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Summary .  Short-circuited toad bladders were loaded with K 4z from the serosal 
medium in a chamber stirred by rotating impellers. The chambers were washed with 
nonradioactive Ringer's, and all effluent was collected from the two chambers separately 
for 30-sec intervals for 30 rain and counted. Comat rate data were fitted to sums of 
exponentials and analyzed by the methods of compartmental analysis. There are at least 
two potassium compartments, with half times of 2.42 and 18.48 rain. These compartments 
contain 2.01 and 7.93 laEquiv x 100 mg dry weight -1, respectively, amounting to 45 % 
of total tissue K. Determinations of the rate of buildup of tracer in the tissue after 
immersing the bladder in K 4z Ringer's confirmed the fact that only a portion of tissue 
K exchanges even after one hr; thus the rest must have a considerably slower exchange rate. 
Fluxes at the inside border are far greater than at the outside, as predicted from electro- 
physiological data. Of the two tissue compartments, only the smaller and faster one 
appears to be related to Na transport, since only this compartment shows changes after 
Na removal (unidirectional serosal K fluxes decrease by some 50 %) or after the addition 
of vasopressin (serosal fluxes and pool size increase by over two-fold). The results also 
are consistent with the operation of a 1 : 1 Na-K exchange pump at the serosal border. 

The isolated ur inary  b ladder  of the t oad  is k n o w n  to carry  out  the net 

t ransepi thel ia l  t r anspor t  of N a  against  an  e lect rochemical  potent ia l  gradient .  

In  addi t ion  to the opera t ion  of  such a N a  p u m p ,  it seems clear  tha t  this, 

like other  or iented mult icel lular  m e m b r a n e s ,  is able to ma in ta in  a high 

intracel lular  concen t ra t ion  of K.  The  m e c h a n i s m  of the ma in tenance  of this 

K gradient  is no t  entirely clear,  bu t  K o e f o e d - J o h n s e n  and  Ussing (1958), 

suggested the presence of a N a - K  exchange p u m p  at  the serosal bo rde r  

of  the epithelial  cell, with subsequent  passive diffusion of K into the serosal  

solution.  A l though  it has  been  difficult to measure  the m o v e m e n t  of K 
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across the serosal border of the toad  bladder epithelial cells accurately, 

or  across the analogous border of other epithelial systems such as the frog 

skin, it has been inferred that  1:1 N a - K  exchange at  the inside border  is 

unlikely. Recent  experiments in rodent  renal tubules (Malnic, Klose & 

Giebisch, 1966) and in isolated frog skin (Biber, Aceves, Mandel  & Curran,  

1971) support  this concept. In addition,  there is little or no direct informat ion  

as to the size of the pool  of K which participates in such a N a - K  exchange 

mechanism in the toad  bladder, a l though in frog skin there is fairly good 

evidence that  virtually all of the K is contained in a single pool  (Curran & 

Cereijido, 1965). Such does not  seem to be the case in toad  bladder  (Essig & 

Leaf, 1962; Kallus & Vanatta,  1970). 

Recent  developments in this laboratory (Finn & Rockoff ,  1971) have 

made it possible to determine the size of the Na  t ransport  pool, and  the 

fluxes of Na  across the mucosal  and serosal cell membranes.  Because of the 

development of this technique, it seemed appropriate to s tudy the kinetics 

of K movement  in a similar manner,  in the hopes of determining the fluxes 

of K into and out  of the K pool  or pools in the tissue and, if possible, 

to correlate K movements  with Na  movements.  

Materials and Methods 

The toads used in these studies were Bufo marinus, from Colombia, South America. 
They were obtained commercially from the Pet Farm, Miami, Florida, and kept on 
moist San-i-cel (Paxton Processing Company, Paxton, Illinois) prior to use. The toads 
were doubly pithed, and the bladders removed and placed in Ringer's solution composed, 
in mM/liter, of NaC1 109, KC1 2.5 or 5.0 (see below), CaC1 z 1.0, NaHCO3 2.4 and glucose 
5.6. Solutions were gassed with room air and had a pH of 7.8. The bladders were mounted 
in a chamber which has been described previously (Finn & Rockoff, 1971) and were 
kept short-circuited throughout all experiments. No bladders were studied unless the 
spontaneous transepithelial potential difference was 20 mV or greater. 

