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Summary. In this paper we employ the data described in the 
previous paper (I) to derive the current-voltage ( I -V)  relations 
of the basolateral membrane, the amiloride-insensitive "leak" 
pathway across the apical membrane, and the parallel pathways 
across rabbit descending colon. The results indicate that: 

a) The resistance of the basolateral membrane is independent 
of the electrical potential difference across that barrier over the 
range - 8  to 67 mV and averaged 195 ~cm 2. The electromotive 
force across this barrier averaged 50 mV under control conditions 
and 48 mV in the presence of amiloride. The origin of this differ- 
ence is discussed. 

b) The resistance of the parallel pathways averaged 351 f2cm 2 
and was independent of the transepithelial electrical potential 
difference over the range -170 to +90mV. The conductance 
of these pathways can be reasonably well accounted for by the 
partial ionic conductances of Na, K and C1 reported previously. 

c) The resistance of the amiloride-insensitive pathway across 
the apical membrane averaged 1667 f2cm 2 and the electromotive 
force across this pathway averaged -51 inV. These values are in 
excellent agreement with those determined by others. The ionic 
nature of this "leak" pathway remains to be elucidated. 
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Introduction 

In  the preceding  pape r  (Thompson ,  Suzuki  & 
Schultz,  1982), a m e t h o d  was descr ibed  for de[ermin-  
ing the " i n s t a n t a n e o u s "  1 -  V re la t ions  o f  r abb i t  de- 

scending  colon  employ ing  t ransep i the l ia l  and  in t ra-  
cel lular  measurements .  The da t a  were in te rpre ted  em- 
p loy ing  an equivalent  electr ical  circuit  mode l  that  
includes an  ami lor ide- insens i t ive  conduc tance  pa th-  
way  across the apical  m e m b r a n e  in para l le l  with the 
ami lor ide-sens i t ive  N a  ent ry  mechanism.  The  I - V  
re la t ion  of the ami lor ide-sens i t ive  N a  ent ry  pa thw a y  
across  the apica l  m e m b r a n e  was der ived and  was 
shown to conform closely with the G o l d m a n - H o d g -  
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k i n - K a t z  constant - f ie ld  flux equa t ion  over  a wide 
range. 

In  this pape r  (II), we extend this analysis  to 
cover  the I - V  re la t ions  o f  the baso la te ra l  mem-  

brane,  the ami lor ide- insens i t ive  apical  " l e a k "  pa th-  
way, and  the " l u m p e d "  conduct ive  pa thways  in par-  
allel with the ami lor ide-sens i t ive  cells ("para l le l  
pa thways") ,  thereby  p rov id ing  a comple te  descrip-  
t ion of the e lec t rophys io logica l  p roper t i e s  of  the bar-  
riers to ion flow across this epi thel ium.  

In addi t ion ,  we p rov ide  evidence suppor t ing  the 
a s sumpt ions  employed  in the previous  p a p e r  to de- 
rive the N a  current  across the apical  m e m b r a n e  (I~a) 
as a funct ion of the t r ansap ica l  electr ical  po ten t ia l  
difference (~bmc). 

Materials and Methods 

The methods employed are described in detail in the preceding 
paper (Thompson et al., 1982) which will be henceforth referred 
to as (I). Data reduction and display were carried out using a 
minicomputer (LSI 11/03, Digital Equipment Corp.) which in- 
terfaced with a graphics terminal (Hewlett Packard 2647A) and a 
four-pen X - Y  plotter (Hewlett Packard 9872A). The notation 
and definitions that will be employed are given in (I). 

Results and Interpretation 

The I -  V Relation of  the Basolateral Membrane. 

