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= Abstract=

Transepithelial transport of tetraethylammonium (TEA) was studied in monolayers of opossum
kidney cells cultured on permeable membrane filters. {“CJ-TEA was transported across the OK cell
monolayer from basolateral to apical side by a saturable process which can be stimulated by
acidification of the apical medium. The apparent Michaelis-Menten constant (K,) and the maximum
velocity(V,..,) for the transport were 41 yM and 147 pmole/ mg protein/ min, respectively. The
transport was significantly inhibited by unlabelled TEA, amiloride, cimetidine, choline, and mepi-
perphenidol added to the basolateral side at 1 mM and was slightly inhibited by 5 mM N'-
methykicotinamide (NMN). Unlabelled TEA added to the apical side stimulated the basolateral-to-
apical ['“C]-TEA transport, suggesting that the TEA self-exchange mechanism was involved at the
apical membrane. Sulfhydryl reagents such as p-chloromercuribenzoic acid (PCMB) and p-chloro-
mercuribenzene sulfonate (PCMBS) and carboxyl reagents such as N,N’-dicyclohexylcarbodiimide
(DCCD) and N-ethoxy-carbonyl-2-ethoxy-1,2-dihydro-quinoline(EEDQ) inhibited the TEA transport
at both the basolateral and apical membranes of the OK cell monolayer. These results suggest that
OK cell monolayers possess a vectorial transport system for organic cations which is similar to that
for organic cation secretion in the renal proximal tubule.
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INTRODUCTION

The use of cultured kidney epithelial cell lines has
offered advantages for the study of various renal
functions (Handler & Kreisberg, 1991). LLC-PK1
cells derived from pig kidney (Hull et al, 1976) have

been used for elucidating transport properties of the

* This work was supported by a grant from Korea Science &
Engineering Foundation(941-0700-017-1).

proximal tubule at the cellular level. Recently,
LLC-PK1 cells were found to have the ability to
transport organic cations such as TEA and NMN
(McKinney et al, 1988; Fouda et al, 1990; Saito et
al, 1992). These organic cations were transported by
the organic cation transport system from basolateral
to apical side across the LLC-PK1 cell monolayers,
which corresponds to the secretion in the renal
proximal tubules.

Opossum kidney (OK) cells, an established cell
line derived from the American opossum kidney
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(Koyama et al, 1978), also have many characteristics
of renal proximal tubule cells, including specific
transport systems for hexoses, amino acids, and
inorganic phosphate (Malmstrom et al, 1987; Van
den Bosch et al, 1989), as well as receptors for
parathyroid hormone (Teitelbaum & Strewler, 1984).
Recently, (Yuan et al, 1991) have demonstrated that
the apical membrane of OK cells possesses the
transport system for organic cations. However, the
characteristics of the system in relation to the known
H'/organic cation exchange in apical membrane and
electrically drived uptake in basolateral membrane is
not clearly defined yet.

Although the organic cation transport system of
the renal proximal tubule has been extensively
studied kinetically, little information is available on
its molecular structure. The structure of a transporter
may be defined only after its isolation and purifi-
cation. However, the use of group-specific modify-
ing reagents may provide insight into understanding
the chemical nature of a transporter. Several chemi-
cal groups including sulfhydryl (Sokol et al, 1986;
Hori et al, 1987) and carboxyl (Sokol et al, 1987,
Kim et al, 1993) groups have been proposed to be
associated with the organic cation transport system,
but the results are confined to the study in isolated
membrane vesicles.

In the present study, we cultured OK cells as
monolayers on permeable polycarbonate membrane
filters and determined the transepithelial TEA
transport and its modification by various organic
cations, and sulfhydryl and carboxyl group
modifying reagents. The results indicate that OK cell
monolayer posesses vectorial transport system for
organic cations which is similar to that for organic
cation secretion in the renal proximal tubule. It was
also indicated that sulfhydry! and carboxyl groups
are essential for the transport systems at both the

basolateral and apical membranes.