Briefly, the chamber is one in which the media are stirred by rapidly rotating impellers, 
with separate entrance and exit ports on each side. After the short-circuit current reaches 
a steady state, radioactive K (as K 4z C1 obtained from Cambridge Nuclear Corp. or 
from the International Chemical and Nuclear Corp.) is introduced into the serosal 
chamber. The final concentration of K in the loading solution is either 2.5 or 5.0 mM 
(depending upon the specific activity of the tracer as received from the vendor), in order 
to maintain a tracer concentration of at least 0.1 mC/ml. The tracer is allowed to remain 
in the chamber for at least 60 rain, during which time nonradioactive Ringer's is con- 
tinuously pumped through the mucosal chamber. 

At the conclusion of this loading period, nonradioactive Ringer's is pumped through 
both chambers at a rate of 38.2 ml/min per chamber (nominal pump rate) for 1 rnin. 
Previously, we have shown that this procedure removed virtually all of the loading 
solution from the chamber (Finn & Rockoff, 1971). After 1 min, the flow rate is 
abruptly reduced to 7.8 rnl/min per chamber, and all effluent is collected into test tubes 
mounted in a fraction collector. Fluid is collected from each side for 30-sec periods 
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Fig. 1. Simple two-compartment tissue model. Mucosal (M) and serosal (S) chamber 
compartments are also indicated. The k 's  are rate coefficients for each of the unidirec- 
tional fluxes, shown as arrows; k0~ t and kos refer to the rate coefficients for chamber 

washout on each side 

for 30 min and subsequently the test tubes are placed in a well-type automatic gamma 
counter (Packard Instruments, Inc.) and counted. (Because of limitations imposed 
by the number of samples and the problems of decay, all samples from the first 30 
collection periods, and alternate samples from the last 30 periods, are counted). Samples 
are counted long enough to give at least 10,000 counts, and all count rates are subse- 
quently corrected for the decay involved in counting. At  the completion of each set 
of experiments, the bladder is punched out of the assembly with a cork borer, dried to 
constant weight at 80 ~ and the dry weight obtained. 

Theoretical Considerations 

A compartmental model for the analysis of the data has been developed, as in the 
previous experiments regarding Na kinetics (Finn & Rockoff, 1971). As previously 
discussed, one can determine a lower bound on the number of compartments by fitting 
the data simultaneously with linear combinations of exponentials. In all of these studies, 
as shown below, a minimum of three exponentials was necessary, so that at least three 
compartments in the model were required. As shown before, one of these compartments 
is contributed by the chambers, which have a half time of emptying which depends 
upon the flow rate through the chambers. Each chamber has been shown to behave 
as a single well-mixed compartment:  with a volume (mucosal or serosal) of 2.24 ml 
and a pump rate of 7.6 ml/min, the half time of washout of the chamber is approximately 
12 sec. 

Since the chamber accounts for one of the exponentials in the fit to the data, the 
minimum number of tissue compartments is two. As shown previously, the equations 
for such a system can be solved for each of the rate coefficients shown for the simple 
model in Fig. 1, and for the amount of radioactivity in the pools at time t = 0. The com- 
puter program which we used (SAAM, developed by Berman, Shahn & Weiss, 1962) 
can also be used to simulate the model, and to study the number of possible configura- 
tions for a two-compartment tissue system. These connections include both series and 
parallel configurations and models including backflux from either or both chambers 
into the tissue compartment (Fig. 2). Extensive computations were carried out on four 
separate studies. In these studies, attempts were made to fit the data to models in which 
the two tissue compartments communicate. To do this, one of the additional rate 
coefficients (k21 or klz) was allowed to vary, while the other was set at a fixed multiple 
such that the ratio klz/k21 varied from 0.01 to 100. The reason for this is that the data 
cannot be fitted adequately when both of the extra parameters are allowed to vary 
without limit, since there then are too many independent variables to satisfy the data 

13" 
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Fig. 2. Series (a) and parallel (b) models with communication between compartments. 
Backflux from mucosal or serosal chambers into tissue compartments is not shown, 
but could be added. Each possibility was tested with the computer, i.e., models with 
and without backflux from either or both chambers, and with and without uni- or bi- 

directional communication between tissue compartments (1 and 2) 

(Berman et aL, 1962). It was found that the best fit occurred when there was no communica- 
tion (k12 = k21 = 0). The same was true when back flux from either or both compartments 
was permitted. Thus, as was the case with the Na kinetics previously described, a tissue 
system with two non-communicating compartments was the simplest model that would 
fit the data. 