The I - V  re la t ion  of  the baso la te ra l  m e m b r a n e  was 
ob ta ined  using the fol lowing a p p r o a c h :  

The  to ta l  cur rent  across the tissue at  any  value 
of  Ores, (ImS)~,m,, iS the sum of  a para l le l  pa thways  
current ,  I p and a t ransce l lu lar  current ,  I e. Assuming  
that  ami lo r ide  does no t  affect R p (or r p) within  the 
t ime-f rame of  these studies, (AImS)om,=(I c - U )  
=(AIC)0~.  Jus t i f ica t ion for this a s sumpt ion  was p ro-  
v ided in the previous  paper .  Now,  accord ing  to the 
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Fig. 1. zlI~*=(I=~-t ' ' ') obtained from Fig. of(I) is plotted as a 
function of AO~=(O~*-O ~s') obtained from Fig. 6 of (I) where 
each parameter is determined at the same t# ~'* 

equivalent electrical circuit model illustrated in 
Fig. 7 of (I) 

I~-_C,-sE~-Gsr (1) 

and 

i~'=O~' Es'-Os',l, -'. (2) 

At this point we make the assumption that amil- 
oride does not affect the conductance of the basola- 
teral membrane within 60-90sec after introducing 
this agent into the mucosal solution, so that G*= G*' 
at each ~'*. l i t  should be noted that this assump- 
tion implicitly assumes that the I -  V relation of the 
basolateral membrane is linear over the range 
- 2 0 0 m V < ~ m ~ < l l 0 m V  since ~ s ~ '  in this 
range (Fig. 6 of (I)).] Subtracting Eq. (2) from 
Eq. (1) we obtain 

(AI  ~ ) = ( A I  ''s) = GS(AE ~ ) - GS(At)~*). (3) 

The data given in Figs. 3 and 6 of (I) provide us 
with the values of (AF)  and (A0 r at each value of 
~"~; it is important to note that these are actually 
measured parameters and are not dependent on the 
above assumption. The values of (zl F) and (A ~ )  are 
plotted against each other in Fig. 1. Starting at the 
upper left and proceeding to the lower right these 
data points correspond to an ascending order of O '~ 
from - 2 0 0  to + 200 mV in 10-mV increments. The 
relation between (AV)  and (AO ~) for this experiment 
is linear over a wide range of zlO ~s, and for all 
eight experiments the relation was linear over the 
range corresponding to - 1 4 0 < O m ~ < l l 0 m V  or 
- 8 mV <_- Ocs < 67 inV. This finding strongly supports 
the notion that G ~, given by the negative slope of the 
line, is independent of ~ s  and qr over a wide range 

and is not affected by amiloride. The average value 
of G s for all eight experiments was 5.3 + 0.4 mS/cm 2, 
corresponding to a value of R ~= 195 f~cm 2. This val- 
ue is in reasonable agreement with those reported 
earlier for this epithelium by Schultz, Frizzell and 
Nellans (1977) and Wills, Lewis and Eaton (1979b) 
of 100 and 160 f~cm 2, respectively. 

Two other points should be noted. First, accord- 
ing to Eq. (3), the nonzero intercept on the abscissa 
is a measure of A E  ~ which averaged - 1.8_+0.8 mV; 
the significance of this finding will be discussed be- 
low. Second, the departure from linearity seen in 
Fig. 1 when A F < O  was a consistent finding and 
occurs when qjm~ exceeds 110 mV which corresponds 
to a value of ~c'~ > 55 mV. 

With G ~ and A E s determined, then knowing one 
value of I ~, E ~ can be calculated using Eq. (1) and E s' 
is then given by E~+ A EL Clearly, when the tissue is 
short-circuited, I m~ is entirely transcellular (i.e., P' 
=0) so that Is~=oIL Inserting the value of Iso and 
the corresponding value of ol//~ into Eq. (1) we ob- 
tain EL The average value of E s in all eight experi- 
ments was 50_+ 1 mV which is in reasonable agree- 
ment with the value of 57mV reported by Wills 
et al. (1979b). E ~' averaged 48_+ 1 mV in good agree- 
ment with the value of 53 mV estimated by Schultz 
et al. (1977). Finally, as discussed below and by 
Schultz et al. (1977), since under short-circuit con- 
ditions in the presence of amiloride, I c' ~ 0  it follows 
from Eq.(2) that E*'~o~# C*'. The value of o~# ~s' in 
these experiments averaged 49_+1 mV, in excellent 
agreement with the value of E *' determined, inde- 
pendently, from the graphic analysis described 
above. Thus, the interpretation of these data yields a 
self-consistent set of values that are also in good 
agreement with values previously reported for this 
tissue. 