MATERIALS AND METHODS

Cell culture

OK cells obtained from the American Type Cul-
ture Collection (ATCC CRL-1840) were grown on
plastic dishes in Earle’s minimum essential medium
containing 10% fetal calf serum without antibiotics
in an atmosphere of 5% CO0:-95% air at 37C.
Subcultures were done every 6 days using 0.02%
EDTA and 0.05% trypsin. In this study, cells
between 60th and 85th passages were used.

Measurement of transepithelial TEA transport

OK cells were seeded on Transwell inserts
(Costar, Cambridge, MA) with tissue culture-treated
polycarbonate membrane filters (0.4 um pore size,
13 mm diameter) in Transwell chambers at a cell
density of 10° cellsfem”. The cell monolayers were
fed fresh medium every 3 days.

The integrity of the monolayers was evaluated by
measuring transepithelial resistance using epithelial
voltohmmeter (World Precision Instruments, Sarasota
FL) and by measuring transepithelial ['“C]-mannitol
flux.

Transwell inserts with OK cell monolayers were
placed in a modified Ussing type diffusion chamber
(MRA International, Naples, FL) and then the
monolayers were washed and stabilized in Earle’s
balanced salt solution (EBSS). Mixing of the
medium in the diffusion chamber was achieved by
5% COyf 95% O, airlift and constant temperature of
37°C was maintained by a water-circulated jacket
(Fig. 1). The volume of medium in each side of
diffusion chamber was 6 ml. Transport measurement
was initiated by adding 100 M ['4C]-TEA to the
basolateral or apical side of the monolayers. The
monolayers were incubated for a specified period of
time and an aliquot (100 gl) of the incubation medi-
um in the opposite side was taken for the measure-

ment of radioactivity. The radioactivity of the
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Fig. 1. Sectional diagram of modified Ussing-type dif-
fusion chamber. Transwell inserts containing cell mono-
layers cultured on permeable polycarbonate membrane
filters are mounted between two acrylic half- chambers
with the aid of an O-ring. Transport medium is
circulated by OyCO; gas lift and flows in the direction
indicated by arrows. Temperature is maintained by
water jacket connected to circulating water bath.

collected media was determined in scintillation
cocktail with a liquid scintillation counter.

The protein concentration in the cell monolayers
was determined by the method of Bradford
(Bradford, 1976), using Bio-Rad protein assay kit.

Bovine serum albumin was used as a standard.
Data analysis

In this study, all experiments were carried out in
a minimum of at least three monolayers of different
generations. Data were presented as mean=+S.E.
Statistical significance was determined by the un-
paired Student’s #-test. The difference was consider-
ed to be significant when P values were less than
0.05. In kinetic studies, the apparent Michaelis-
Menten constant (K,,) and maximum transport rate
(Vmax) were estimated from the Michaelis-Menten
equation using nonlinear least-squares analysis
program, Enzfitter (Biosoft, Cambridge, UK).

Materials

(“C]-TEA bromide was purchased from New
England Nuclear Research Products (Boston MA).
Cell culture reagents, TEA-chloride, PAH, amilo-
ride, cimetidine, NMN, choline chloride, procaina-
mide, PCMB, PCMBS, DCCD, EDAC, and EEDQ
were purchased from Sigma Chemical Co. (St.
Louis, MO). Mepiperphenidiol was kindly supplied
as gifts by Merck Sharp and Dohme (West Point,
PA). Fetal calf serum was from GIBCO Life
Technologies (Grand Island, NY).

