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Abstract

Aquaporin 4 (AQP4) is the mercurial-insensitive water channel expressed abundantly in brain, especially the region
related with cerebrospinal fluid reabsorption and osmoregulation. The primary structure of AQP4 water channel was
elucidated but the molecular mechanism of AQP4 chamnel regulation is still unknown. To investigate the possible
regulation of AQP4 water channel by phosphorylation via various protein kinases, osmotic water permeability of
AQP4 expressed in Xenopus oocytes was measured by videomicroscopy technique.

Forskolin (10 uM) did not affect osmotic water permeability of oocyles injected with AQP4 cRNA, excluding the
regulation of AQP4 water charmel by protein kinase A. Osmotic water permeability (Py) of AQP4-expressed cocyles was
inhibited by the pretreatmeat of BAPTA/AM (up to 500 pM), an intracellular Ca™ chelator, and calmidazolium (100
M), a specific Ca”™*/calmodulin antagonist, in a dose-dependent manner, The inhibition of osmotic water permeability (Ps)
by the calmidazolium treatment was completely reversed by the addition of calyculin A (0.1 uM), a nonspecific phos-
phatase inhibitor. Phorbol 12-myristate 13-acetate (PMA), a protein kinase C activator, had biphasic effects on osmotic
water permeability in AQP4 cRNA injected oocytes depending on its concentration; 21% increase by 100 nM PMA, 35%
decrease by 1 tM PMA. These effecls were reversed with 2 UM staurosporine, a nonspecific PKC inhibitor.,

These results suggest that phosphorylation of AQP4 water channel by Ca”™/calmodulin kinase and protein kinase
C might regulate the osmotic water permeability.
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1. Xenopus Cooyieds AQP4 cDNAY U

7} In vifroo)l A AQP4 cDNA &4
Expression vectore]] 4+9]% DNAS
coli DH-5a)el| transformationA] 7] ampicllin 50 pg/mé o)

competent cell (E.

= LB agere) platings} vt Transform® single colony
£ LB broth (10% NaCl, 10% Bacto tryptone, 3% yeast
extract, 50 g/ md ampicillin}e] inoculation}d overnight
| YrslE Tk WSt cellel A miniprep protocold] whEk
plasrmd DNAE E2letgdd. o] DNAS Bam HI &4
2 147 A A=23 FY products 1% agarose
geloll #H7|d %] 200 base pair {(bp), 1.2 kb, 4 kbo]
band® ZHldteich. F91d DNAE=
o puntyE FGth AQP4 cDNA 1 pg Xba [22 377
9027t A= 3 proteinase K (500 pg/m)S 427 30%-7F
A& % phenol isoamylalcohol (PCI)=}

phenol extraction]-

: chloroform :

Vol 10 No.5 (2000, 10) / 457



chloroform 2. 2 extractdled 3 M sodium acetate$} ethanol
2 #A3AA pelletd diethylpyrocarbonate (DEPC)E ]
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2 53 A #35l3 modified Barth's solution® 2 thA] 53
MABE 3 stereoscope 3ol stage V-VIo| ] dale
oocyte®r A ale] 187 incubatorsl A overnight 4|71 &
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oocyte image 812 phase-contrast microscopes) 9EE
CCD cameraE $3)| computers]] digitalized data® 7}
A7 5] pixel 2 A2HEE programS ]88 oocytes]
surface areaE A& 4 920, oA AL surface area
ol F4E o8] Ao AWAL 5 Y30

= (4/3) % (area) < (area/T)"*

A7tel wlE ococyte volume?] AbtjEol wizlak =
d(V/Va)/dt= computert| Xy AETE curve fitting] 7]
9 swellingd & 271552 AFAY £ glen, 439
FiaE (Poe oful§4-L ot Add 5 ATH17]

Pr = [Voxd(V/Vo)/di]/[Sx Vw % (Osmy - Osmigy)]
Yo = initial oocyte volume
V = oocyte volume
5 = oocyte surface area

Vw = molar ratio of water

3. RN ARSE B 8l ARt

Age A}8g gda zAde &3 2} Barth's
solution (87.7 mM NaCl, 1 mM KCl, 24 mM NaHCO;,
15 mM Tris-Cl, 03 mM Na(NOsh, 0.7 mM CaCly, 08 mM
MgS0;, 100 pg/ml Na penicillin, 100 pg/ml streptomycin
sulfate pH 7.6), Ca’"free solution (100 mM NaCl, 2 mM
KL, 1 mM MgCly, 5 mM Hepes-tvis pH 7.5).