Finally, it should be recalled that one of the 
assumptions necessary to derive an expression for 
I ~  (Eq. (1) of (I)) is that G ~ and E * are not affected by 
amiloride. The data illustrated in Fig. 1 are con- 
sistent with the notion that G s is not affected by 
amiloride and that, while E ~ is reduced by amiloride, 
the reduction is less than 5 ~o. 

The I -  V Rela t ions  o f  the Transcellular Currents  
(I c and I c') 

Knowing G ~, E s and E s', the transcellular currents 
under control conditions (I c) and in the presence of 
amiloride (It') can be calculated at every value of ~cs 
and qc~, over the range in which the relation be- 
tween ztI c and A~ cs is linear using Eqs. (1) and (2). 
Further, since the corresponding values of ~mc and 
6 me' are known, it is a simple matter to construct 
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Fig. 2. I - V  relations of the apical membrane. The cellular com- 
ponent (F) of the transepithelial current is plotted as a function of 
(F '~ in the absence (o) and in the presence of amiloride (v), See 
the Appendix for the meaning of the lines connecting points 
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the I - V  relations of the apical membrane under 
control conditions and in the presence of amiloride; 
the former represents the combined I -  V relation of 
the amiloride-sensitive and amiloride-insensitive 
pathways, whereas the latter represents the I - V  re- 
lation of the amiloride-insensitive pathway alone. 
Such a plot is illustrated in Fig. 2. 

There are several points worthy of note: 
a) The I -  V relation of the amiloride-insensitive 

leak pathway across the apical membrane (U vs. 
~"~') appears to be nearly linear over the range 
- 1 3 0 m V < O ~ r  and the value of G~' (=g~) 
over this range for all experiments averaged 0.60 
+0.01 mS/cm 2 (i.e., R~=1667f~cm:). The value of 
E~ (i.e., the value of ~,~" when U = 0 )  was quite 
variable and averaged -51_+9 mV; this value is in 
reasonable agreement with the value of - 5 7 m V  
estimated by Wills et al. (1979b) using a very dif- 
ferent approach. The significance of this finding will 
be discussed below. 

b) The I - V  relation for the total transcellular 
current under control conditions (U vs. ~t '~) is de- 
cidedly curvilinear over most of the range. The value 
of O "~ at which I c = 0 (i.e., E '~) averaged - 6 _+ 8 inV. 
The average slope conductance of the apicaI mem- 
brane under short-circuit conditions (i.e., when O,,c 
=0~ "c) was 1.62mS/cm 2, corresponding to a value 
of r~=636~cm 2. This value is in excellent agree- 
ment with that of 644 f~cm 2 reported by Wills et al. 
(1979b). 

Finally, it should be readily appreciated that if 
E m is not significantly affected by amiloride the val- 
ue of I~, at any value of O "r is given by 

m c c '  (1N.)~,,.~ = (I - I )o~ (4) 
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Fig. 3. 1 -  V relation of the parallel pathways. I p (o) is calculated 
from ( I P ) ~ = ( I  . . . .  Ir and is plotted as a function of tp"E The 
other points represent the parallel currents due to Na (+) .  
K ( • ) and CI (.) determined from the data of Frizzell et ah (1976). 
The solid line is the sum of these ionic currents 

and thus can be determined directly (graphically) 
from the data illustrated in Fig. 2; a formal de- 
rivation of Eq. (4) is given in the Appendix. Further, 
as also shown in the Appendix, the relation 