Abbreviations: TEA, tetracthylammonium; NMN,
N'-methylnicotinamide; PAH, p-aminohippuric acid
PCMB, p-chloromercuribenzoic acid; PCMBS,
p-chloromercuribenzene sulfonate; DCCD, N, N’ -
dicyclohexylcarbo-diimide; EDAC, 1-ethyl-3-methy-
laminopropyl) carbociimide; EEDQ, N-ethoxy-
carbony!-2-ethoxy-1,2-dihydroquinoline

RESULTS

Functional integrity of OK cell monolayer cul-
tured on permeable filters

In order to evaluate functional integrity of OK
cell monolayer we determined age-dependent
changes of transepithelial resistance. Transepithelial
resistance increased with culture age and reached its
maximum value from 6 to 10 days after seeding
ranging from 220 to 300 Q-cm’, Although the
increase of transepithelial resistance indicated
formation of functional tight junction we confirmed
it by measuring ['“C]-mannitol flux. As mannitol
does not enter the cell, [“C]-mannitol transport
across the monolayer reflects paracellular leak
pathway. Transepithelial [“*C]-mannitol flux de-
creased with culture age and it was inversely
proportional to the change of transepithelial resis-
tance (data not shown).
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Fig. 2. Transepithelial transport of tetraethylammonium
(TEA) in OK cell monolayers grown on permeable
Sfilters. The OK cell monolayers were incubated in
Earle’s balanced salt solution (EBSS) containing 100
uM [*C]-TEA added to the apical (») or basolateral(C),
®) side at 37°C. The basolateral-to-apical transport of
TEA was measured at the apical pH of 7.4(0) or 5.5(@).
Appearance of [“C]-TEA ar the opposite side was
plotted against incubation time. Each point is mean+
S.E. of the values determined in 4 monolayers.

Transepithelial transport of [“C]-TEA

The basolateral-to-apical and apical-to-basolateral
transepithelial transport of [*C]-TEA were measured
in OK cell monolayers cultured for 6 to 10 days.
As shown in Fig. 2, the basolateral-to-apical
transport of [“C]-TEA increased almost linearly
during 60-min incubation. The apical-to-basolateral
{*C)-TEA transport was significantly lower than
basolateral-to-apical transport. If nonspecific para-
cellular flux of [14C]-TEA were assumed to be
similar to that of ["*C]-mannitol one could calculate
pure transcellular transport of [“C]-TEA by
subtracting [MC]-mannitol flux from the total
transepithelial ["*C}-TEA transport. When the
apical-to-basolateral [“C)-TEA flux was corrected
for the paracellular flux estimated by ['*C]-mannitol
flux, the value became negligible. These results
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Table 1. The apparent Michaelis-Menten constant
(Km) and maximum velocity (Vma) of the trans-
cellular [*CJ-TEA transport

To determine the kinetic parameters of basolateral to
apical ["'C])-TEA transport, transport rates were deter-
mined for 10 min as a function of TEA concentration
(0.01 to 1.6 mM) in the presence and absence of 0.5 mM
cimetidine. The Kn and Vi were estimated from the
Michaelis-Menten equation using nonlinear least-squares
analysis program, Enzfitter (Biosoft, Cambridge, UK).

K n Vma.r
(uM) (pmole/mg protein/min)

146.5+16.2
1284+ 12.1

— cimetidine 41.3+47
+ cimetidine 22724214

Mean * S.E. of 6 determinations in 3 monolayers
*, Significantly different from the control(p<0.005)

indicate that there exist of unidirectional transcellu-
lar transport of organic cations in OK cell mono-
layer. It is generally accepted that organic cation
transport in the apical membrane is mediated by a
H'/organic cation exchange mechanism. In this
regard, we determined the effect of acidification of
apical medium on the basolateral-to-apical ["C]-TEA
transport. When apical medium was acidified to pH
5.5, TEA transport was significantly stimulated. This
observation showed that the transport of TEA across
the monolayer can be stimulated by acidifying the
medium on the apical side, i.e., the apical to
basolaterally directed H' gradient acts as a driving
force for the transport.

