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SUMMARY 

The transmural potential difference (PD) measured in vitro with paired everted 
jejunal and ileal sacs of rat  small intestine is strongly influenced by the concentration 
of Na ÷ and by the presence and concentration of actively transported sugars. Changes 
in PD, z]PD, following the addition of certain sugars have been assumed to reflect 
changes in the rate of Na + entry. Double reciprocal plots, I /APD vs. i/[sugar], are 
suggestive of saturation phenomena interpretable in terms of a ternary interaction 
of Na +, sugar and a mobile carrier in the brush border membrane. Reasoning along 
these lines, comparison of the kinetics observed with Tris +, a non-penetrating ion, 
and with K÷, a penetrating ion, suggest that  K + is a competitive inhibitor for Na T 
interaction with the sugar carrier. The dissociation constants for the various equilibria 
which may  be assumed to occur in a system containing carrier, Na + or K + and sugar 
have been evaluated by extrapolation from plotted values and by computer iterative 
analysis. 

The effect of K + replacement of Na T with rat  preparations differs somewhat 
from the effect with rabbit  ileum reported by others although, in both, PD and short- 
circuit current measurements rise in response to increases in Na T and/or sugar con- 
centrations. The need is thus indicated for consideration of two kinetic models: one 
in which there is a high degree of interaction between the ion-binding and sugar- 
binding sites of the carrier, a model which appears to be appropriate for the rat, and 
another in which interaction between these sites is minimal, a model which appears 
to fit the data for the rabbit. 

Abbrev ia t ion :  PD,  po ten t i a l  difference. 
* A p re l imina ry  repor t  of  th i s  work  was  p resen ted  a t  a mee t i ng  of  t he  X X l I I  I n t e r n a t i o n a l  

Congress  of  Physio logica l  Sciences he ld  in Tokyo,  J a p a n ,  Sep t embe r  1-9, 1965 . 
** P r e s e n t  address :  D e p a r t m e n t  of  Phys io logy,  R u t g e r s  Medical  School, New Brunswick ,  

N.J. (U.S.A.). 
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INTRODUCTION 

It  is now well established that Na + is involved in the active intestinal transport 
of a variety of substances 1-7, including sugars. Na + is required and other cations 
neither substitute for it nor appear to act in concert with itl,2, s. Also, it appears to 
be involved in substrate entry across the brush border membrane of the mucosal 
ce113,9,10. 

Studies in  vitro with hamster small intestine 11, in which Na + was replaced 
progressively with K+, showed a parallel inhibition of sugar transport, measured by 
accumulation of 6-deoxy-D-glucose, and of Na + entry, measured by flame photometry 
and 22Na+ influx. This apparent relationship between sugar and Na + transports was 
interpreted to mean that entering sugar is accompanied by Na + and the effects of K + 
interpreted as a competition between K + and Na + for an ion-binding site on a carrier. 
Subsequent studies of the effect of Na + concentration on the apparent Michaelis 
constants for sugar transport 12 provided support for this interpretation. When Na~ 
was replaced with Tris +, the apparent K m  for 6-deoxy-D-glucose was increased, but 
with K + the increase was greater. 

As discussed previously, sugar entry into the cell, if it occurs as postulated by 
CRANE et al.l~, 14, should not be an electrically neutral process and studies on the 
transmural potential difference, PD, and the short-circuit current, seem to bear this 
out. PD is dependent upon Na + (cf. refs. 15-2o ) and is increased in the presence of any 
of the glucose group of actively transported sugarslS,19, ~x-al. With rabbit ileum 2s-*s 
the increase in PD is accompanied by an increase in the mucosal-+serosal 22Na+ flux 
and a numerical equivalence between short-circuit current and ~2Na+ flux has been 
established. Moreover, sugar-induced changes in PD and short-circuit current are 
linearly related ~7-31. 

The effect on PD of graded concentrations of actively transported sugars has 
been interpreted 3x in terms of the ternary interaction of sugar and Na + with a mobile 
carrier in the brush border membrane postulated by CRANE et al.13,14 and changes in 
PD, fl PD, have been taken as a measure of sugar-dependent entry of Na+ into the cell. 
From plots of I/z]PD vs. I/[sugarl values of apparent Km and Vmax for D-glucose and 
6-deoxy-D-glucose could be extrapolated. The kinetics in these studie# 1, in which 
Na + was replaced by Tris +, were of the competitive type. 

