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Identification, localization and functional study of
epithelial Ca?* channel TRPV6 in the rat epididymis

W. Shum, M. Leung, G. Cheng, S. Au and P.Y. Wong

Physiology, The Chinese University of Hong Kong, Shatin NT,
Hong Kong

Calcium is known to play a crucial role in sperm physiology,
including motility, metabolism, acrosome reaction, and fertil-
ization. However, very little is known about the regulation of
Ca?" in the epididymis, although it is known that the fluid therein
has a lower Ca’>" concentration than in the blood plasma. The
calcium permeable channel TRPV6, but not TRPV5, is expressed
in the reproductive tract of male rats as analyzed by RT-PCR and
immunohistochemistry. TRPV6 is predominantly present in the
apical membranes of the principal cells of the epididymis and
the ciliated cells of the efferent duct. Whole-cell patch-clamp
studies of isolated epithelial cells from the rat epididymis revealed
a Ca’"-selective current with characteristics matching those of
the epithelial Ca?* channels, viz constitutive activities, time-
dependent inactivation at hyperpolarizing steps of membrane
potentials to more negative than —60 mV, inwardly rectifying cur-
rent-voltage relationship, inhibition by extracellular acidosis but
stimulation by alkalosis, and blockade by lanthanum. When the
cauda epididymal tubules of anaesthetized rats (pentobarbitone
sodium, 60mg kg™!, i.p. injection) were luminally perfused with
HCO, -buffered Krebs solution (pH 7.4) in vivo, the perfused
segment reabsorbed Ca?* at a rate of 2.6 + 0.1 nmol cm™ min-
! (n=58 from 16 rats). Reabsorption was dose-dependently sup-
pressed by ruthenium red and lanthanum, putative blockers of
epithelial Ca>" channels. Castration markedly reduced the Ca?*
reabsorptive capacity of the epididymal tubule (n = 16 rats). This
study suggests that TRPV6 provides a Ca?* entry pathway that
regulates Ca?" homeostasis in the epididymis. Reabsorption of
Ca”" by the epididymal tubule is androgen-dependent.

Supported by a grant from the Research Grants Council, Hong Kong.

Where applicable, the authors confirm that the experiments
described here conform with the Physiological Society ethical
requirements.
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Possiblerole of apical P2 receptors in modulating aquaporin-
2-mediated water reabsorption in the collecting duct

S.S.Wildman!, C.M. Peppiatt!, M. Boone?, I. Konings?, ]. Marks!,
L.J. Churchill!, C.M. Turner!, D.G. Shirley!, B.F. King!,
P.M. Deen? and R.J. Unwin!

IDepartment of Physiology, UCL, London, UK and *Department
of Physiology, Radboud University Nijmegen Medical Centre,
Nijmegen, Netherlands

Activation of basolateral V, receptors by vasopressin increases
water reabsorption in the collecting duct (CD) via a series of
intracellular events that culminate in increased insertion of aqua-
porin-2 water channels (AQP2) into the apical membrane. Recent
studies have shown that this process is inhibited by extracellu-

lar ATP acting on P2 receptors expressed on the basolateral mem-
brane of CD principal cells, and that P2Y,-like receptors are
responsible (Unwin et al. 2003). The present study has used the
Xenopus oocyte expression system to investigate whether other
P2 receptor subtypes can influence AQP2 function, and has
localised P2 receptor distribution in the rat CD.

Defolliculated Xenopus oocytes (co-expressing AQP2 and a given
P2 receptor) were placed in a hypotonic (10 mosm/1) Barth’s
solution, and AQP2-mediated swelling was monitored by video
imaging at 1.7 s intervals for 1 min; from this, osmotic water per-
meability (P;) was calculated (Deen et al. 1994). When P2X,,
P2Y, or P2Y, receptors were co-expressed with AQP2, then acti-
vated by 10 uM ATP, P was reduced significantly (by 46 £ 8%
(P<0.01, unpaired ¢ test), 53 + 7% (P<0.01) and 57 + 3%
(P<0.01), respectively; means + SEM; #n=8 in each case). West-
ern blot analysis, with a specific AQP2 antibody, confirmed that
the P2 receptor-mediated inhibition of cell swelling was due to
removal of AQP2 protein from the plasma membrane in each
case (n=3).

Kidneys from three terminally anaesthetised adult Sprague Daw-
ley rats were perfusion-fixed with paraformaldehyde (4%) and
sliced (8 um). Using antibodies specific for P2X,, P2Y, and P2Y
receptors, immunohistochemical analysis demonstrated the
expression of P2X, and P2Y, receptors on the apical membrane
throughout the CD and P2Y, on the basolateral membrane in
the inner medullary CD.