To determine the kinetic parameters of the baso-
lateral-to-apical [MC]-TEA transport, the transport
rates were determined as a function of TEA con-
centration which was varied from 0.01 to 1.6 mM.
The transport rates were determined for 10 min, as
the basolateral-to-apical [“CJ-TEA transport increased
linearly during the first 10 min(Fig. 2). In same
experiments, we tested the effect of cimetidine (0.5
mM), a well known competitive inhibitor of TEA
transport, on the the kinetics of (“CJ-TEA transport.
The apparent Michaelis-Menten constant (K,) and
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Fig. 3. Effects of cationic and anionic compounds at the
basolateral side on the transepithelial TEA transport in
OK cell monolayers grown on permeable filters. The OK
cell monolayers were incubated in Earle’s balanced salt
solution (EBSS) containing 100 uM [*C]-TEA added to
the basolateral side in the absence and presence of
various cationic or anionic compounds at the same side.
The basolateral-to-apical transport of [ ”C]-TEA was
determined by measuring appearance of [#C]-TEA a
the apical side (pH 7.4) for 10 min. Data were expressed
as % of the control value. Each column represents
meanzS.E. of the values determined in 4 monolayers.

*, Significantly different from the control (P<0.05); **,
(P<0.01).

maximum transport rate (V) were estimated from
the Michaelis-Menten equation using nonlinear
least-squares analysis program, Enzfitter (Biosoft,
Cambridge, UK) were shown in Table 1.

Effect of organic ions

In order to determine the substrate specificity of
the transport system, effects of various organic
cations and an organic anion PAH on the {*C]-TEA
transport were determined. As shown in Fig. 3,
TEA, amiloride, cimetidine, choline and mepiper-
phenidol added to the basolateral side drastically
inhibited ['“C]-TEA transport for 10 min at
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Fig. 4. Effect of various cationic compounds at the
apical side on the transepithelial TEA transport in OK
cell monolayers grown on permeable filters. The OK cell
monolayers were incubated in Earle’s balanced salt
solution (EBSS) containing 100 uM [PCJ-TEA added to
the basolateral side in the absence and presence of
various cationic compounds at the opposite side. The
basolateral-to-apical transport of [*C]-TEA was deter-
mined by measuring appearance of [FCJ-TEA at the
apical side (pH 7.4) for 10 min. Data were expressed
as % of the control value. Each column represents
mean+S.E. of the values determined in 4 monolayers.
* Significantly different from the control (P<0.01)

concentration of 1 mM. In contrast, NMN showed
a comparable inhibition only at a high concentration
(5 mM). An organic anion PAH did not inhibit
[14C]—TEA transport even at 5 mM. These results
indicated the presence of a common transport
mechanism for organic cations in the basolateral
membrane of OK cell. The results also suggested
that passive diffusion played a minor role in the
uptake of TEA across the basolateral membrane of
the OK cell.

Fig. 4 dipicts effects of organic cations in apical
medium on the basolateral-to-apical [MC]-TEA
transport. Unlabelled TEA significantly stimulated
the basolateral-to-apical [“C]-TEA transport (P<0.01),
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Fig. 5. Effect of sulfhydryl reagents on the trans-
epithelial TEA transport in OK cell monolayers grown
on permeable filters. Either apical or basolateral or both
sides of the OK cell monolayers were pretreated with 0.1
mM PCMB or PCMBS for 30 min. The monolayers were
then washed with reagent-free Earle’s balanced salt
solution (EBSS), and incubated in EBSS containing 100
uM [”C ']-TEA added to the basolateral side. The baso-
lateral-to-apical transport of [MC]—TEA was determined
by measuring the appearance of [ "“CJ-TEA at the apical
side (pH 7.4) for 10 min. Data were expressed as % of
the control value. Each column represents mean+S.E. of
the values determined in 3 monolayers.