In a recent paper SCHULTZ AND ZALUSKY 28 presented short-circuit current data 
obtained with rabbit ileum suggesting, in parallel with the above, that Zlshort-circuit 
current is a saturable function of the concentration of sugar in the mucosal medium. 
However, their data indicated that replacement of Na + with K÷ caused a decrease 
in Vmax but no substantial change in Kin; that is, the kinetics were non-competitive. 
These findings are at variance with ours for the rat and may, to some extent be due 
to species differences. However, preliminary experiments in which replacement by 
Tris + and K + were compared, suggested that the kinetics with K + replacement are 
indeed, as found by SCHULTZ AND ZALUSKY substantially non-competitive in charac- 
ter while with Tris ÷ replacement they are of the competitive type. 

The present studies are an extension of these preliminary experiments which 
appear to resolve the differences between the findings of the two laboratories. 
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METHODS 

Tissue preparation 
Paired everted sacs a2 of jeiunum and ileum were prepared as previously de- 

scribed 31 from Sprague-Dawley MRC rats of either sex, weighing I5Oz~2o g, after a 
fast of 48 h during which water was available ad libitum. 

Incubation media 
The everted sacs were incubated at 37 ° in Krebs-Henseleit bicarbonate media zs 

modified by replacing 25 mM NaHCO 3 with 25 mM Tris+-bicarbonate as a buffer at 
pH 7.4- The remaining 12o mM, required for isotonicity, were divided between NaC1 
and either Tris+-HC1 or KC1. The ionic compositions of these media and their designa- 
tions are given in Table I. When D-glucose or D-galactose was added to the mucosal 
medium, in graded concentrations between I and 25 mM, the control solutions con- 
tained D-mannitol, in comparable concentrations, to correct for osmotic disequilibria. 

TABLE I 

IONIC COMPOSITION OF THE BUFFERS USED 

Krebs-Henseleit bicarbonate buffer (Concn. in mmoles/l) 

Na +, 145; K +, 6; Ca 2+, 1.3; Mg 2+, 2.5; 
CI-, 127; SO, z-, 2.5; HPO,Z-,  1.2; HCOs-  , 25. 

Tris+-bicarbonate buffers 

Designation Component Conch. in mmoles/l 

N a + - T r i s  NaC1 I2O* 96 72 48 24 o 
Tris+C1 - o 24 48 72 96 i2o  

N a + - K  + NaCI 12o* 96 72 48 24 o 
KC1 o 24 48 72 96 12o 

" A l t h o u g h  the  c om pos i t i on  of these  buffers is the  same ,  the  app rop r i a t e  des igna t ion  is 
used in a g iven c o n t e x t  for c lar i ty .  

Incubation apparatus and measurement of transmural PD 
The apparatus and the method of measurement of PD values have been de- 

scribed in detail in the first report of this series 81. 

RESULTS AND DISCUSSION 

Effects of K + and Tris+ on the Na+-dependent transmural PD 
The spontaneous transmural PD, measured with jejunal sacs, depends upon the 

Na* concentration in the medium (Fig. I), whether replacement is with K + or Tris+. 
With either replacement ion, PD is a linear function of Na + concentration between 24 
and 12o mequiv, although the effect of changes in Na + was proportionally greater in 
the presence of Tris +, a non-penetrating ion, than in the presence of K +, a penetrating 
ion. The difference in slope of the two curves suggests that K +, relative to Tris+, 
reduces Na+ influx. 
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Figs.  I a n d  2. Inf luence of  the  rep lacement  ion  on the  Na+-dependent  t ransmura l  P D  in the  je- 
j u n u m  (Fig. i) and in the  i l eum (Fig. e). Upper  curves,  K + replacement;  lower,  Tris + replace- 
ment .  A P D  I~+ a n d  A P D  •a+, K + - d e p e n d e n t  and Na+-dependent  increments  of  PD,  respect ively.  

It may  be noted that when Na + is replaced by Tris +, PD is positive toward the 
serosa only when external Na + is in excess of  88 mequiv; a reversal in polarity is seen 
at lower concentrations. There is no reversal in polarity with K +, presumably because 
an increasing portion of  tile PD is supported by the movement  of  K + as it replaces 
Na + (Fig. I). 