These results show directly that activation of certain P2 recep-
tors can inhibit AQP2-mediated water transport. They also sug-
gest that, in addition to the previously documented effect of baso-
lateral P2Y, receptors, apically located P2 receptors (P2X, or
P2Y,) might play a role in modulating vasopressin-stimulated
water reabsorption in the CD, thus strengthening suggestions
that intraluminal nucleotides might act as paracrine/autocrine
agents.

Unwin R] et al. (2003). News Physiol Sci 18, 237-241.

Deen PMT et al. (1994). Science 264, 92-95.

This work was supported by the British Heart Foundation and
St Peter’s Trust for Kidney, Bladder and Prostate Research.

Where applicable, the authors confirm that the experiments
described here conform with the Physiological Society ethical
requirements.

PC5

Acute regulation of the urea transporter UT-A3, expressed
in a MDCK cell line

G.S. Stewart, E. Potter and C. Smith

Faculty of Life Sciences, The University of Manchester,
Manchester, UK

Renal facilitative urea transporters play a vital role in the urinary
concentrating mechanism (Fenton et al. 2004). UT-A3 is a
phloretin-sensitive urea transporter expressed on the basolateral
membrane of inner medullary collecting duct cells (Stewart et
al. 2004). In this study, we have produced a MDCK cell line that
stably expresses myc-tagged UT-A3, and investigated the result-
ing urea transport in these MDCK:UT-A3 cells. Radioactive '4C-
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labelled urea flux experiments showed that during basal condi-
tions there was no difference in basolateral urea uptake into con-
trol MDCK cells (1.72 # 0.22 nmol cm™ min!, n=16) and
MDCK:UT-A3 cells (1.99 + 0.24 nmol cm™ min’!, n=16) (NS,
unpaired t test). However, while pre-incubation for 60 min in
10 M arginine vasopressin (AVP) had no effect on urea uptake
into control MDCK cells (1.94 +0.09 nmol cm™2 min"!, n=4, NS,
ANOVA), it significantly stimulated urea uptake into MDCK:UT-
A3 cells (6.12 + 0.68 nmol cm™ min’!, n=4, P<0.05, ANOVA);
as did 60 min pre-incubation with 10® M AVP (5.23 £ 0.66 nmol
cm? min'!, n=4, P<0.05, ANOVA). Further investigation showed
that this 10© M AVP response was in fact biphasic, with an ini-
tial peak after 10 min (5.31 +0.70 nmol cm min-!, n=4, P<0.05,
ANOVA) followed by a larger response after 60 min (7.07 +0.74
nmol cm™? min!, n=4, P<0.05, ANOVA). Importantly, the 60
min AVP response was significantly inhibited by 500 uM
phloretin (73 + 8% of control, n=4, P<0.05, ANOVA). Finally,
MDCK:UT-A3 urea uptake was also stimulated by 10 uM
forskolin (5.53 + 0.78 nmol cm2 min-!, n=4, P<0.01, ANOVA),
250 UM 8-bromo-cAMP (3.74 £ 0.23 nmol cm™ min’!, n=4,
P<0.05, ANOVA) or 1 mM ATP (4.73 + 0.56 nmol cm™2 min’},
n=4, P<0.05, ANOVA). In conclusion, our results indicate that
phloretin-sensitive UT-A3 urea transport can be regulated by
AVP, possibly via intracellular increases of cAMP and/or calcium.
Fenton RA et al. (2004). Proc Natl Acad Sci 101, 7469-7474.

Stewart GS et al. (2004). Am ] Physiol Renal 286, F979-F987.
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A new role for a famous gene: white encodes a Drosphila
renal cyclic GMP transporter

J.M. Evans, J.P. Day, S.A. Davies and J.A. Dow
Molecular Genetics, University of Glasgow, Glasgow, UK

Drosophila Malpighian (renal) tubules are a powerful and adapt-
able model for studying in vitro epithelial transport mechanisms.
Mutations in the white gene were the very first identified by Mor-
gan. Whiteis one of the most important genetic markers in mod-
ern Drosophila molecular biology; however, its function is sur-
prisingly poorly understood. Previous studies have shown that
white gene encodes a member of the G family [1] of ATP bind-
ing cassette (ABC) transporters, and is implicated in the trans-
port of kynurenine, tryptophan and guanine. However, the func-
tion of white is surprisingly poorly understood considering it is
one of the most important markers in modern Drosophila molec-
ular biology. Cyclic guanosine 35’-cyclic monophosphate
(cGMP) is a signalling molecule involved in the regulation of a
diverse range of tissues [2]. Cyclic GMP can be actively trans-
ported by various ABC transporters [3].