Results 

Figs. 3 and 4 show the results of a typical washout  exper iment  on  a single 

bladder.  The data  are plot ted semilogarithmically against time, and  it is 

clear f rom inspection that  at least two exponentials  are required to describe 

the data.  Compute r  fits to two (Fig. 3) and  three (Fig. 4) exponentials  

are shown;  it is clear tha t  there are systematic deviations f ro m  the two- 

exponent ia l  fit, and that  the fit is far  bet ter  when three exponentials  are 

utilized. Al though the data  could, of course, also be fit to four  or more  

exponentials,  the addi t ional  pair  of coefficients and the addi t ional  exponent ia l  

t e rm could  no t  be determined with precision in any exper iment  1. The fastest 

of the three componen ts  is due to chamber  washout ,  as previously shown 

(Finn & Rockoff ,  1971). The two remaining exponentials,  namely  those 

related to the washout  of the tissue potassium, have exponential  terms 

of 0.286 +0.019 and 0.0375 +0.0019 rain-1,  or half times of 2.42 and 18.48 

1 The computer program determines the values of the parameters and indicates the error 
associated with each determination. In each experiment fit to three exponentials, all 
coefficients and exponentials were determined with a standard error of 15% or less. 
For four-exponential fits, the extra coefficients and exponential were never determined 
with an accuracy of less than 150%. 



Potassium Kinetics in Toad Bladder 193 

10 7 

10 6 

, o  I O  5 

x 
:::3 
d 

LLI 

10 4 

I 0  

K WASHOUT 
2 EXPONENTTAL FIT 

SEROSAL 

I0 r 

I0 s 

% 

o 

.10 5 

LL 
I.d 

o oo ~ 

MUCOSAL 

i0 4 

K WASHOUT 
3 EXPONENTIAL FIT 

$EROSAL 

MUCO$AL 

~ 

; ,o ,;  2'o is ~o '~ ; ,; ,; 2; 2; 3'o 
T I M E ,  MINUTES T I M E ,  MiNuTEs 

Fig. 3 Fig. 4 

Fig. 3. Two-exponential fit. Serosal (upper) and mucosal (lower) data (circles) are fit 
by the computer (solid line) to equations of the form: Serosal efflux = A 1 e -  =~ t + B1 e-  =2 t; 

Mucosal efflux = A2e -=It + B2e-=2 t 

Fig. 4. Three-exponential fit. The data points are from the same experiment as in Fig. 3. 
The equations are of the form: Serosal efflux = A1 e -  =1 t + B1 e-=2t + C1 e -=3t; Mucosal 

efflux = A2 e-=l t + Bze-=2~ + Cze-~3t 

min,  respectively.  F r o m  the computer  output  the values  for the initial p o o l s  

and  rate coeff ic ients  are determined by  using Eqs. (6) through  (13) of  F inn  

and R o c k o f f  (1971). T o  determine the unidirect ional  f luxes and the K 

content  of  each  c o m p a r t m e n t ,  we  a s sume  first, that a steady state for  tracer 
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has been reached in each of the compartments at the start of the washout. 
Conventions and definitions are as follows: 

Jij =flux into compartment i from compartment j,  rtEquiv x m i n - l x  
100 mg dry wt- 1 ; 

Ai =total potassium in compartment i, ~tEquiv x 100 mg dry wt-1; 
Pi = total radioactivity in compartment i, cpm; 
p* = specific activity in compartment i, cpm/rtEquiv. 

By reasoning similar to that previously described, it can be shown that 

J1 sP~ = P1 (ks 1 + k~ 1) 

Following achievement of the steady state, tracer washout begins. 
Assuming that Pi(t) are continuous functions and, in particular, are con- 
tinuous at time t=0,  and that tracer flux from serosal compartment to 
tissue is negligible during washout, these equations may be solved for Jls 
and J2s at t = 0  since p* is known and P~(0) and the rate coefficients can be 
calculated from the washout data. We now make the additional following 
assumptions: (1) a steady state for total K exists, and (2) there is no net 
movement of K across the short-circuited toad bladder. These assumptions 
imply that the unidirectional fluxes at both the serosal and mucosal borders 
of each compartment are equal to one another (J~J=Ji~). From the rela- 
tionship that J~j =ki jAj  we can now calculate As and As from the measured 
fluxes and rate coefficients. From these values, and the rate coefficients 
kM~ and k~2, the fluxes at the mucosal border may be determined. 