Table 2. The concentrations of sulfhydryl (PCMB and
PCMBS) and carboxyl (DCCD and EEDQ) reagents
to produce 50% inhibition ((ICso) of the basolateral
to apical {“C}-TEA transport

ICso (M)
Basolateral Apical
PCMB 471.7+72.4 213436
PCMBS 584.1+64.6 302+4.1
DCCD 842.6+96.2 384+3.7
EEDQ 2041.2+248.1 126.2+16.4"

Mean * S.E. of 5 determinations in 3 monolayers
*, Significantly different from each other (P<0.005)
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Fig. 6. Effect of carboxyl reagents DCCD and EEDQ
on the transepithelial TEA transport by OK cell mono-
layers grown on permeable filters. Either apical or
basolateral or both sides of the OK cell monolayers
were pretreated with 0.1 mM of DCCD or EEDQ for
30 min. The monlayers were then washed with reagent-
free Earle’s balanced salt solution (EBSS), and incu-
bated in EBSS containing 100 uM [*C]-TEA added to
the basolateral side. The basolateral- to-apical transport
of [MC ']-TEA was determined by measuring appearance
of [*C]-TEA at the apical side (pH 7.4) for 10 min.
Data were expressed as %. of the control value. Each
column represents mean+S.E. of the values determined
in 3 monolayers.

indicating an existence of the TEA-TEA self
exchange mechanism. Other cations, such as amilo-
ride, cimetidine, choline or NMN, did not show any

significant effect.
Effect of sulfhydryl and carboxyl reagents

Fig. 5 shows the effect of sulfhydryl group re-
agents PCMB and: PCMBS on the basolateral to
apical [“C]-TEA transport. OK cell monolayers
were preincubated for 30 min in the presence of
PCMB or PCMBS: in either apical, basolateral or
both sides of the:monolayer. The drugs were then
removed by washing the monolayer with drug-free
EBSS and the: basolateral-to-apical [““C}-TEA
transport was determined for 10 min. Pretreatment
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Fig. 7. Effect of a carboxyl reagent, EDAC on the
transepithelial TEA transport in OK cell monolayers
grown on permeable filters. Either apical or basolateral
or both sides of the OK cell monolayers were pretreated
with 0.1 mM of EDAC for 30 min. The monlayers were
then washed with reagent-free Earle’s balanced salt
solution (EBSS), and incubated in EBSS containing 100
uM ['4C]—TEA added to the basolateral side. The
basolateral-to-apical transport of [ BCI-TEA was deter-
mined by measuring appearance of [*CJ-TEA ar the
apical side (pH 7.4) for 10 min. Data were expressed
as % of the control value. Each column represents
mean=S.E. of the values determined in 3 monolayers.
* Significantly different from the control (P<0.05).

of basolateral surface with 0.1 mM PCMB or
PCMBS inhibited the [*C]-TEA transport to 68 and
73% of the control value, respectively. When the
apical surface of the monolayers was pretreated with
1 mM PCMB or PCMBS the ["“C]-TEA transport
was drastically inhibited to 15 and 20% of the
control value, respectively. The inhibition was most
pronounced when both sides of the monolayers were
pretreated with these reagents. The concentrations of
PCMB and PCMBS for 50% inhibition of the
transport (ICsp) were calculated from dose-dependent
inhibition curves and listed in Table 2. The ICs
values for PCMB were 472 and 21 yM, and those
for PCMBS were 584 and 30 uM in the basolateral
and apical side, respectively. These observations

indicate that sulthydryl groups play an important
role in both the apical and basolateral TEA transport
systems, but the apical system is more sensitive than
the basolateral system.

Fig. 6 presents the effect of carboxyl group
reagents DCCD (a carbodiimide derivative) and
EEDQ (a quinoline derivative) on the basolateral to
apical ["C]-TEA transport. Both DCCD and EEDQ
inhibited the ["*C]-TEA transport. As in PCMB and
PCMBS, the inhibitory effects of DCCD and EEDQ
were more profound when added to the apical side.
The ICso values are presented in Table 2.