In a recent Affymetrix microarray experiment white was found
to be 10.3 = 1.4 (mean = SEM, N=5) up-regulated in the
Malpighian tubules [4] and differentially expressed when the
tubules were incubated with cGMP. As the tubules are stimu-

lated by exogenous cGMP, and are known to transport cyclic
nucleotides, we hypothesised that white might be involved in
cGMP transport. Using *H labelled cGMP in a transport assay
[5], wild-type tubules were shown to transport cGMP at a rate
of 2.22 £ 0.24 fmol min! (mean *+ SEM, N=19), while in white
mutant the rate of transport was 0.86 + 0.09 fmol min™! (mean
+SEM, N=18), significantly (P<0.001) less cGMP than wild type
tubules. A number of pharmaceutical competitors effect on
c¢GMP transport were characterized, including glibenclamide,
methotrexate, kynurenine, and tryptophan. Interestingly cAMP
does not compete with cGMP transport, suggesting that the
transport of these cyclic nucleotides is independent in Drosophila
renal tubules. The white protein appears to be expressed at the
basolateral membrane, using ICCs and a GFP-labelled overex-
pression construct. Further secretion assays demonstrate that
even in the presence of cGMP transport inhibitors, or in white
mutants, cGMP stimulates fluid secretion by tubules, suggesting
an independent receptor-mediated action of cGMP, that does
not require transepithelial transport.

Dean M, Rzhetsky A & Allikmets R (2001). In ABC Proteins from Bac-
teria to Man, 1st edn, pp. 47-61. Academic Press, London.

Davies SA (2006). Cell Signal 18, 409-421.

Sager G (2004). Neurochem Int 45, 865-873.

Wang J, Kean L, Yang ], Allan AK, Davies SA, Herzyk P & Dow JA (2004).
Genome Biol 5, R69.

Evans JM, Allan AK, Davies SA & Dow JA (2005).] Exp Biol 208,3771-3783.
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Immunohistochemicallocalisation of P2 receptorsin the rat
renal collecting duct: effects of altering dietary sodium intake

E. Chapman, S. Hussain, C.M. Peppiatt, J. Marks, L.J. Churchill,
C.M. Turner, B.E King, R.J. Unwin and S.S. Wildman

Department of Physiology, UCL, London, UK

ATP can be detected in urine at concentrations sufficient to acti-
vate P2 receptors (P2Rs) expressed in the luminal membrane of
renal tubular cells (Unwin et al. 2003). The activation of certain
apical P2Rs by extracellular ATP has been shown to inhibit Na*
transport in the collecting duct (CD) in vitro and in vivo. Previ-
ously, using the Xenopus oocyte expression system, we have
demonstrated a regulatory interdependence between certain
P2Rs and the epithelial Na* channel (ENaC) (Wildman et al.
2005). We have shown that plasma membrane expression of P2R
assemblies incorporating P2X,, P2X, and P2X subunits are
directly increased by ENaC expression and that ENaC activity is
decreased by the stimulation of P2R assemblies incorporating
P2X,, P2X, and P2X subunits. We have proposed that some
P2Rs may provide localised and fine regulation of ENaC activ-
ity in the CD in vivo.

Kidneys from terminally anaesthetised adult Sprague Dawley
rats (maintained on low (0.01%), normal (0.5%) or high (4%)
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sodium diets, for 10 days) were perfusion-fixed with
paraformaldehyde (4%) and sliced (8 um). We used co-immuno-
fluorescence (using an AQP2 antibody as a marker of the CD)
to investigate apical P2R expression patterns along the CD in
response to changes in dietary sodium intake (that also change
ENaC expression).

In rats maintained on a normal Na* diet (n=3), immunostain-
ing for P2X, and P2X ion channel receptor subunits and P2Y,,
P2Y,, P2Y,, and P2Y , metabotropic receptors was evident in
the apical membrane throughout the CD. Weak staining was seen
for apical P2X,, P2X, and P2X,, receptors. In rats on a low Na*
diet (n=3), expression of P2X also became apparent, expression
of P2X, was increased and immunostaining for P2X, disap-
peared. With the exception of P2Y , all previously detected P2Y
receptors showed restricted co-localisation and weak apical stain-
ing. A high Na* diet also resulted in increased apical expression
of P2X,, but in contrast to normal and low Na'* diets expression
of apical P2X,, receptors was increased and immunostaining for
P2X, disappeared. We also saw weak staining for those P2Y recep-
tors previously detected in abundance, with exception of P2Y,
and P2Y,,, which remained unchanged.