The relationship between the Na + concentration in the medium and the PD 
measured with ileal sacs (Fig. 2) is similar to that described for jejunal sacs except that 
reversal in polarity occurs at a Na + concentration of 54 mequiv.  
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Effect of [Na +] in Na+-Tris + buffers on sugar-dependent increment of transmural PD 
The increment in PD, A PD, induced by mucosai sugar is a function of the con- 

centrations of both Na + and sugar. For example, as the concentration of Na + was 
increased from o to 12o mequiv, APD induced by sugar rose as shown in Fig. 3. These 
curves are typical of the general pattern observed with jejunal and ileal sacs and with 
graded concentrations of glucose or galactose. With either sugar, ileal APD values 
were generally higher than jejunal over the range of Na + concentrations. Increments 
in PD with glucose were greater than those with galactose in both jejunal and ileal 
preparations. 
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Fig. 3. Influence of Na  + and sugar  concentrat ions on t r ansmura l  PD values in ileum with  Tris + 
replacement.  Each  poin t  represents  the mean of 6 experiments;  each percentage figure is the 
average s tandard  deviation (S.D.) f rom the mean for all values obtained with a given concen- 
t ra t ion  of sugar:  I - - . ,  ± i 8 % ;  [ 3 - - [ ] ,  4- 21%;  0 - - - 0 ,  4- i 1 % ;  (2)--@, 4- 2o%. 

Effect of ENa+] in Na+-K + buffers on sugar-dependent increment of transmural PD 
The mutual influence of Na + and sugar on the increment of PD is clearly to be 

seen also when K + is used to replace Na +. However, the way in which APD changes 
is markedly influenced by the replacement ion (Fig. 4). The same pattern was ob- 
served with jejunal and ileal sacs and with glucose and galactose. Again, the glucose- 
induced increments tended to exceed those with galactose and they were higher in 
the ileum. 

Kinetics of Na + f lux in Na+-Tris + buffers 
If  it is correct to assume that PD is a measure of energy-dependent Na + trans- 

location across tbe basal membrane of the epithelial cell', then the maximal rate of 

* This assumpt ion  appears  to be a valid one since sugar-dependent  changes in PD and 
short-circuit  current ,  measured in the same everted sac, parallel one another.  Thus,  the tissue 
conductance ratio, change in short-circuit  cur rent :change  in PD ratio,  has been found to be a 
cons tan t  whose numerical  value depends upon the Na  + concentrat ion of the medium. 
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Fig. 4. Influence of the replacement  ion on the Na+-dependent  PD in the ileum in the presence of 
sugar. The dashed curves are for Tris + replacement  and are taken f rom Fig. 3; the cont inuous 
curves wi th  exper imenta l  points  are for K+ replacement.  All curves were t ransla ted to extend 
f rom the origin. Each poin t  on the cont inuous curves represents  the mean of 6 exper iments ;  each 
percentage figure is the average S.D. for all values obtained wi th  a given concentrat ion of  sugar:  
=- - I ,  ± 5%; 77--77, Jz ~ 6 % ; H ,  + ~5%; ©--©, ± 24%. 

this translocation should be the maximal rate of mucosal-->serosal Na + flux. However, 
the possibility exists that Na t entry at the mucosal membrane may exceed this. By 
analogy with enzyme kinetics and along the lines of mobile carrier concepts 3~, it is 
assumed that Na t interacts with the sugar carrier in the brush border membrane at 
a specific ion-binding site and that this carrier-mediated transport of Na + is reflected 
by increases in PD and short-circuit current. Compounds (e.g. sugars) whose move- 
ment is Na+-dependent and which consequently enhance Na t movement may thus 
be regarded as "non-essential activators ''35 which interact with a second specific site 
on the carrier 31. 

The kinetics of Na + flux with regard to Na t  concentration, when varied by 
Tris+ replacement, are those of a relatively simple association-dissociation phenome- 
non. The same or nearly the same maximal velocity is approached either (Fig. 5) at a 
given sugar concentration when the concentration of Na + is increased without limit 
or (Fig. 6) at a given Na t concentration when the concentration of sugar is increased 
without limit. A kinetic model consistent with these findings has been visualized for 
the hamster 1~ and for the rat 31 in terms of the ternary complex mentioned above 
consisting of carrier, Na t and sugar in which there is a high degree of interaction 
between the ion-binding and sugar-binding sites. As formulated, this is perhaps an 
example of mutual aUosteric activation 3~. 