Fig. 7 depicts the effect of a hydrophilic car-
bodiimide EDAC on the [“C]-TEA transport. Unlike
DCCD and EEDQ, EDAC did not inhibit the
[“C}-TEA transport at 0.1 - 1 mM. At 5 mM, it
showed a slight inhibition when added to the apical
side.

DISCUSSION

The modified Ussing type diffusion chamber we
used in this study was proved to be an excellent tool
in determining transepithelial solute transport.
Although recent researches (Jourdain et al, 1993;
Kim et al, 1993) demonstrated that transepithelial
transport might be successfully determined using
Transwell chamber(Costar, Cambridge, MA), the
lack of stirring might create an unstirred water layer
and lead to a misunderstanding of transport
parameters. In the system we used here, the
transport buffers in both sides were mixed by gas
lift. This method has been proved to reduce the
thickness of unstirred water layer effectively without
affecting the integrity of monolayers (Hori et al,
1993).

The results in this study demonstrated that OK
cell monolayers possess vectorial transport system
for TEA. The transcellular transport of TEA is
accomplished through two processes, basolateral
uptake and apical efflux. It has been well
documented that TEA is transported across the renal
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brush-border membranes by a H'-organic cation
antiport system (Kinsella et al, 1979; Holohan &
Ross, 1981; Takano et al, 1984; Dantzler et al, 1989;
Hidalgo etl al, 1991). In this study, the basolateral
to apical [“C]-TEA transport was significantly
stimulated when the apical medium was acidified to
pH 5.5. Although this may not provide direct
evidence for the existence of a H'-TEA antiport
system, it suggests strongly that the inwardly-
directed H' gradient could serve as a driving force
for TEA transport at the apical membrane. Further
studies using isolated apical membrane vesicles from
OK cells are required to prove the existence of the
H'-TEA antiport system in OK cell membrane. The
inwardly directed H' gradient in the proximal tubule
is generated predominantly by the Na™-H™ exchanger
in the brush-border membranes, which depends on
the electrochemical gradient of Na" produced by the
Na‘-K™ exchange pump in the basolateral mem-
branes (Jung et al, 1989). Such a Na™-H" exchanger
also operates in OK cells (Kinsella & Aronson,
1980; Pollock et al, 1986; Gennari et al, 1992).
Therefore, the H' gradient produced by a Na'-H’
exchange system in the apical membrane of OK
cells might be responsible for the TEA transport at
the apical pH of 7.4 in the present study.

The basolateral-to-apical TEA transport was a
saturable process which could be competitively
inhibited by another organic cation, cimetidine. The
apparent Ky, and Vi, values obtained in this study
were 41 ‘uM and 147 pmole/mg protein/min. It is
difficult to compare these kinetic parameters with
those obtained in membrane vesicles, because the
kinetic parameters in this study reflect characteristics
of the transcellular transport, not the transmembrane
transport. ' When compared with the kinetic para-
meters observed in LLC-PK; cell monolayer (Kim
et al, 1993), the K,, and V. values of the present
study were slightly lower than those in LLC-PK;
cell (K, 67 uM; Vi, 222 pmole/mg protein/min).

To determine the selectivity of TEA transport in
OK cell monolayers, we examined the effect of