In summary, apical P2R expression patterns change in the rat
CD in response to changes in dietary sodium intake. Our results
support a link between P2R expression and function and ENaC
regulation (i.e. assemblies of P2X, P2X, and P2X subunits, hav-
ing the ability to inhibit ENaC activity, shown here to mirror
ENaC expression in vivo), which, itself, is regulated by levels of
dietary Na*.

Unwin RJ et al. (2003). News Physiol Sci 18, 237-241.

Wildman SS et al. (2005). J Am Soc Nephrol 16, 2586-2597.

E.C. and S.H. contributed equally to this work.

This work was supported by the British Heart Foundation and
St Peter’s Trust for Kidney, Bladder and Prostate Research.
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A Ca**-activated Cl" conductance supports the regulatory
volume decrease of mouse renal collecting duct cells in
primary culture

S.H. Boese

Zoophysiology, University of Potsdam, Golm, Brandenburg,
Germany

Cells of the renal inner medullary collecting duct (IMCD) are
able to regulate their volume after hypoosmotic perturbations
(regulatory volume decrease, RVD) by activating a swelling-sen-
sitive anion/organic osmolyte channel (VRAC) [1]. As full acti-
vation of VRAC takes several minutes it might be of advantage
for the IMCD cells to recruit other anion conductances for sup-
port, especially in case of massive hypoosmotic stress. A possi-
ble candidate might be the Ca?*-activated Cl- conductance
(CaCCQ), as it can be recruited rapidly by even a small increase
in intracellular calcium ([Ca“]in) [2].

To investigate this hypothesis, cells isolated from the initial third
of the mouse IMCD (mIMCD; see [2]) were cultured on glass
coverslips (Media osmolality: 600 mosmol/kg H,0O) and chal-
lenged with either a moderate (bath osmolality reduction by 100
mosmol/kg H,O via removal of sucrose) or a massive (bath
osmolality reduction by 300 mosmol/kg H,O via removal of
sucrose) hypoosmotic shock, respectively. Membrane conduc-
tance changes of the cells were investigated using the slow whole
cell patch-clamp technique (Nystatin perforated patch). Cur-
rents were attributed to VRAC or CaCC by their distinct bio-
physical characteristics (see [1]). Alterations in [Ca”]in were
measured by intracellular ratiometric Ca>" imaging using the
fluorescent calcium indicator Fura2. Data are given as
meantSEM (n), statistical significance was tested as in [1].

A moderate hypoosmotic challenge via a reduction of the extra-
cellular osmolality by 100 mosmol/kg H,O resulted in activa-
tion of VRAC. However, neither a significant increase in [Ca”]in
nor an activation of CaCC was detectable.

On the other hand, challenging the mIMCD cells with a mas-
sive hypoosmotic shock (-300 mosmol/kg H,O) elicited not only
VRAC activity but also an increase in [Ca>*]. in conjunction

with activation of CaCC. [Ca2*]._ rose fronllna basal level of

28+5nM (n=7) to 367+21nM (nzll}), and membrane conduc-
tance grew from -2.4+0.8pA/pF to -12.2+1.2pA/pF at -80mV and
from 4.2+0.9pA/pF to 72+2.1pA/pF at +80mV (n=11), respec-
tively. The increase in [Ca*] ., could be detected 31£5s (n=10)
after the start of the hypoosmotic challenge and lasted as long
as the osmotic gradient was maintained.

Omission of calcium in the extracellular bathing solution
([Ca?t] ox < 10nM) had neither a significant effect on the intra-
cellular Ca?* signal nor on the CaCC activity elicited by the
hypoosmotic challenge. Chelation of intracellular Ca?* on the
other hand prevented the [Ca®*]in rise as well as CaCC activa-
tion. This indicates intracellular calcium stores as the main Ca?*
source for the signal.

In conclusion, activation of CaCC via an intracellular calcium
signal seems to support the RVD of mIMCD cells after a strong
hypoosmotic challenge by providing an early anion efflux path-
way which precedes the slower activating VRAC conductance.
Boese SH et al. (2000). ] Mem Biol, 177, 51-64.