Kinetics of Na+ flux in Na+-K + buffers 
There is a decided difference in the kinetics of Na ÷ flux, as measured by PD, 

when K+, rather than Tris+, is used as the replacement ion (compare Fig. 7 with Fig. 
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Figs. 5 and  6. Reciprocal  plots  of  I /PD vs. I / [Na +] a t  various galactose concentra t ions  (Fig. 5) 
and of  I / P D  vs. I / [galactose t a t  var ious Na  + concentra t ions  (Fig. 6), obta ined wi th  paired ra t  
je junal  sacs incuba ted  a t  37 ° in Tr is+-bicarbonate  buffers containing graded sugar concent ra t ions  
and  Tris + as a rep lacement  for Na  +. Each  poin t  represents  the  mean of  6 exper iments .  

6). Replacement by  Tris+ (Fig. 6) resulted in a progressive increase in the apparent 
dissociation constant for carrier-sugar interaction from about 4 mM galactose at 
12o mequiv Na + to about 33 mM sugar at 24 mequiv, while the maximal rate remained 
unchanged at 15. 4 InV. Replacement by  K + (Fig. 7) had no obvious effect on the 
affinity of the carrier for galactose but  the maximal rate was sharply decreased from 
15.6 mV at 12o mequiv Na ~ to 6.1 mV at 24 mequiv Na t.  

The effects of K+ noted here in terms of total PD, seem to be in line with the 
results obtained by  SCHULTZ AND ZALUSKY for the rabbit  ileum 28. A more direct 
comparison, however, is tha t  based on double reciprocal plots of APD and [sugarl 
(Figs. 8 and 9). Since LIPD is the difference between the velocities determined in the 
presence (v) and absence (v0) of sugar or Nat ,  i .e .  it is equivalent to v - - v  o, it follows 
from theory that  a plot of I/A PD vs .  I/[sugar] or I/ENa+I should extrapolate to infinity 
since v 0 will approach v as I/[sugar] or I / [Na  t]  approaches zero. Therefore, such plots 
are not expected to yield straight lines, although these, in fact, do (Figs. 8 and 9). 

In any case, with Tris+ as replacement ion (Fig. 8) the curves extrapolate to 
intercept the ordinate at a common point representing the reciprocal of an increment 
in Vmax of 7.9 mV. The apparent  K m  for carrier-galactose interaction varies, in this 
instance, from about 14 mM at 24 mequiv Na + to less than 4 mM at 12o mequiv. 
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On the other hand, with K + as replacement for Na + (Fig. 9), the curves do not extra- 
polate to a common intercept on the ordinate; there is not only a change in Kin, 
there is one also in AVmax. The point of intersection of the curves suggests that  K + 
has two effects in this system; namely, (I) to lower the maximal rate of sugar-depend- 
ent Na + flux (non-competitive inhibition) and (2) to depress interaction between 
sugar and its binding sites on the membrane carrier (competitive inhibition). 

Although PD and short-circuit current values are enhanced by increases in the 
concentrations of Na + or sugar, with both rat as seen here and rabbit  as found by 
SCHULTZ AND Z A L U S K Y  28, the difference between Fig. 9 and Fig. 4 of ref. 28, indicates 
the need to consider two different kinetic models; namely, one in which there is a 
high degree of interaction between the ion-binding and sugar-binding sites of the 
carr ier- -a  model which appears to be appropriate for the rat ;  and another one in 
which interaction between these sites is min imal - -a  model which appears bet ter  to 
fit the rabbit  data. 

Kinetic analysis 
The concept of a ternary interaction such as that  postulated in transport  

systems has some novelty and for this reason requires being inspected thoroughly 
from many  viewpoints. Thus, we are interested in developing a thorough kinetic 
an alysis of the system and a continuing a t tempt  is being made to evaluate the relevant 
parameters.  The following analysis is entirely based on concepts and formulations 
developed by  Dr. G. SEMENZA which are being prepared for publication elsewhere 
and which have been generously provided to us as a personal communication. The 
analysis is presented at some length in order that  it may  be readily understood. 