I na ( N O o ~ = ( ~ r ~ ) / f ' = ( ~ r ) / f  ' (5) 

which was derived from the equivalent electrical cir- 
cuit model illustrated in Fig. 7 of (I) can be derived 
graphically from Fig. 2 over the range 
- 1 3 0 m V < O m c < + 3 0 m V  where the relation be- 
tween U' and Omc is linear (i.e., R~' is independent of 
~,~ 

The I -  V Relation of  the Parallel Pathways 

Inasmuch as (/P)0,.s iS given by (Ims--IC)o .... the re- 
lation between I p and O,,s can be readily determined 
from the data given in Fig. 2 and Figs. 3 and 6 of (I). 
Clearly, this is permissible only over the range of 
values of O,ns for which I c may be calculated (i.e., the 
range of Ores where the relation between (AIO and 
(A~ ,c~) is linear). A typical result is illustrated in 
Fig. 3; clearly the I -  V relation of the parallel path- 
ways is nearly linear over the range 
- 180 mV < Ores < 100 inV. It should be emphasized 
that while we have assumed, on reasonably strong 
grounds, that R p is not affected by amiloride, we 
have not assumed that it is independent of ~'~ (i.e., 
Ohmic). As will be discussed below, the finding of a 
linear relation between I p and ~,'~ adds considerable 
support to the approach we have taken toward the 
interpretation of the experimental ("raw") data. 

In these experiments R p averaged 351~1cm 2, in 
excellent agreement with the value of 345f2cm 2 re- 



58 

ported by Schultz etat. (1977). Wills etal. (1979b) 
reported a value of 498 f~cm2; this difference may be 
due to differences in "edge damage." 

Discussion 

In the preceding section we analyzed the I - V  re- 
lations of the basolateral membrane, apical leak 
pathway, and the parallel (shunt) pathway in that 
order; this order was dictated by the order of data 
reduction. In this section we consider each of these 
barriers in turn, in the reverse order. 

The Parallel Pathways 

The I - V  relation of the parallel pathways was ob- 
tained by subtracting F, the calculated cellular com- 
ponent of I m~, from the total transepithelial current 
(I ~s) at each ~ms, where the calculation of Y was 
based on the specific assumptions that R v = R  p' and 
R~=R ~' at each Om~. Thus the I - V  relation of the 
parallel pathways derived from these data is criti- 
cally dependent on the validity of the assumptions 
and as such may be used to evaluate them. As 
illustrated in Fig. 3 the calculated I - V  relation of 
the parallel pathways is nearly linear over a wide 
range. Unfortunately, this I - V  relation could not 
be extended to values of ~ >  100 mV because the 
calculation of I p, as described above, is only valid 
over the range where the plot of A Y  vs. A O ~ is 
linear. 

Frizzell, Koch and Schultz (1976) estimated the 
partial ionic conductances (Gf) of the parallel 
pathway to Na, K and C1 from the relations be- 
tween the unidirectional fluxes of these ions from 
the serosat solution to the mucosal solution (mea- 
sured using tracers) and ~ over the range _+ 50 mV, 
assuming that these flows are, for the most part, 
restricted to that route. Their results indicated that 
Gf is independent of ~"~ over that range. Using 
the values of Gf reported by those investigators, the 
parallel ionic currents (If) attributable to the flow 
of each of these ions can be calculated at any value 
of Om~ from the relation 

I~ = Gf q/~. (6) 

In Fig. 3 the values of I~,(+), I~1(') and I~(x), 
calculated using Eq. (6) and the values for Gf given 
by Frizzell et al. (1976) are plotted as a function of 
O'n~. The solid line is the sum of these currents and 
provides a reasonable fit to the derived relation be- 
tween I v (= ZIf) and ~'~. This finding provides addi- 
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tional independent support to our approach toward 
data reduction. 