Calculated Results 

Results of all control experiments to date are tabulated in Fig. 5. Con- 
ditions employed to test the model will be shown in greater detail below; 
however, since in all experiments a control K washout was performed 
in conjunction with an experimental manipulation, the summary of all 
control experiments is shown in the figure. For comparison, similar data 
have been compiled for the Na transport pool, as previously determined 
(Finn, 1971 ; Finn & Rockoff, 1971), and are shown in Fig. 6. It is immedi- 
ately clear that the sum of the two K pools is about equal to the Na pool. 
This was a surprising result since it is known from previous data (Finn, 1968) 
that total K in the non-inulin space of toad bladders is considerably higher 
than that of Na, in common with many other transporting epithelia. Further- 
more, the K in these two compartments represents only about 45 % of the 
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Fig. 5. Summary of control experiments. Fluxes (Jij) are given in pEquiv x min 1 • 
100 mg dry wt -1, rate coefficients (kij) in min -1, and pool contents (the numbers 
in the large boxes labelled 1 and 2) in pEquiv x 100 mg dry wt-1. All values are given 

as means q-_ SEM 
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Fig. 6. Summary of data from Na experiments (Finn, 1971; Finn & Rockoff, 1971). 
In this case, the unidirectional fluxes at each border are not equal, since there is considerable 

net transepithelial Na movement 

total K directly measured in whole tissue by flame photometry (Finn, 1968; 

Essig & Leaf, 1962). Although it has been shown in frog skin that virtually 
all of the K of the tissue is exchangeable with a single time constant (Curran 

&Cereijido, 1965), existing data for toad bladder suggest that in fact 
only a small portion of the total tissue K is exchangeable (Essig & Leaf, 
1962; Kallus & Vanatta, 1970). Nonetheless, to be certain that this large 

fraction of tissue K which is not accounted for in these two compartments 
was not lost during the 1 min of rapid wash (when all effluent is discarded), 
the following experiments were performed: 



196 A . L .  Finn and H. Nellans:  

35 

O 3 O  o 
x 

I--- 

020 
,o, 
a-  
m 15 

.~  l0 ~ 

o3 

Q 

g 

a 

| 

ib ~o ~o ~o ~o io 
TIME [ MINUTES ) 

Fig. 7. Buildup of K 42. Each point represents a separate bladder sac whose serosal 
surface has been exposed to K 42 Ringer's for the time shown on the abscissa 

Bladder sacs were attached to glass cannulae, serosal side out, in beakers 

of Ringer's containing K ~2, for periods of time from 5 sec to 60 min. The 
bladder was then removed, drained, blotted, placed in a test tube and counted. 
The bladder K was extracted in nitric acid and subsequently measured by 
flame photometry. Tissue/medium specific activity ratios were then cal- 
culated and plotted as a function of time, as shown in Fig. 7. It is clear that 
only a part of tissue K has exchanged even at 1 hr. Considering the differ- 
ence in the technique employed, these findings are consistent with those 
described for the washout experiments. Thus, it seems evident from tracer 
build-up experiments that there is no rapid compartment of K which was 
lost in washout experiments during the first minute of rapid wash. Rather, 
one must conclude that the bulk of tissue K, which is not accounted for in 
the washout experiments, must be contained in a much slower compartment. 
Carrying the washout experiments for another 30 rain did not allow distinc- 
tion of a fourth component by the computer, nor did extending the loading 
period to 2 hr. Hence the bulk of tissue K is contained either in a non- 
exchangeable compartment or in one with extremely slow exchange rates. 

As shown in Fig. 5, both K compartments display marked differences 
between serosal and mucosal permeabilities to K, with the fluxes and rate 
coefficient on the serosal side being some 30 times more than on the mucosal. 
These data are, of course, consistent with electrophysiological evidence 
that the serosal border of the toad bladder is relatively K permselective 
(Gatzy & Clarkson, 1965; Leb, Hoshiko & Lindley, 1965). 
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Of the two compartments, it seems likely that the smaller one is involved 
in the Na-K transport system since the half time of 2.42 min for the compart- 

ment is quite close to that for the Na transport pool (2.2 min). It seems quite 
unlikely that a compartment which turns over with a half time of 18.5 min 
would exchange with a much faster Na compartment. 

To obtain further evidence as to which of the K compartments is in- 

volved in the postulated Na exchange mechanism, a series of experiments 
was performed to observe variations in kinetics under different conditions. 

