 1% of carrier capacity remains. How 
then does the enzyme-generated glucose enter the tissue? Two mechanisms are 
possible: (1) the hydrolase directly transfers a constant 10% of the hexose into 
the cell interior as part of  the cleavage reaction * or (2) the glycosidase- 
generated hexose enters via a passive, non-saturable, mannitol-type diffusion 
process through membrane 'pores' or 'channels'. In order to test the plausibility 
of this second mechanism, we performed the following experiments. 

Villi accumulation of [~4C]glucose, [l*C]mannitol and the [3H]glucose derived 
from [3H]phlorizin in the absence of sodium 

If our reasoning is correct then replacement of  sodium in the medium should 
reduce the villi accumulation rate of  [3H]glucose to that found for [~4C]- 
mannitol. We therefore tested the effect of  sodium depletion, first on the free 
glucose and mannitol uptake processes and then on the phlorizin hydrolase- 
related system. 

The data assimilated in Table I indicate that  the Na+-dependent glucose 
carrier is functional in our preparation; the uptake rate of  free [14C]glucose, at 
0.2 mM in Na*-containing Krebs-Ringer phosphate buffer,  is greater than 10 
times that  supported by the next  best replacement ion, Li ÷. Even lower trans- 
port  rates were found with Tris and mannitol media. When the K ÷ buffer 
was used, glucose uptake rate fell to that  found for [14C]mannitol control. 
In the presence of  0.2 mM unlabeled phlorizin and in Na ÷ buffer,  [~4C]glucose 
transport is inhibited more than 95%, but  it is still twice the rate found for 
[~4C]mannitol under identical conditions. However,  when Na ÷ is omit ted and 
replaced by Tris or mannitol, this residual carrier capacity is lost and the 
glucose uptake rate is then reduced to the passive, [~4C]mannitol control 
rate; Li ÷, as expected [7],  partially supported carrier mediated transport. 
Complete substi tution by K + had the effect  of  reducing this sugar entry rate 
to a value which was less than the control [~4C]mannitol uptake rate but  
equal to that  for [~4C]mannitol in K ÷ buffer. 

* I f  th i s  were  an  e n z y m e - c a t a l y z e d  process ,  t h e n  transport  e f f i c i e n c y  w o u l d  be  e x p e c t e d  t o  decrease  as 
s a t u r a t i n g  c o n c e n t r a t i o n s  o f  ph lo r i z in  are reached .  Th e  g lucos ide ' s  l imi t ed  so lubi l i ty  p r e v e n t e d  us  f r o m  
p e r f o r m i n g  th i s  crucial  test .  On the  o th e r  hand,  t w o  po pu la t io ns  of  ph lo r i z in  hydro lase  mig ht  ex i s t :  

8 8 - - 9 0 %  o f  t h e m  have  only  c leavage capac i ty  wh i l e  the  r e m a i n d e r  act  in  a t i gh t ly - coup led ,  hy dro ly s i s /  
t r a n s p o r t  manner .  
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T A B L E  I 

E F F E C T S  O F  S O D I U M  R E P L A C E M E N T  I N  T H E  M E D I U M  U P O N  P H L O R I Z I N  H Y D R O L A S E  A N D  

T H E  U P T A K E  O F  S U G A R S  I N  T H E  V I L L I  

The mean  + S . E .  rate values are given in n m o l  • r a i n  -1 • m g  -1 . N u m b e r  of  exper iments  given in paren- 
theses.  Regardless  o f  the m e d i u m  used,  from 24 to  35% of  the l iberated [3H]g lucose  accumulated  by the 
vil l i  was in the form of  metabol i tes .  The accumulat ion  rate o f  0 . 2  m M  [ 1 4 C ] m a n n i t o l  in the absence  
o f  phloriz in  (data not  s h o w n )  did n o t  differ s ignif icantly from that f o u n d  with  the inhibitor  present.  

Perrn eant Inhibitor  Villi  accumula t ion  rate 

Control  Na + rep lacement  in the Krebs-Ringer phosphate  m e d i u m  by  
N a  + ( 1 8 )  

L i  + (6 )  T r i s  + ( 1 2 )  M a n n i t o l  ( 1 1 )  K + ( 6 )  

[ 14C] Glucose  N o n e  
( 0 . 2  m M )  2 . 7 4  ± 0 . 1 4  0 . 2 3 3  ± 0 . 0 1 5  0 . 1 3 1  ± 0 . 0 0 5  0 . 0 6 8  ± 0 . 0 0 2  0 . 0 4 6  ± 0 . 0 0 3  
[ 14 C ] Glucose  Phlorizin 
( 0 . 2  m M )  ( 0 . 2  r a M )  0 . 1 0 1  ± 0 . 0 0 7  0 . 0 7 3  ± 0 . 0 0 2  0 . 0 5 4  ± 0 . 0 0 5  0 . 0 4 9  ± 0 . 0 0 1  0 . 0 3 0  ± 0 . 0 0 2  
[ 14 C ] Mannitol  Pblorizin 
( 0 . 2  r a M )  ( 0 . 2  m M )  0 . 0 4 8  ± 0 . 0 0 3  0 . 0 4 3  ± 0 . 0 0 2  0 . 0 4 2  ± 0 . 0 0 3  - -  0 . 0 3 1  ± 0 . 0 0 3  
[ 3 H ] G l u c o s e  [ 3 H ] -  