Boese SH et al. (2004). Am ] Physiol, 286, F682—F692.
Where applicable, the authors confirm that the experiments

described here conform with the Physiological Society ethical
requirements.
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17B-Oestradiol rapidly activates intracellular calcium
signalling via a protein kinase C—protein kinase A-
dependent pathway in the human eccrine sweat gland cell
line NCL-SG3

R.W. Muchekehu, A. Hartford and B.]. Harvey

Molecular Medicine, Royal College of Surgeons in Ireland, Dublin,
Ireland

B-Adrenergic-stimulated sweat secretion is mediated by calcium
and cAMP. We describe here, for the first time, protein kinase
A- (PKA) and protein kinase C- (PKC) dependent modulation
of intracellular calcium ([Ca2+]i) by the hormone 17 B-oestra-
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Properties of Ba?* block of an inwardly rectifying K*
conductance in cultured mouse collecting duct cells

H.C. Taylor!, A. Ong? and L. Robson'

IBiomedical Science, University of Sheffield, Sheffield, UK and
2Academic Nephrology Unit, Sheffield Kidney Institute, Division
of Clinical Sciences (North), University of Sheffield, Sheffield, UK

The renal collecting duct is composed of principal and interca-
lated cells, which serve to control the extracellular fluid volume
and solute composition of the body. Inwardly rectifying K* chan-
nels play an important role in collecting duct function. The aim
of the following study was to examine an inwardly rectifying K*
conductance in a cultured mouse collecting duct cell line (M8).
K* currents were examined using the whole cell patch clamp
technique. Clamp potential was stepped from a holding value
of —40 mV, to between +100 and -100 mV in 20 mV steps. The
current sensitive to 5 mM Ba?* was measured in the presence of
135 mM KCl or 130 mM NaCl plus 5 mM KCl in the bath (both
at pH 7.4 with 2 mM CaCl,). The pipette solution contained 145
mM KCl with no added Ca®* plus 0.5 mM EGTA (pH 7.4). Meas-
urements were taken initially (~50 mS) after changing the poten-
tial and at steady state (SS) (~350 mS). Point conductance was
calculated at +100 (G_ ) and =100 mV (G,,). All values are
expressed as means = SEM. Statistical significance was tested
using Student’s unpaired t test and assumed at the 5% level.
With high KCl in the bathing solution the initial Ba?*-sensitive
G Was 86.58 £ 32.37 uS/cm? and the initial G, was 159.22 +
49.92 uS/cm? (n=8). G, was significantly greater than G, iden-
tifying a weak inwardly rectifying K* conductance. SS conduc-
tances were not significantly different to initial values. With high
NaCl in the bathing Ringer solution the initial Ba**-sensitive G,
was 140.60 £19.81 uS/cm? (n=48). At 350 ms Ba**-sensitive G,
had fallen to —9.69 + 4.50 L.S/cm?. The initial Ba®*-sensitive G,
was 53.51 5.45 uS/cm? (n=48) and this increased at 350 ms to
64.73 £7.76 uS/cm?. Time-dependent changes in G, and G,
were not observed with total whole cell conductances.

These data are consistent with time-dependent changes in Ba?*
sensitivity of the whole cell K* conductance in the presence of
extracellular Na*. One explanation is that is at positive poten-
tials Ba?* ions are repelled out of the channel pore. The absence
of time-dependent changes in Ba>" sensitivity in the presence
of extracellular K* could reflect the presence of a K* lock-in site,
which prevents Ba?* from leaving the pore when K* is bound
(Spassova & Lu 1999; Vergara et al. 1999).

Spassova M & Lu Z (1999). ] Gen Physiol 114, 415-426.
Vergara C, Alvarez O & Latorra R (1999). ] Gen Physiol 114, 365-376.

This work was supported by the MRC.

Where applicable, the authors confirm that the experiments
described here conform with the Physiological Society ethical
requirements.
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Basolateral K* conductance is decreased during cAMP-
stimulated CI secretion in human colonic crypts

J.E. Linley"2, A.A. Al-Hazza!, A. Loganathan!, G.I. Sandle? and
M. Hunter!

nstitute of Membrane and Systems Biology, University of Leeds,
Leeds, UK and *Institute of Molecular Medicine, University of Leeds,
Leeds, UK

The current model of Cl" secretion in mammalian colonic crypts
involves electroneutral Cl™ entry across the basolateral mem-
brane, facilitated by Na*-K*-2Cl" co-transport, followed by elec-
trogenic Cl” exit across the apical membrane through cAMP acti-
vated Cl channels. Simultaneous activation of basolateral K*
channels is thought to maintain a favourable electrical gradient
for apical Cl” secretion by limiting cell depolarisation. In this
study we have sought evidence for K* channel activation by
cAMP using perforated whole cell patch clamp in human colonic
crypts.