Since transepithelial Na transport requires the presence of Na in the 
mucosal medium, removal of Na should lead to a decrease in K movement 
at the serosal border if there is a Na-K linked pump. In each experiment 

to be described, then, a control washout was performed either before or 
after a washout was done in the absence of Na in the mucosal medium. 
In the latter experiments, choline (recrystallized from 95 % ethanol) was 
substituted on a mole-for-mole basis for Na, and the Na-free medium was 
present for a minimum of 60 min before the washout was started. The results 
of these experiments are shown in Table 1. Na removal resulted in a decrease 
in the K fluxes at the serosal border of the fast compartment in every case. 
The size of the fast compartment, At, was not significantly altered (the 
difference shown was largely due to a single experiment, in which the control 
A1 was 11.28; if this is excluded, the mean falls to 1.90+0.24; in any 
case, inclusion of this experiment does not alter the statistical evaluation 
or the conclusions), nor were any of the other parameters involving this 
compartment. Furthermore, the removal of Na had no effect on the kinetics 

of the slow compartment. These data are compatible with the operation 
of a Na-K linked pump, but do not serve to establish any stoichiometric 
relationship between the two, since Na and K fluxes were not measured 
simultaneously. 

To characterize the system further, the effect of vasopressin on the K 
fluxes was next determined. Since it is known that vasopressin stimulates 
Na transport by a mechanism which involves both an increase in entry 
across the mucosal side (Civan, Kedem & Leaf, 1966; Civan & Frazier, 
1968; Finn, 1971) and a direct stimulation of the Na pump at the serosal 
border (Morel & Bastide, 1965; Finn, 1968, 1971), it was postulated that 
this hormone might be expected to increase K entry at the serosal border 
if there is in fact a Na-K linked pump. Accordingly, experiments were 
performed to test this. In half of the experiments the control washout was 
performed before the vasopressin study, and in half, the experiments were 
done in the opposite order. For the vasopressin experiments, K 42 was added 
to the serosal chamber in the usual way, and vasopressin (Pitressin, Parke- 



198 A . L .  F inn  and  H.  Net lans:  

II 

~  

0 

0 

0 

o 

O 
o 

d o d  
+1+1+1 

d d N  

d d ~  
+1+I+1 

d 

+I+I+1 

+1+1+1 

V 

-H -H +1 

I 

e, 

O O O  

+1 -H -I-I 

p:,p,~ 

I 

O O O  q q ~ .  
O O O  

-H -H -H 

O O O  

+1 +1 -t-I 

O , ' ~ O  

-H +1 -H 

I 

-H -H-H 

O 
O 

II 

~  

I 
..= 

.u 

O 
o 

II 

~  

I 

O 
O 

X 

T 

X , d  

II 

+1 Z 

0,J e j  

X 



Potassmm Kinetics in Toad Bladder 199 

Davis; final concentration 50 mU/ml) was added 30 to 45 rain later. Washout 
was performed 30 to 60 rain after this, at a time when the hormone-induced 
rise in short-circuit current was maximal. All experiments in this series 
were performed with a Na-free serosal medium, since under these conditions 
the response to vasopressin is greatly prolonged (Finn, 1971). Choline is 
used as a substitute for Na, and this change has no effect on K kinetics. 

Results are given in Table 2. Again, it should be noted that changes are 
restricted to the faster of the two compartments. In each of the eight studies, 
there was an increase in serosal K fluxes and in the size of the pool. There 
was no significant change in the fluxes or rate constants at the mucosal side. 

Discussion 

The experiments described above indicate that there are two exchange- 
able K pools in the toad bladder; together, they account for a total of some 
45 % of total tissue K. The rest of the K is contained in a much slower 
pool which, because of its relative non-exchangeability, is almost certainly 
not involved in any Na-K exchange pump involved in transepithelial Na 
transport. Of the two pools described here, it seems quite likely that the faster 
of them represents that component of K which is involved in the Na-K 
transport system. One reason for this is that the half time for this compart- 
ment is quite close to that for the Na transport compartment previously 
described (Finn & Rockoff, 1971). 

Although the data in Table 1 indicate strongly that there is a Na-K 
linkage, it is of interest to know the stoichiometry of this process. Essig 
and Leaf (1962) have suggested that the Na-K coupling ratio is considerably 
greater than unity in the toad bladder; however, their flux measurements 
were indirect, and there is no way to determine which K compartment was 
involved. Recently, Biber et aL (1971) have shown in frog skin that the ratio 
is about 3. However, as stated above, frog skin K behaves as though it is 
contained within a single compartment, so that its kinetics might not be 
expected to be similar to those in toad bladder. 