(?  r a M )  Phlorizin 
( 0 . 2  r a M )  0 . 1 1 8  ± 0 . 0 0 6  0 . 1 0 0  ± 0 . 0 0 6  0 . 0 2 8  -+ 0 . 0 0 2  0 . 0 6 0  ± 0 . 0 0 5  0 . 0 4 8  ± 0 . 0 0 3  

Hydrolys i s  rate o f  

[3H]Phlor iz in  ( 0 . 2  m M )  1 . 3 0  ± 0 . 0 5  0 . 9 5 2  ± 0 . 0 4 7  0 . 2 5 1  ± 0 . 0 2 4  0 . 8 0 7  -+ 0 . 0 9 2  0 . 7 2 6  -+ 0 . 1 0 8  

Transport  e f f ic iency o f  the 
l iberated glucose  (in percent)  9 .1  ± 0 . 4  * 1 0 . 6  ± 0 . 6  1 1 . 8  ± 1 . 3  7 . 6  ± 0 . 8  7 . 0  ± 0 . 5  

* T h i s  value is n o t  stat ist ical ly  different  (P  ~ 0 . 0 5 )  from the 11% f o u n d  for 75  previous  measurements  [ I ] .  

Tests with [3H]phlorizin confirm the observation of  Malathi and Crane [8] 
that phlorizin hydrolase activity is optimal in the presence of  Na ÷. Our results 
indicate (Table I) that Li ÷ is a better replacement to support hydrolytic activity 
than either mannitol or K ÷ and we confirm previous reports [9 ,10]  that sub- 
stitution of  Na ÷ with Tris causes a profound decrease in phlorizin hydrolysis 
rate. 

What are the effects of  Na ÷ omission on the accumulation of  [3H]glucose 
generated from phlorizin? The substitution of  Na ÷ by mannitol  or K ÷ leads to a 
50% loss o f  this transport rate which is the expected decrease if, as we reasoned 
earlier [1] ,  the Na÷-dependent glucose carriers that remain active in the pres- 
ence of  0.2 mM phlorizin account for half o f  the total [3H]glucose uptake 
under these conditions.  Since Tris inhibited [3H]phlorizin hydrolysis by 80%, it 
was not  surprising to observe the lowest transport rate of  [3H]glucose in this 
buffer. Yet, substituting Tris for Na ÷ caused a far greater reduction in 
hydrolysis than uptake and the best transport efficiency occurred in this 
medium. This may be the result o f  releasing glucose carriers from phlorizin 
blockade since the high affinity binding of  the glycoside to the intestinal trans- 
porter is Na ÷ dependent [11 ] .  On the other hand, the result is comparable to 
what Parsons and Pritchard [4] and Crane's group [12]  also found for the 
phlorizin-free disaccharidase-related transport system; Tris decreased the rate o f  
maltose and sucrose hydrolysis but the efficiency with which intestinal cells 
were able to capture the enzyme-generated hexoses was increased. 

With the exception of  the Tris results, the effects of  Na ÷ replacement on 
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[3H]glucose uptake essentially mimic those found for [14C]glucose transport  in 
the presence of  phlorizin. Our model  would predict this if the crucial assump- 
tion is made that the [3H]glucose concentration in the micro-environment of  
the brush border approaches the concentration of  its source, [3H]phlorizin. 
Certainly, 0.2 mM is the maximum attainable concentrat ion of  the [3H]glucose 
and this is why  most  of  our early control  studies with free [~4C]glucose were 
conducted at this level. Our findings support  our assumption: [3H]glucose 

! . . . + . 
endogenously formed from 0.2 mM [3H]phlonzm m the presence of  Na m 
accumulated at essentially the same rate as that  found for 0.2 mM [~4C]glucose 
in medium containing Na ÷ and 0.2 mM phlorizin. Furthermore,  replacement of  
Na ÷ by  either mannitol  or K ÷ has similar effects on both  systems (Table I); the 
accumulation rate of  both exogenous [~4C]glucose and the hydrolase~lerived 
hexose is reduced to the passive diffusion found for [~4C]mannitol. It is 
important  to notice that  this reduction occurs even though [3H]phlorizin is still 
being hydrolyzed at about  15 times the uptake rate. Clearly, transport  is 
inhibited much more than hydrolyt ic  action in these two media, an effect  
which is reflected by  the low transport  efficiency values. 

