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Absorptive cell:
Apical Basolateral

(lumen) (blood)
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Water pump
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Water pump
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Absorptive cell:
Apical Basolateral
(lumen) (blood)

SGLT1:

< > HZO < >
230-380 water molecules
per turnover

CI-




Water pump
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Absorptive cell:
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(lumen) (blood)
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Water transport by GLUT

1 Physiol 579.2 (2007} pp 345-361 345

Water transport by GLUT2 expressed in Xenopus laevis
oocytes

Thomas Zeuthen, Emil Zeuthen and Nanna MacAulay

Nordic Centre for Water Imbalance Related Disorders, Department of Medical Physiology, The Panum Institute, Blegdamsvej 3C, University of
Copenhagen DK-2200 N, Denmark



Absorptive cell:
Apical Basolateral

(lumen) (blood)

GLUT:

. < > HZO < >
40-110 water molecules
per turnover




Secretory cell
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Absorptive cell:
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(lumen) (blood)




Regulatory volume decrease

swelling




K* channels
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K* channels

\oltage -gated K* channels

Ca2*-activated K* channels “Leaky” K*channels Inward rectifier K*channels
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K* channel structure

6 TM




Xenopus laevis oocytes




Expression In Xenopus laevis oocytes
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Expression in Xenopus laevis oocytes
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Two-electrode-voltage-clamp setup




Volume changes of Xenopus laevis oocytes.

Hypotonic
Expression of K* channels
% 7
1101
S K K
© 105+
S
=
S 100
0 100 200 300
Time (s)
Hypertonic
I
__ 100
S
(¢B) -
L 95
=
S 90
0 10016 (6) 200 300



Volume changes of Xenopus laevis oocytes.
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Effect of volume changes on KCNQ1 channels
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Effect of gradual cell volume changes
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K* channels

\oltage -gated K* channels
Ca2*-activated K* channels “Leaky” K*channels Inward rectifier K*channels
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K* channels

\oltage -gated K* channels
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What about stretch ?

swelling




K* channels
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Stretch In a patch-pipette
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Stretch: BK vs. KCNQ1
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Stretch: BK vs. KCNQ1

BK is stretch activated, KCNQ1 is not
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Volume: BK vs. KCNQ1

KCNQ1 is volume activated, BK is not [ control
swelling
EEl shrinkage
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K* channels
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Slick (slo2.1) and slack (slo2.2)

pe COOH

- High conductance K channels

- Activation: Na and CI (slick and slack)
- Inhibition: ATP (slick)

- Expression: CNS, heart (?), other (?)



Shick 1s sensitive to cell volume
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Shick 1s sensitive to cell volume
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Slack 1s insensitive to cell volume
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Relative Current (%)

Mechanism ?
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Is PIP2 the answer ?

J Physiol 588.18 (2010) pp 3471-3483

KCNE1-KCNQ1 osmoregulation by interaction of
phosphatidylinositol-4,5-bisphosphate with Mg+t
and polyamines

Julien Piron'*, Frank S. Choveau'+??, Mohammed Yassine Amarouch'->*, Nicolas Rodriguez'-*,
Flavien Charpentier'-*+*, Jean Mérot!-??, Isabelle Bar6'** and Gildas Loussouarn’-*?

'INSERM, UMR 915, 'institut du thorax, Nantes, France
(CNRS, ERL 3147, Nantes, France

F Université de Nantes, UER de Médecine, Nantes, France
{CHU Nantes, Uinstitut du thorax, Nantes, France



Slick and Slack are sensitive to PIP2
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PI1P2 does not affect sensitivity to cell volume
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Slick/Slack channels
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Heteromers show graded sensitivity

Slick Slack
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Heteromers show graded sensitivity

Slick
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Slick and slack are well behaved




Absorptive cell:
Apical Basolateral

(lumen) (blood)




The heart

Electrical activity goes
_rapidly to AV node via
" internodal pathways.

{a) The conducting %
system of the heart /
SA
node
|
v
Depolarization
Int{:hmndm spreads more
pathways slowly across
|I atria. Conduction
". slows through
AV node,

Depolarization moves
rapidly through ventricular
conducting system to the
apex of the heart.

Depolarization wave
spreads upward from
the apex.



Cardiac actionspotential

+ 60 mV

-100 mV

Depolarisation

0: Na*-channel, SCN5A
2: Ca?*-channel, L-type

Repolarisation

1: K42, K43 K,14

2: HERG, KCNQ, K,1.5

3: HERG, KCNQ, Kir6.2

4: ’Leak’: 4TM K* channels



Abnormal myocardium
slow, one-way conduction
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Functional interaction: AQP — K* channels




Other
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Conclusion: a new regulatory mechanism

A number of transporters cotransport solutes and
water.

. Anumber of K channels are precisely regulated by
small changes in cell volume through functional
Interaction” with aguaporins.

. This may be an important regulatory mechanism in
cardiac myocytes and epithelial cells.

. The regulation is not mediated through membrane
stretch, phosphorylation, pH, Ca, ATP or PIP2

Slick and slack may provide insight .......
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