The various presumed interactions in the system under study have been defined 
by  the following list of equilibria, where C indicates the carrier, S the substrate (Na+), 
A the non-essential activator (sugar) and I the inhibitor (K+). The respective dissocia- 
tion constants are indicated. 

k3 
C + S ~ C S - - - +  P D ;  I~c ( " P r o d u c t s " )  (I) 

[c] Es] 
Ks = - - - -  (ia) 

[cs] 

C + A ~- CA --1--> (2) 

[c] [A] 
K A = - -  (2a) 

[CA] 

k 3" 
CS + A @- CSA - - - ->  "P roduc t s "  (3) 

[cs] [A] 
KA'  --  - -  (3 a) 

[CSA] 

k 8" 
CA + S ~ CSA - - - +  " P r o d u c t s "  (4) 

[CA] [S] 
K s '  (4 a) 

[CSA] 

k3 ~ 
C + I ~ CI  > " P r o d u c t s "  (5) 
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[c] [i] 
KI  ~ - -  

[Cl] 
~$ttl 

CI + A ~- CIA > " P r o d u c t s "  

[C I ] [A ]  
KA" -- 

[ClA] 
k8 ut 

CA + I ~ CIA > " P r o d u c t s "  

[CA] [I] 
KI" 

[ClA] 
k~ x 

CS + I ¢ S  + CI > " P r o d u c t s "  

[as] [I] 
K I "  

[c i ]  is] 

CI + 
ks 

S ~ I + CS --- ."  " P r o d u c t s "  

(5a) 

(6) 

(6a) 

(7) 

(7a) 

(8) 

(8a) 

(9) 

[CI] IS] 
Ks  n 

[CS] [I] 

s + A - - l - +  

S + I --/--> 

A + I - - / - +  

F r o m  Eqns.  I a - 4 a ,  the  following re la t ionships  m a y  be der ived :  

KA Ks 

(9a) 

(io) 

(11) 

(12) 

(13) m 

KA" Ks '  

and from Eqns.  2a and  5a-7a ,  the  re la t ionship  

KA __ KI  (14) 
/~A tt KI '  

m a y  be obta ined .  Other  useful re la t ionships  such as 

Ks 
= Kl (15) 

Ks n 
and 

Kx 
= Ks (16) 

KI H 

m a y  be read i ly  der ived  from Eqns.  13 and  14 and  from the  remain ing  dissociat ion 
cons tants .  The to ta l  amoun t  of  carr ier  ava i lab le  m a y  be expressed as the  sum of  free 
car r ie r  and  the  var ious  bound  forms of  the  carr ier  as ind ica ted  in the  equi l ibr ia  shown 
above  : 

[C]total = [c] -b [CS] -}- [CA] + [CI] -~- [CSA] + [CIA] (17) 

Div id ing  bo th  sides of  Eqn.  17 b y  [CSA] and  subs t i tu t ing  the  app rop r i a t e  te rms from 

Eqns.  I a - 5 a  and 7a we der ive:  

[C]total KA Ks" KA" Ks '  KA [I] KS' Ks '  [I] - - - - =  1 + - - . - - +  + + + (18) 
[CSA] [A] IS] T ~ -  ~] -  [*] K~ IS] IS] K~" 
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From Eqn.  18 the following reciprocal rate equation was developed: 

, + K 1 .  
- = ( ~ 9 }  

v + @ .  KA' + " - - +  a • 

where 
v ~ ks[CS ] + hs ' [CSA ] + ks"[CI  ] + ks" ' [CIA]  (20) 

and the maximal  velocity terms are defined as follows: 

~15 = ks[C]total (Na  + = oo, K + = o, s u g a r  = o) (21) 

V = h a t [ C ] t o t a  I ( N a  + = ~ ,  K + = o ,  s u g a r  = oo) (22) 

V = ks"[C]total (Na  + = o, K + = oo, s u g a r  = o) (23) 

= k s H ' [ C ] t o t a l  (1Nla + = o ,  K + = (x~, s u g a r  = oo) (24) 

from which the relationships 

k a F k3" a ks"" 
a n d  - -  = - -  (25) 

V - -  ~-3" V k s' V k a' 

m a y  be derived. 
The dissociation constants  for the various interactions and the maximal  rates 

under  the conditions specified above have been evaluated by  computer  i terative 
analysis between the limits o and oo for [S], EA] and FI l and the values so obtained 
are presented in Table II .  These are preliminary figures to indicate the degree of  fit. 
Full computer  analysis will require some months  further  t ime and final results will 
be reported in a subsequent publication. The values for the pairs of dissociation 
constants  Ks--Ks '  and KA--KA' indicate mutual  allosteric activation effects of  sugar 
on the Na+-carr ier  interaction and of  Na+ on the sugar-carrier  interaction3~; the 
corresponding values for the K+-carrier  interaction, KI--KI'  do not  indicate any 
significant influence due to the presence of sugar. The value for F (Na + = o, K + = oo, 
sugar = o) indicates tha t  K + can support  a considerable PD in the absence of Na + 
and sugar, a result which is clearly evident in Figs. I and 2. In  theory,  the value for a 
(Na+ = o, K + = oo, sugar = oo) should approach the value for V if the effect of K + 
were solely tha t  of  an ion competing against Na  + for the cation-binding site of  the 
carrier. However,  while K + appears to be competi t ive vs. Na + when simply compared 
with Tris+ at the same Na  + concentrations,  the total  effect of K + seems to be par t ly  
competi t ive and par t ly  non-competi t ive (Fig. 9). The value of  3.24 for O (Table II1 
probably  reflects this dual effect of  K + and such a value would indeed be expected if 
the K + effect were approx. IO% competi t ive and 90°//0 non-competit ive.  