Estimation o f  the [3H]glucose concentration at the membrane surface 
A direct measure of  the effective [3H]glucose concentration at the mem- 

brane surface cannot be made, but  we have shown that  the amount  which 
enters the tissue can be readily assayed. If we assume that the [3H]glucose is 
available for uptake only by the same mechanisms used by  exogenous ['4C]- 
glucose when phlorizin is present, then the uptake of  [14C]glucose can be used 
in estimating the concentration of  [3H]glucose. Standard curves, one for each 
phlorizin concentration,  were constructed in which ['4C]glucose uptake rate 
was plot ted for an appropriate range of  free concentration in the medium 
(Fig. 3). The [3H]glucose uptake rate was now matched with the  villi uptake of  
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F i g .  3 .  V i l l i  a c c u m u l a t i o n  o f  [ 1 4 C ] g l u c o s e  in t h e  p r e s e n c e  o f  ph lor i z in .  E a c h  curve  represen t s  t h e  rate 
( n r n o l  • r a i n  -1  • m g  -1 d r y  v i l l i )  o f  [ 1 4 C ] g l u c o s e  ( p l u s  m e t a b o l i t e s )  a c c u m u l a t e d  b y  v i l l i  d u r i n g  a 3 - m i n  

i n c u b a t i o n  in n o r m a l  N a + - c o n t a i n i n g  K r e b s - R i n g e r  phosphate  buffer  c o n t a i n i n g  i n c r e a s i n g  a m o u n t s  o f  
u n l a b e l e d  ph lo r i z i n .  P h l o r i z i n  levels w e r e  0 .0  (A), 0 .1  (n) ,  0 .2  (X), 1 .0  (o)  a n d  2 m M  (o) .  The contro l  
u p t a k e  curve  ( n o  p h l o r i z i n )  w a s  c o n s t r u c t e d  f r o m  p r e v i o u s l y  reported data [ 1 , 1 3 ]  a n d  is the  e x p a n d e d  
early part o f  the  curve  s h o w n  in  Fig .  1.  As  the inhibi tor  is increased to  i t s  s o l u b i l i t y  l imi ts ,  the free 
g lucose  accumula t ion  rate is progressively lowered;  at 2.0  m M  p h l o r i z i n ,  the  g lucose  u p t a k e  cu rve  has  the  
s a m e  s lope  as m a n n i t o l  u p t a k e .  Curves  w i t h  p h l o r i z i n  at lower  levels s h o w  that there is r e s i d u a l  N a  +- 
d e p e n d e n t  ca r r i e r  activity.  Each po int  o f  the pl~ lor iz in- inh ib i ted  u p t a k e  cu rves  represents  the  mean  o f  
6 - - 3 0  o b s e r v a t i o n s .  
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T A B L E  II  

U P T A K E  R A T E  OF L I B E R A T E D  [ 3 H ] G L U C O S E  C O M P A R E D  TO T H A T  OF [ 1 4 C ] G L U C O S E  IN T H E  

P R E S E N C E  OF V A R I O U S  P H L O R I Z I N  C O N C E N T R A T I O N S  

The pblor iz in  c o n c e n t r a t i o n  represents  e i ther  the  un labe led  or  the  3H-labeled  subs t ra te ] inh ib i to r .  Its con-  
c e n t r a t i o n  r em a i ns  essent ial ly  c o n s t a n t  t h r o u g h o u t  the  3-rain i n c u b a t i o n  i n a s m u c h  as less t han  10% is hy-  
d ro lyzed .  The  m e a n  u p t a k e  rates  _+ S.E. in C o l u m n  A are t a k e n  f r o m  the  da t a  in Fig. 2 ( n u m b e r  of  experi-  
m e n t s  given in parentheses ) .  The  values  l i s ted  in C o l u m n  B were  o b t a i n e d  b y  f inding the  c o n c e n t r a t i o n  of  
glucose on  the  abscissa of  Fig. 3 w h i c h  c or r e sp on d s  to  the  sugar  u p t a k e  rate  in C o l u m n  A and  using the  
p r o p e r  ph lor iz in  c o n c e n t r a t i o n  curve .  