Sigmoid biopsies were obtained from patients undergoing rou-
tine colonoscopy for altered bowel habit. Colonic crypts were
isolated using a Ca" chelation technique as described previously
(Bowley et al., 2003). Slow-whole cell currents (with ampho-
tericin B in the pipette) were measured from colonocytes in the
mid-third of intact crypts. Single channel currents were meas-
ured from the basolateral membrane using the cell attached patch
technique. Data are presented as mean + 1 SEM, with n, the num-
ber of experiments. Comparison was by paired t test with signi-
ficance assumed at p < 0.05.

Under basal conditions, whole cell currents were predominantly
K™ selective with a conductance (G) 0of 0.98 £0.1 nS and a rever-
sal potential (E,,,) of -62 £ 2 mV (n = 40). Forskolin (FSK, 10
uUM) gave a ~3 fold increase in G and a depolarising shift in E
0f29.8+7 mV (n = 8, P < 0.05). The FSK-stimulated conduc-
tance was significantly inhibited by removal of bath Cl" (107 +
3%, n = 8), or addition of NPPB (200 uM; 85 + 18%, n = 4) but
not DIDS (100 uM; 1 £ 8%, n = 4), indicating activation of CFTR.
The effect of FSK on GK* was investigated under low Cl" con-
ditions (4mM CI" in bath and pipette), where FSK reduced the
basal conductance from 1.43 £ 0.6 nS to 0.56 £ 0.1 nS (n =6, P
< 0.05) and depolarised the cell from -62 + 4 to -44 £ 8 mV (P
< 0.05), consistent with K channel inhibition. Addition of chro-
manol 293B (10 uM), an inhibitor of the cAMP-activated K*
channel KCNQ1, to FSK-stimulated crypts, was without effect
in both high and low Cl” experiments. Single channel analysis
of the basolateral membrane revealed that intermediate con-
ductance Ca%*-sensitive K* channels (IK,) were inhibited by
forskolin (n = 7, p<0.05).

In conclusion, FSK stimulated a Cl” conductance with pharma-
cological properties consistent with CFTR. We found no evi-
dence of K* channel activation by cAMP in human colonic
crypts. Paradoxically, FSK inhibited the basal whole cell K* con-
ductance and basolateral IK -, channels suggesting that basolat-
eral K* channels have a permissive, yet limiting, role in Cl" secre-
tion in human colonic crypts.

Bowley KA, Morton MJ, Hunter M & Sandle GI (2003). Gut 52, 854-860.

Supported by Yorkshire Cancer Research.
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Structure—activity studies of fluorescein derivatives as
potentiators of the CFTR CI- channel

Z. Cail, O. Moran?, S.M. Husbands® and D.N. Sheppard!

Department of Physiology, Bristol University, Bristol, UK, *Istituto
di Biofisica, CNR, Genoa, Italy and > Department of Pharmacy and
Pharmacology, University of Bath, Bath, UK

The fluorescein derivative phloxine B (2’4’57 -tetrabromo-
4,5,6,7-tetrachlorofluorescein) is a potent modulator of the cys-
tic fibrosis transmembrane conductance regulator (CFTR) CI*
channel [1,2]. Nanomolar to low micromolar concentrations of
phloxine B potentiate CFTR CI" currents, whereas higher con-
centrations (= 10 uM) inhibit CFTR. To understand better chan-
nel potentiation by fluorescein derivatives, we studied bengal
rose B (24,57 -tetrabromo-4,5,6,7-tetraiodofluorescein), ethyl
eosin (2,457 -tetrabromoeosin ethyl ester), eosin Y (2,4357’-
tetrabromofluorescein), TCF (4,5,6,7-tetrachlorofluorescein),
DCEF (2’,7’-dichlorofluorescein) and fluorescein using excised
inside-out membrane patches from C127 cells expressing wild-
type human CFTR. We also employed molecular docking to study
the interaction of fluorescein derivatives with CFTR using a head-
to-tail dimer model of CFTR’s nucleotide-binding domains
(NBDs) [3]. When added to the intracellular solution, with the
exception of TCF and fluorescein that lack halogens in the xan-
thene moiety of the molecule, all other fluorescein derivatives
potentiated CFTR CI" currents with the rank order of affinity:
bengal rose B (K, 0.32 uM) > eosin Y (K, 0.62 uM) > ethyl
eosin (Kd, 1.72 uM) > phloxine B (Kd, 2.78 uM) > DCF (Kd,
36.24 uM). Single-channel studies demonstrated that fluores-
cein derivatives augment CFTR Cl” currents by increasing open
probability (P, P<0.05,n = 6-15) with phloxine B (1 uM) and
eosin Y (1 uM) both prolonging mean burst duration (MBD, P
<0.05) without changing interburst interval (IBI, P> 0.05), and
DCEF (20 uM) decreasing IBI (P < 0.05) without changing MBD
(P> 0.05, n = 4-15). Molecular docking studies suggest that
fluorescein derivatives bind at the interface of the NBD dimer
primarily by hydrophobic interactions. They also suggest that
the putative binding sites involve sequences from both NBD1
and NBD2 and are distinct from the two ATP binding sites. Inter-
estingly, evaluation of the binding free energy implies that flu-
orescein derivatives bind tighter to NBD1. We conclude that (i)
halogens in the xanthene moiety of the molecule have essential
roles for CFTR potentiation and different halogens have distinct
effects on channel gating; (ii) chlorines in the benzene ring of
the molecule enhance potency; (iii) the carboxylic group in the
benzene ring plays little role in potentiation, but is a key deter-
minant of CFTR inhibition; and (iv) fluorescein derivatives may