The Amiloride-Insensitive Apical "Leak" Pathway 

As discussed in (I), the inclusion of a "natural" 
amiloride-insensitive conductive pathway in the api- 
cal membrane was prompted by the finding that f '  
was significantly less than unity and that this could 
not be attributed to impalement damage of the api- 
cal membrane. The presence of such a pathway has 
been reported previously for rabbit urinary bladder 
(Lewis, Eaton & Diamond, 1976; Lewis, Eaton, 
Clausen & Diamond, 1977) and colon (Wills et al., 
1979b) and for toad (Navarte & Finn, 1980; Palmer, 
Edelman & Lindemann, 1980) and Necturus 
(Fr6mter & Gebler, 1977) urinary bladder. 

At present we cannot draw any firm conclusions 
regarding the ion(s) responsible for this conductive 
pathway. The polarity of E~' is consistent with an 
anion distribution where the cell activity is lower 
than that in the mucosal solution (e.g., C1) and/or a 
cation distribution where the cell activity is higher 
than that in the mucosal solution (e.g., K). Navarte 
and Finn (1980) have concluded that the leak con- 
ductance in the apical membrane of toad urinary 
bladder is anionic. Fromm and Schultz (1981) have 
recently summarized the evidence against a signifi- 
cant K permeability of the apical membrane in rab- 
bit colon. 1 One striking observation is that, unlike 
the values of E~a and E s, E~ was very variable. This 
suggests that E~' is the lumped Th6venin equivalent 
of a number of ions across the apical membrane and 
probably includes some variable contribution from 
E~a inasmuch as the effect of amiloride may be 
incomplete. 

The value of E~ averaged - 51 mV in reasonable 
agreement with the value of -57  mV reported by 
Wills etal. (1976b). The value of G~' averaged 
0.6 mS/cm 2 identical to that reported by Wills et al. 
(1979b). Since under short-circuit conditions 0O me 
averaged - 39 mV, the value of o~i~m _-- "~i~m~Em~ i - -  o'r~l~mq 

is only - 7  gA/cm 2 or -0.26 ~tEq/cm 2 hr. These val- 
ues are approximately one-tenth the value of I~ or 
the rate of active Na transport by the tissue. 

1 Wills and Biagi (1980) have observed K secretion by short- 
circuited rabbit colon indicating that  the permeability of the 
apical membrane  of this epithelium to K may vary under dif- 
ferent conditions. To examine the possibility that an apical K 
conductance is responsible for or contributes to G~, several ex- 
periments were carried out to determine the effect of (K)m on ~,,c 
The results indicated that raising (K)m from 4.2 to 5 4 m ~  by 
replacement of choline at constant  [Na]  m had no significant effect 
on 0me; these findings are consistent with the notion that under 
the conditions of these studies G~ is negligible. 
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Fig. 4. The conductance of the basolateral membrane (G ~) is 
plotted against the spontaneous rate of Na transport (01~) ob- 
tained under steady-state short-circuit conditions 

The Properties of the BasolateraI Membrane 

The data illustrated in Fig. 1 are consistent with the 
notion that G ~ is independent of Ocs over the range 
- 8 mV < ~ <  ~ 55 mV and averaged 5.3 mS/cm 2. 
Wills, Eaton, Lewis and Ifshin (1979a) examined the 
I - V  relations of this barrier after "functionally" 
eliminating the apical membrane with nystatin; the 
mucosal solution was a K2SO4-saline designed to 
mimic the intracellular K activity. They reported 
that the I - V  relation could be fit by the constant- 
field equation involving finite permeabilities to K, 
Na and C1; the "reversal potential" (the value of O~s 
when IS=0) was found to be 50inV. Figure 1 of  
their paper indicates that the I - V  relation of this 
barrier is essentially linear over the range 
+ 6 0 > ~ ' > 0  (no data are presented for the range 
~ < 0  but, if the relation continues to conform to 
the G H K  equation, it must remain nearly linear). 
A significant departure from linearity was observed 
only when ~ >  +60 inV. Thus the present results 
are consistent with the findings of Wills etal.  
(1979a). 