Phlor izin 
( m M )  

(A)  Tota l  u p t a k e  ra te  of  [ 3 H ] g l u c o s e  
re leased  f r o m  phlor iz in  
( n m o l  • ra in  -1 • m g  -1 ) 

(B) Glucose  c o n c e n t r a t i o n  necessary  
to give the  ind ica ted  ra te  in C o l u m n  A 
(raM) 

0.1 0 .077  +_ 0.01 (18)  0 .06  
0 .2  0 .133  _+ 0 .02  (75)  0 . 1 5 5  
1.0 0 .358  _+ 0 .08  (18)  0 .82  
2.0 0.492_+ 0 .07  (6)  1 .70  

[~4C]glucose, and using the appropriate phlorizin standard curve, the sugar con- 
centration in the medium (and presumably in the carrier environment) was 
estimated. Our underlying assumption requires that if this estimated [3H]- 
glucose concentration exceeds the phlorizin concentration, then either (1) 
phlorizin hydrolase generates a higher concentration of free [3H]glucose than 
the phlorizin substrate (an unlikely condition), or (2) the enzyme-liberated 
sugar enters the tissue by other than the known pathways, perhaps by a special 
hydrolase-related process. The estimated [3 H]giucose concentrations are shown 
in Table II. In every case, the glucose level which would support the transport 
rate was less than the phlorizin concentration. The findings are consistent with 
our hypothesis; phlorizin hydrolase-related transport involves the generation of 
free glucose directly at the membrane surface where it is delivered directly to 
the normal hexose transport sites at a greater concentration than can be 
achieved by random movement of free glucose from the bulk medium. 

Discussion 

The process by which glucose delivered from phlorizin is accumulated by 
intestinal mucosa may be viewed as a model of the disaccharidase-related- 
transport systems. Phlorizin hydrolase is intimately associated with lactase 
[14] and the latter enzyme confers the same kinetic advantage for transport to 
its hydrolysis products as sucrase and maltase [6]. Furthermore, the properties 
of the phlorizin hydrolase-linked sugar uptake system closely resemble those 
reported for the disaccharidases [1]. Using phlorizin as substrate to study the 
transport mechanism of giycosidase~lerived glucose gives us an advantage not 
enjoyed by the workers who originally described the phenomena. The com- 
pound serves as both the glucose source and as a potent inhibitor of the well- 
known Na÷-dependent glucose transporter. To determine how the glycosidase- 
derived glucose is absorbed, it is important to know its effective concentra- 
tion, not in the bulk medium, but directly at the membrane surface where the 
hydrolase generates it. Without this information, it is impossible to estimate 
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what fraction of the total sugar transport occurs via passive diffusion or the 
contribution of the glucose carrier system which escapes phlorizin inhibition. 
Crane and his colleagues have always stressed this point and their solution to 
this problem has been to compare the relative uptake rates of glucose generated 
by a disaccharidase with that formed by another brush border hydrolase, 
alkaline phosphatase [3,6,12]. At comparable hydrolytic rates, much more of 
the glucose liberated from sucrose than from glucose 1-phosphate was trans- 
ferred through brush border vesicle membranes [15]. These results show that 
the mere generation of a high glucose concentration at the membrane is not 
sufficient to explain the preferential uptake of hexose from disaccharides; 
glucose generated by alkaline phosphatase does not experience this special 
transport process. Since all the evidence for a unique, direct transport role 
played by the disaccharidases focuses on this point, it is important to carefully 
consider whether phosphatase-derived glucose can serve as a reliable control 
for hydrolase-generated glucose at the membrane surface. We have no evidence 
to argue this point but have considered the following possibilities: (1) Glycosi- 
dases release their products in a compartment which is not shared by the 
glucose released by the phosphatase and from which there is greater access to 
normal sugar transport mechanisms. (2) Fewer copies of alkaline phosphatase 
exist per unit area of membrane than for the disaccharidases. Thus glucose 
from glycosides could be generated at higher density sites with better 
opportunity to use neighboring entry portals. (3) Glucose 1-phosphate is 
anionic and could experience distributional effects in the phosphatase micro- 
environment not applicable to uncharged glycosides. Furthermore, besides 
glucose, inorganic phosphate is generated in the reaction. The inorganic anion is 
also transported across the brush border membrane [16]; membrane potential 
could be affected which is known to influence glucose uptake [17,18]. 

Yet there are other arguments advanced by Crane and his colleagues to 
support their views and their work remains as strong evidence that the glucose 
from disaccharides enters the tissue by a different route than the Na÷~lepen - 
dent glucose pathway and all diffusional pathways [2,3,6]. Furthermore, they 
have demonstrated this same phenomenon with brush border membrane 
vesicles in which the influence of unstirred layers are presumably at a minimum 
[15]. Our current studies with the phlorizin hydrolase system do not rule out 
their proposal that the disaccharidases play a direct role in the transport of split 
sugars. On the other hand, it is not necessary to view phlorizin hydrolase as 
a direct transferring agency in order to account for the kinetic uptake advant- 
age of the glucose it liberates. Furthermore, at least two groups of clinical 
investigators have failed to find evidence for a special disaccharidase-related 
system in humans with glucose-galactose malabsorption [19,20], a syndrome in 
which, just as in our system, a functional Na÷-dependent sugar carrier is 
missing. 
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