various compounds on the basolateral-to-apical
[*C]-TEA transport. The transport was significantly
inhibited by organic cations, such as unlabelled
TEA, amiloride, cimetidine, choline, and mepiper-
phenidol, added to the basolateral medium at 1 mM,
but was not affected by an organic anion PAH.
NMN showed an weak inhibitory effect even at a
relatively high concentration (5 mM). Previous
studies in apical membrane vesicles isolated from
rabbit renal cortex (Rafizadeh et al, 1977, Wright,
1985; Jourdain et al, 1993) and in isolated perfused
tubules of snake (Gisclon et al, 1987) and rabbit
(Takano et al, 1984) have demonstrated that a
variety of organic cations can stimulate the transport
of labelled organic cations. (Yuan et al, 1991) have
also demonstrated that unlabelled TEA and NMN
can accelerate the influx as well as the efflux of
[‘4C]-TEA in OK cell monolayers, as we have
observed in OK cell monolayers cultured on plastic
culture plate (unpublished results). In contrast,
(McKinney et al, 1988) observed that the influx of
[3H]—TEA in LLC-PK1 cells was not stimulated by
preloading the cells with unlabelled TEA. In our
transepithelial transport studies using OK cell mono-
layers cultured on permeable membrane filters, the
TEA added to the apical medium trans-stimulated
the basolateral-to-apical [“C]-TEA transport, indi-
cating an involvement of TEA self-exchange
mechanism. The discrepancy of the NMN effect on
the TEA transport in apical membranes and cell
monolayers is not clear. The apical uptake or efflux
studies reflect characteristics of the apical membrane
alone, whereas the transepithelial transport com-
prises both the uptake across the basolateral
membrane and subsequent processes, including the
exit through the apical membrane and intracellular
events. Therefore, if the organic cation transport
system in the apical and basolateral membrane had
different affinities to NMN, the effect of NMN on
TEA transport will be different according to the
experimental protocols. Further studies using iso-
lated membrane vesicles may be needed to elucidate
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the mechanism of the discrepancy. The mechanism
of TEA self-exchange has been studied previously
in rabbit renal apical membrane vesicles and appears
to involve an increase in the maximum turnover of
the exchanger without an effect on the binding
(Dantzler & Brokl et al, 1988).

The basolateral-to-apical TEA transport across the
OK cell monolayer was inhibited by sulfhydryl
reagents PCMB and PCMBS, added to either the
apical or basolateral side. The ICsp values were
about 20 times higher in the basolateral side (472
and 584 uM for PCMB and PCMBS, respectively)
than in the apical side (21 and 30 yM for PCMB
and PCMBS, respectively). Since PCMBS which
cannot penetrate the cell membrane (Wright &
Wunz et al, 1987) showed a similar potency of
inhibition. compared with PCMB, these reagents
seem to react with the sulfhydryl groups at the outer
surface of the basolateral or apical membranes.
Accordingly, these findings may suggest that
sulfhydryl groups are essential for the organic cation
transport system at both the basolateral and apical
membranes of the OK cell although the system in
apical membrane is more sensitive to these agents.
It has been reported that sulfhydryl reagents
specifically inhibit the H'
transport of TEA in renal brush-border membranes

gradient-dependent

and that the sulfhydryl group may be localized on
the external side of the brush-border membrane
vesicles (Hori et al, 1987). Considering the
membrane vesicles to be oriented right-side-out, the
present findings are consistent with the suggestion
that the functional sulfhydry! groups of the organic
cation transporter at the apical membranes of the
OK cell monolayers are localized at outer surface.

Inhibition of the TEA transport by DCCD or
EEDQ in this study suggest that carboxyl groups are
also involved in the organic cation transport in the
OK cell monolayer. As was for sulthydryl reagents,
the inhibitory effects of DCCD and EEDQ were
more potent when added to the apical side of the
monolayer. Another carbodiimide, a hydrophilic
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carboxyl group modifier EDAC did not induce a
significant inhibition of TEA transport. These results
may suggest that the carboxyl groups modified by~
carbodiimides in the present study are located at
hydrophobic sites. The mechanism for the different
sensitivities of the basolateral and apical membrane
systems to sulfhydryl and carboxyl reagents are not
clear at present, but might suggest that the apical
system is rate-limiting step for the basolateral-to-
apical transcellular TEA transport.

In summary, the present study demonstrated that
TEA is transported across the OK cell monolayer
from a basolateral-to-apical side by a saturable
process. This process is stimulated by acidification
of the apical medium and inhibited by sulfhydryl or
carboxyl group modifying agents in the basolateral
or apical medium.
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