The only entirely satisfactory way to measure the coupling ratio is to 
measure both Na and K kinetics simultaneously. Several attempts were 
made to do this, but the experiments were technically difficult. Another 
way of arriving at a coupling ratio would be to compare K influx or efflux 
at the serosal border with the net Na transport rate. On the average, net 
Na flux was found to be some 70 % of the simultaneously measured uni- 
directional efflux at the serosal border, dsl (Finn & Rockoff, 1971). For the 
present studies, we can plot net Na flux (from the short-circuit current) 
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Fig. 8. Relationship between K and Na fluxes. The abscissa is the net transepithelial 
sodium flux calculated from the short-circuit current during the washout of K 42. The 
ordinate is the unidirectional K flux at the serosal border. Each point is from a separate 

control experiment. The line is that expected for equality of the two fluxes 

against the K flux; such a plot is shown in Fig. 8. The solid line is the line 
expected for Jgl--J~], and the data, despite considerable scatter, suggest 
a Na :K  ratio of near unity (even if one corrects the abscissa for the differ- 
ence between SCC and unidirectional Na flux). The mean ratio J~gt/Js~ 
is equal to 1.02 _+ 0.18. On the other hand, if one compares the unidirectional 
serosal efflux from the slow pool with the short-circuit current, the ratio 
is 2.55 +0.32. 

Another way to evaluate the two-compartment tissue model is to 
compare the calculated transepithelial flux with that measured directly. 
The flux may be calculated from the unidirectional fluxes at the cell borders 
(Finn & Rockoff, 1971 ; Ussing & Zerahn, 1951) from the relation 

J ~  J~s 
JM S = JM I + J s  1 

The flux may be measured directly by collecting timed samples from the 
mucosal chamber just prior to beginning the washout. 

In eleven such experiments, the calculated serosa-to-mucosa flux, 
JMs, was 0 .0326+0.0089~tEquiv•215 dry v~t -~, while the 
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measured flux was 0.0256+0.0054. These values were not statistically 
different (A =0.0070+0.0062, p>0.5).  When the same calculations are 
made by utilizing the slow compartment fluxes, a value less than one-half 
of the measured fluxes is obtained (0.0108 +0.0030, A = -0.0149 +0.0035, 
p <0.01). Although these data do not prove conclusively that compartment 
1 is the transport K pool (since neither the role nor the pathway of trans- 
epithelial K movement is known), they do add some weight to the argument. 

A further suggestion that the fast compartment is the compartment 
involved in Na-K exchange comes from the data in Tables 1 and 2, where the 
only changes seen are in that compartment. In the experiments in which 
Na transport was stopped by the removal of Na from the medium, there was 
a decrease in ds~l of 0 .459+0 .145r tEqu ivxmin- l •  dry wt -1 
From the data previously published (Finn & Rockoff, 1971), Na pump 
flux in control experiments was 0.259 _+ 0.065. Considering that these values 
were obtained in different preparations, the possibility that at least some 
of the K flux may be through a pathway other than Na-K exchange, and 
assuming that the Na pump flux falls to zero when Na is removed from 
the medium, the values at least are of similar magnitude; they do not suggest 
a N a : K  ratio that is greater than unity. 

Furthermore, the increase in the unidirectional Na pump flux following 
ADH is of the same order as the increase in K fluxes shown in Table 2. 
The sodium data can be calculated from Finn (1971), and suggest an 
approximately fourfold increase in Na J~ 1, or an absolute increase of about 
0.75 rtEquiv x rain- 1 x 100 mg dry wt- 1 a value not far from the observed 
increase in J~l of 0.50 shown here. Thus the data presented in this paper 
strongly suggest the following: (1) K fluxes at the inside and outside border 
of the toad bladder may be measured; (2) the inside border is far more 
permeable to K than is the outside, as indicated previously by electro- 
physiological data; (3) there are two K compartments which exchange 
with the serosal medium; these comprise only about 45 % of total tissue K; 
(4) although there are two compartments, only one of them seems to be 
related to Na transport, since only this compartment is affected by removal 
of Na or by the addition of vasopressin; (5) available evidence is consistent 
with the operation of a 1:1 linked Na :K  pump at the serosal border, 
though it is not yet possible to determine the stoiehiometry of the linkage 
accurately. 
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