In these experiments, E ~ averaged 50 mV and fell 
to 48 mV in the presence of amiloride. It is difficult 
at present to interpret these findings. Evidence has 
been presented that the Na-K exchange pump at the 
basolateral membrane is rheogenic (Wills etal., 
1979b). If so, E ~ must be comprised of a contri- 
bution from the pump as well as the electromotive 
forces resulting from the asymmetric distribution of 
all permeant species across that barrier. The contri- 
bution from the pump may be estimated assuming a 
3Na :2K stoichiometry which appears to be the case 
for a number of nonepithelial cells (Glynn & Kar- 
lish, 1975); Nielsen (1979) has presented evidence for 

a 3Na :2K stoichiometry in frog skin and a similar 
stoichiometry has been suggested for rabbit urinary 
bladder (Lewis & Wills, 1981) and turtle colon 
(Kirk, Halm & Dawson, 1980). Given this assump- 
tion, the fact that the I~o in these studies averaged 

s 60 gA/cm 2 infers that the "pump current," I; ,  was 
20 gA/cm a. As discussed by Schultz (1980), the con- 
tribution of the pump current to E s is simply I ;R  s 
= 3.8 mV. In this respect it is of interest that in the 
presence of amiloride, E s declined by 2 inV. Howev- 
er, inasmuch as amiloride leads to a hyperpolariza- 
tion of the cell interior by approximately 10 mV, it 
is possible that this is accompanied by a redistri- 
bution of ions which would affect E s. Thus, although 
the finding that AES=2mV is in reasonable agree- 
ment with what would be expected from the elimina- 
tion of the pump current, this value could also be 
influenced by other factors. 

The finding reported in (I) that the basolateral 
membrane is depolarized and that R s is significantly 
reduced when the serosal solution contains 86 mM K 
(activity) is consistent with the notion that this barrier 
is predominantly K-selective as concluded by Wills 
et al. (1979a, b). The intracellular K activity in rabbit 
colon determined using K-selective microelectrodes 
is approximately 7 6 m g  (Wills etal., 1979b; M.E. 
Duffey and S.G. Schultz, unpublished observations). 
Thus, E ~ ( = ( R T / ~ )  In [(K)c/(K),]) =78 inV. This val- 
ue is significantly greater than the value of (E ~ -  AE ~) 
=48 mV, indicating that E~ must be "shunted" by 
other permeant ions; the full identity of these ions 
and their relative permeabilities remain to be estab- 
lished, z 

Finally, as discussed by Schultz (1981), for a 
number of epithelial tissues such as frog skin, Nec- 
turus urinary bladder (Fr6mter & Gebler, 1977) and 
Necturus small intestine (Gunter-Smith, Grasset & 
Schultz, 1982), there appears to be a direct relation 
between the rate of active Na transport and the 
conductance of the basolateral membrane (similar to 
that illustrated for the apical membrane in Fig. 11 of 
the preceding paper). In Fig. 4, G ~ is plotted vs. oI~a 
for all eight experiments on rabbit colon. Clearly, in 
this tissue G S is independent of the rate of Na trans- 
port, Ot~a; similar results have been reported for 
rabbit urinary bladder (Lewis et al., 1976). This find- 
ing is consistent with the notion that over the four- 
fold range of spontaneous variation in I~o the basola- 

z In their experiments on nystatin-treated segments of rabbit 
descending colon, Wills et al. (1979b) assumed that the basolateral 
membrane is only permeable to Na, K and C1 and estimated the 
permeabilities to these ions from the best fit of the constant-field 
flux equation to the experimental data. The ranges of their es- 
timates (in our notation) are: Pr~=1.4-11.6 x 10 .5 cm/sec; P~a/P~ 
=0.05-0.09 and PUP~=O.OI-O.06. 
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Fig. 5. Electrical equivalent circuit model for rabbit colon. The 
R's are the chord resistances and the E's are the reversal poten- 
tials for each pathway when the tissue is under steady-state short- 
circuit conditions 

teral pump behaves like a constant current source 
whose activity does not contribute to G ~. However, 
clearly, additional studies are needed to clarify the 
electrophysiologic behavior of the pump and its con- 
tribution to R ~ and E ~. 