Ayl AHE Aok ohEe 2ok BAPTA/AM (1,2-
bis (Z-aminophenoxy) ethan -NN,N’N'-tetraacetic acid)
£ Molecalar Probes (Eugene, OR)A}6]A, mMessage
mMachine T3 Kite Ambion {Austin, TX)A] 4 Xba I,
Bgl 1L, Hind 11 @ Bam I I2 Promega (Madison, WI)
Apoll A, calmidazolium, calyculin 2 W-78- Calbiochem
{La Jolla, CA}AbelH, PMA (phorbol 12-myristate 13-
acetate), staurosporine = WzA] Ak Siema (St

Louis, MOMLIA| 915te] A1 Ssich
2 o

Fig. 2= AQPY cRNA (1 ng) 5 5% 50 u)9| &<
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g, 1. Propused membrane topology of AQP4 waler

channel based upon the hourglass model for aqua-
porins.
AQP4 is comprised of six presumed membrane bilayer-
spantning domains and [five connecting loops {A-E).
NPA amino acid sequence motif and two initiation
sites, upstream (M1) and downstream {M23), are indi-
cated. 5110 and 5180 are the potential sites of phos-
phorylation by protein lanases.
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Fig. 2. Increased osmotic water permeability of AQPE RNA-
injected Xenopus oocytes.
Oocytes were injected with 5 ng of i wto transcribed
AQP4 cBRNA (a) or 50 nl of water () at indicated
intervals after transfering from 210 to 70 mOsm
bulfer.
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Fig. 3. The effect of protein kinase A on osmotic water
permeability in AQP4 expressed oocytes.
AQP4 expressed (AQP4) or water mjected (None)
oocytes were incubated for 10 min in modified Barth's
soluhon alone {AQP4) or contaiing 10 uM forskelin
{AQP4 -+ forskolin) followed by exposure to the hypos-
motic shock, Data represent mean of 5 experiments
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h=h=4 Ca2+/ calmodulin-dependent protein kinase7} 2% o
qad #8E dAzkeAs gohs) 28 G/ calmodulin-
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o] MAE BFNE A g Fig. 5% calmidazoliuma2]
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ig. 4. The effect of intracellular Ca® level on osmatic

water permealdlity in AQPF4 water channel ex-
pressed cocytes.
AQP4 - expressed oocyies were incubated with various
concentrations of BAPTA/AM for 30 min and exposed
to the hyposmotic shock. Data represent mean & SEM
of 5 experiments.
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. 5. The effect of various concentrations of calmidazoli-

um on water permeability of AQP4 expressed
qocytes,

AQP4 - expressed oocyles were incubated for 10 min
in buffer containing various concentrations of cal-
midazolium, followed by exposure to the hyposmotic
shock. Data represert nean + SEM of 10 experiments.
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Fig. 6. The effect of Ca2+/ca1m0du]in-dependent kinase on

the osmetic waler permeability in AQP4 expressed
oocytes.
AL - expressed oocytes were incubated [or 30 min
in buffer alone (control), containing either 100 pM
calmudazolium (CMZ) or 0.1 uM calyculin, or both
{CMZ +calyculin), and ionomycin (5 pM), followed by
exposure to the hyposmotic shock. Data represent mean
TE6EM of 13 experiments.
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Fig. 7. The effect of PMA on osmotic water permeability
in AQP4 expressed oocytes.
AQP4 - expressed oocytes were incubated for 10 mun
in modified Barth's solubon containing various con-
centrations of PMA, followed by exposure to the hy-
posmotic shock, Data represent mean+SEM of 19 ex-
perimerits.
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Fig. 8. The effect of staurosperine on the osmotic water
permeability in AQP4 expressed oocytes.
AQP4 water channel expressed oocytes were incu-
bated for 10 min in buffer alone (control), containing
either 100 nM or 1 uM PMA alone, ar both PMA and
2 M staurosporine, followed by exposure to the
hyposmotic shock. Data represent mean--5EM of 15
experiments.
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Fig. 9. The effect of FPMA on the osmotic water permea-
bility in AQP4 or AQP-CHIP expressed cocytes.

AQP4 or AQP-CHIP water charmel expressed oocyles
were ineubated for 10 min in buffer alone {control), or
containing either 100 nM or 1 M PMA, followed by
exposure fo the hyposmotic shock. Data vepresent
meantSEM of 10 experiments.
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