potentiate CFTR CI” channel by stabilising the formation of the
NBD dimer.

Bachmann A et al. (2000). Br J Pharmacol 131, 433-440.

Cai Z & Sheppard DN (2002). ] Biol Chem 277, 19546-19553.

Moran O et al. (2005). Cell Mol Life Sci 62, 446-460.

Supported by the CF Trust and Italian Cystic Fibrosis Research
Foundation (FFC).
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Basolateral ATP activates Cl- secretion and Na't

reabsorption in A6 epithelia

D.J. Jans!, C. Balut?, W. Van Driessche!, P. Steels! and E. Van
Kerkhove!

Laboratory of Physiology, Hasselt University, Diepenbeck, Belgium
and 2Laboratory of Biophysics, International Centre of
Biodynamics, Bucharest, Romania

The present study investigated the in vitro effects of extracellu-
lar ATP when applied to the basolateral border of renal epithe-
lial cells in culture. We used the A6 epithelium cell line, derived
from the distal renal tubules of the South-African clawed frog
Xenopus laevis, as a model for the principal cells of the cortical
collecting duct that exhibits both Na* reabsorption and Cl” secre-
tion in response to specific agonists. Epithelial polarisation was
facilitated on permeable Anopore filter supports (pore size 0.2
um). We continuously monitored the changes in transepithelial
conductance (Gp) and short-circuit current (I ). Data are rep-
resented as means + S.E.M. Upon the addition of ATP (5 uM)
to the basolateral border, I__ rapidly increased in a biphasic man-
ner with an initial rapid increase from 1.1 £ 0.2 to 3.0 £ 0.4
HA/cm? with a parallel rise in Gy from 0.13£0.01 to 0.15£0.01
mS/cm? (N=6). Both increases were transient and partly recov-
ered within 3 min. A second rise was observed for both param-
eters, albeit with a much slower time course, reaching a maxi-
mum ca. 20 min after the addition of ATP for G at 0.16 + 0.02
mS/cm? and for I at 5.5 £ 0.5 pA/cm?. In the presence of
amiloride (50 M), the second phase of the increases in G and
I, was completely abolished, whereas the initial rapid response
remained. This indicates that the second phase of the changes
in G and I reflect Na* transport from the apical to the baso-
lateral border. When substituting CI- for SO, in the basolat-
eral bath, the first phase was overruled, whereas the second phase
was still expressed. This is consistent with the process of Cl” trans-
port from the basolateral to the apical compartment during the
first phase of the increases in G and I__. Our observations indi-
cate that basolateral ATP elicits the immediate activation of CI’
secretion followed by a much slower activation of Na* reab-
sorption. In a previous study (1), we observed similar responses
in transepithelial transport during hypotonicity, suggesting that
ATP, released across the basolateral border of the epithelium in
response to cell swelling, underlies the biphasic increases of I
and Gy in these conditions (2). Further investigations are
required to identify the receptors and the signal transduction
pathways involved.



20P Poster Communications

Jans D et al. (2000). Pfliigers Arch 439, 504-512.
Jans D et al. (2002). ] Physiol 545, 543-555.

This work was supported by the Fonds voor Wtenschappelijk Onder-
zoek Vlaanderen, Krediet aan Navorsers, Project FWO-V-1.5.215.05.

Where applicable, the authors confirm that the experiments
described here conform with the Physiological Society ethical
requirements.

PC37

Apical membrane targeting of ROMK2 (Kirl.1b) is
independent of N-linked glycosylation

V.M. Collins>!, G.J. Cooper? and S.J. White!