Equivalent Electrical Circuit Model of Rabbit Colon 

In this series of papers (I and II) we have developed 
an analysis of I-V relations in rabbit descending 
colon based on the equivalent electrical circuit model 
shown in Fig. 7 of (I). In Fig. 5 we again illus- 
trate this model and include the mean values we 
have determined for each parameter under short- 
circuit conditions. Clearly the circuit in Fig. 5 is not 
the only possible choice for an equivalent electrical 
circuit model; rather, it is the simplest circuit model 
consistent with our data. Alternative models have 
been proposed by Wills et al. (1979b) which include 
additional amiloride-insensitive components in paral- 
lel with the above model. Analysis of our data in 
terms of the more complex circuit models would 
require additional measurements and assumptions. 
However, it is important to note that the I - V  re- 
lation of the apical Na entry pathway would remain 
unchanged as would the value we determine for R ~ 
of the Na-transporting cells. 

This investigation was supported by research grants from the 
N I H - N I A M D D  (AM-26690) and the Wechsler Research Foun- 
dation. 

Appendix  

The I -  V relation of the amiloride-sensitive Na entry step, I ~  vs. 
0 "~ (Fig. 8 of (I)) as well as Eq. (1) of (I) may be determined 
directly by graphical analysis of Fig. 2. Referring to Fig. 7 of (I) 
the following relations describe I~, and I~" at any given value of 

tL = 6L(eL - 0 ~) (a 11 

m m m m c  I~ . -G  i (E i - t ~  ) (A2) 

so that 

i c _  m m _ _  ,~ m m E , , ~  m . ,  mc - - IN~+Ii  --GNaEN~+GI I - ( G N a + G I ) ~  �9 (A3) 

The transcellular current in the presence of amiloride, 1% at that 
value of 0 "c is given by: 

c ,  m l  _ _  m t  m t  m c  I =I~ - G  i (E i - 0  ). (A4) 

Thus, if E 7' and G~ are not affected by amiloride (i.e., E7 
m _ m ,  =ET'  and G~ -G~ ) it follows that:  

c c, _ m m m ,nc _ i m (I - I  )q,,,c-(GNaENa--GNa 0 )~,,,r Na),/,m~. (AS) 

Consequently, the relation I m 0 "~ Na VS. may be generated by plot- 
ting the difference ( F - F ' ) o ~ o  indicated by segment BD in Fig. 2 
against the corresponding value of 0'~q 

An analytic expression for I ~  may be obtained by consider- 
ing the segment AB which connects the values of P and F' 
calculated for the same value of 0m~; hence, the length liBel1 is 
~ d  l q  - ( A  Ims'~ j e ~ - t ~  ,o~,. Clearly, then, segment__JJ CDJl is the amount  by 
which the amiloride-blockable current (IIBDI]) exceeds the change 
in transepithelial current (IIBCI[). The magnitude [ICDb[ can be 
calculated from the length ]]ACI], which is (AO"~)o.,,, and the 

- -  m slope of AD, which over the linear range of F'  vs. 0 '~ is g~ = G~. 
Thus we may write 

I ~  = IIBC II + I[ CD I1 =(aI~%~ + g~(a 0m~),,,~. (A6) 
m c  Z~ c s  Further, since (A0)o , ,~  = - (  0 )q,~ we may write using Eq. 

(3) of (II) that 

m m s  m m s  s m E s IN~=(AI )0,,~+gl ( d I ) 0 , ~ j g  --g~ A . (A7) 

Since g~ and AE s are both small (see Results), the last term in Eq. 
(A7) may be reasonably neglected so that 

I m ~ i m~ '~ c,~ Na=( A )~,,,,*(1+ gl/o ) 
Ims , = (a  ) o ~ j f  (AS) 

where f ' =  1/(1 + - " / ~ '  gi g ,  is the fractional resistance in the presence 
of amiloride. 
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