F rom the influence of  sugar on the carr ier-Na + interaction and of Na + on the 
carr ier-sugar  interaction, it would appear tha t  the relationship expressed in Eqn. 13 

KA K s  

KA '  K s '  

holds bo th  for the rat  and for the rabbit.  However,  cont rary  to the da ta  obtained for 
the rat,  the rabbit  da ta  2s indicate little or no change in the apparent  dissociation 
constant  for the interaction between carrier and sugar over a wide range of Na  + con- 
centrations,  i.e. K A  --~ K A '  and, therefore, K s  ---- Ks'. This result suggests little or no 
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(i) 
Dissociation constants 
Subst ra te  interactions 

Ks  211.O mequiv  
Ks" 1.5o mequiv  
Ks" 4.44 mequiv  

Act ivator  interactions 

KA 526.0 mM 
KA' 1.55 mM 
KA n 620.0 mM 

Inhib i tor  interactions 

KI 47.5 mequiv  
KI '  56.0 mequiv  
KI" 0.22 mequiv  

Maximal  velocities 
V 16.o mV 
~b 16.o mV 
F ? 
a ? 

Rate constants*** 
h3 t 

k 3 
k8 tt 

k3 Ht 

T A B L E  I I  

KINETIC PARAMETERS FOR EQUILIBRIA DESCRIBING INTERACTIONS OF SUBSTRATE (~N'a+), NON- 

ESSENTIAL ACTIVATOR (SUGAR) AND INHIBITOR (K +) WITH T H E  CARRIER 

Parameter Graphical Computer analysis** 
analysis* 

(2) 

435.o mequiv  
I.OO mequiv  

14.8 mequiv 

655.0 mM 
1.5o mM 

648.0 mM 

29.4 mequiv 
29.0 mequiv  

0.07 mequiv  

17.1 mV 
19.7 mV 
32.1 mV 

3.24 mV 

i .oo t -1 
1.15 t -1 
1.87 t-1 
o.19 t-1 

* The values in Column i include est imates  f rom data  presented in ref. 31. KI and KI" 
were est imated by  Dr. G. SEMENZA f rom da ta  obtained in kinetic studies of  intestinal  sucrase, an 
enzyme which is Na+-act ivated and inhibited by  K + (cf. ref. 37). Ks", KA" and KIn were calculated 
using Eqns.  14-16. Wi th  the reciprocal rate  equat ion (Eqn. 19) the data  in Column I yield the 
experimental ly  determined values of  I/V. 

** The values in Column 2 were determined by  Dr. W. BEST th rough  iterative analysis on 
a compute r  p rogrammed  according to Eqn.  19 and for exper imental  values of i /v obtained with 
graded concentrat ions of  Na +, sugar  and K +. Ks, Ks  ~, KA" and KIn were calculated using Eqns.  
13-16. Wi th  the da ta  in Column 2 Eqn.  19 yielded the experimental ly  determined values for i/v. 

*** The values for the rate  cons tan ts  were calculated f rom the relat ionships expressed in 
Eqn.  25 and the value for k 3' was arbi trar i ly set at  i.oo. 

allosteric interaction between the cation-binding and sugar-binding sites. In the rat 
KA # KA' and, therefore, K s  # K s '  (Table II)  which suggests, as has been previously 
pointed out 31, a significant degree of interaction between the cation-binding and 
sugar-binding sites. Because of this apparent mutual  allosteric activation effect in the 
rat,  the inhibitory influence of K + on the apparent dissociation constants for Na + 
(Ks and Ks') and for sugar (KA and KA') cannot be expected to yield kinetic para- 
meters which are equivalent quanti tat ively to those obtained in the absence of Na +. 
The kinetic model suggested for the rat  may  represent the more general case while 
that  suggested for the rabbit  may  constitute a simpler one. 
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