!nstitute of Membrane & Systems Biology, University of Leeds,
Leeds, West Yorkshire, UK and ?Department of Biomedical Science,
University of Sheffield, Sheffield, South Yorkshire, UK

The Kirl.1 family of inwardly rectifying K* channels (ROMK
1-3: Kirl.1 a-c) mediate K* secretion across the apical mem-
branes of the thick ascending limb and distal nephron (Hebert
et al. 2005). However, the mechanisms that determine apical
membrane targeting of Kirl.1 are not understood. N-Glycans
determine surface expression of a number of membrane pro-
teins (Muth & Caplan, 2003) and Kirl.1 contains a single gly-
cosylation consensus sequence (NXS/T) at residues 98-100. In
this study, we investigated the importance of glycosylation in
membrane targeting of Kirl.1b.

Filter-grown monolayers of MDCK type I cells stably express-
ing EGFP-Kirl.1b (WT) were treated overnight with cyclohex-
imide (CX: 20 pug/ml) and allowed to recover for 3, 6 or 24 h
either in the absence or presence of 10 pg/ml tunicamycin (TM)
to inhibit glycosylation (n = 3-5 separate experiments). In a sec-
ond series of experiments, monolayers of MDCK type II cells
were transfected with cDNA coding for WT or a mutant (N98Q:
made by QuickChange® mutagenesis) lacking the glycosylation
site (n = 3-5 separate transfections). Intracellular localisation of
EGFP-fusion proteins was determined by fluorescence confocal
microscopy in conjunction with labelling of the apical mem-
brane with TRITC conjugated wheat germ agglutinin (WGA) or
peanut agglutinin (PNA) for MDCK I or II, respectively.

In monolayers treated with CX for 17 h, WT levels were greatly
reduced and fluorescence was not evident at the apical pole of
the cells. When cells were washed and incubated in CX-free media
for a further 3, 6 or 24 h, the levels of fluorescence progressively
recovered to control levels, and co-localised with WGA, con-
firming targeting of the fusion protein to the apical membrane.
Following incubation with TM, the levels of WT fluorescence at
3,6 and 24 h were similar to that of untreated controls, but, with
time, the predominant species of the protein shifted from the
glycosylated (~70 kDa) form to the non-glycosylated (~67 kDa)
form, confirmed by SDS-PAGE and Western blotting (Ortega et
al. 2002). Nevertheless, the fusion protein was still expressed at
the apical membrane. Transient expression of MDCK II cells with
either WT or N98Q, resulted in fluorescence predominantly at
the apical pole of the cells, colocalising with PNA.

We conclude that polarized membrane targeting of Kirl.1b is
unaffected by either prevention of the addition of complex

oligosaccharides by tunicamycin, or by elimination of the N-
linked glycosylation motif, when expressed in either form of
MDCK cell type. These findings indicate that Kirl.1b protein is
transported to the apical membrane via a mechanism(s) inde-
pendent of glycosylation of the channel per se.

Hebert SC et al. (2005). Physiol Rev 85, 319-371.
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Gut hypoxia during major surgery is associated with increased
intestinal permeability, bacterial translocation, systemic sepsis
and multi-organ failure. K* channel activation represents a com-
mon response to metabolic inhibition in a number of different
cell types. Acute metabolic stress produced by 2,4dinitrophenol
(DNP) and deoxyglucose (DG) activates large conductance K*
channels in cardiovascular tissues, and small conductance K*
channels in liver and biliary cell lines. In the T, colonic adeno-
carcinoma cell line, mastoparan caused a 4-fold increase in para-
cellular permeability that was linked to increased basolateral
membrane K* conductance. Thus, modulation of K* channel
activity represents a potential target for reducing the risk of sys-
temic sepsis due to hypoxic intestinal injury.

The aim of the current study was to determine whether acute
metabolic stress leads to activation of basolateral K* channels
in human colonic crypts.

Biopsies of normal sigmoid colonic mucosa were obtained from
patients undergoing routine colonoscopy. Crypts were isolated
by Ca®* chelation (Bowley et al. 2003). Whole-cell K* currents
were measured using the perforated patch-clamp technique
(0.24mg/ml amphotericin in pipette), and single channel activ-
ity in the basolateral membrane was studied in the cell-attached
configuration. Cells were exposed to 100uM DNP + 5mM DG
to produce metabolic inhibition. Data are presented as mean +
1 SEM, with n, the number of experiments, and were compared
by Student’s paired t test.

Metabolic inhibition stimulated whole-cell currents within 5
minutes, with an increase in whole-cell conductance from 1.45
1 0.13nS to 3.29 £ 0.19nS (P<0.005; n = 11), and hyperpolar-
ization of the cell membrane voltage from -67 £ 3mV to -80 +
3mV (P<0.025), consistent with K* channel activation; these



