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Working with Data

Aquaporins Increase Membrane Permeability to Water

(Textbook Figure 5.5)
[image: image3.jpg]Aquaporin increases membrane permeability to water.
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CONCLUSION

Aquaporin increases the rate of water diffusion across
the cell membrane.

ANALYZE THE DATA
Oocytes were injected with aquaporin mRNA (red circles) or a solution
without mRNA (olue circles). Water permeability was tested by incubat-
ing the oocytes in hypotonic solution and measuring cell volume.
After time X n the upper curve, intact oocytes were not visible:
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Why did the cells increase in volume?

What happened at time X?

Calculate the relative rates (volume increase per minute) of
swelling in the control and experimental curves. What does
this show about the effectiveness of mRNA injection?
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Introduction

Although water is a small molecule, its rate of diffusion through the plasma membrane is limited by the fact that water is polar, while the interior of the plasma membrane is largely composed of nonpolar hydrocarbon chains of fatty acids. In some cell types, such as kidney tubules and red blood cells, water movement across the membrane is much too rapid to be accounted for by simple diffusion through the lipid bilayer. For over a century, biologists had proposed that there must be a water channel in the membrane to allow for this rapid diffusion. At Johns Hopkins University, Peter Agre isolated a water channel protein by accident. A medical specialist in rheumatic diseases (conditions in which people often have adverse reactions to their own molecules), Agre was studying the Rh antigen, a membrane protein on the surface of red blood cells that can differ between people. Whenever he tried to purify the Rh antigen, there was another membrane protein that came along with it. This “extra” protein was also prominent in the plasma membranes of kidney cells. The protein’s amino acid sequence indicated that it was an integral protein that spanned the membrane and formed a channel, and Agre called it CHIP28 (“channel-forming integral protein, 28,000 daltons molecular weight”). The properties and tissue location of CHIP28 indicated that it might be a water channel, so Agre set out to prove it experimentally. He did this by inserting the channel into cells that did not express it, and then seeing whether they had increased water permeability. The experimental demonstration of aquaporins led to Agre being awarded the Nobel Prize in Chemistry in 2003.

Original Paper

Preston, G.M., T. P. Carroll, W. B. Guggino, and P. Agre. 1992.  Appearance of water channels in Xenopus oocytes expressing red cell CHIP28 protein. Science 256: 385–387.

http://www.sciencemag.org/cgi/content/abstract/256/5055/385
Links

(For additional links on this topic, refer to the Chapter 5 Investigation Links.)

Nobel Prize lecture by Peter Agre

http://nobelprize.org/nobel_prizes/chemistry/laureates/2003/agre-lecture.html
Website devoted to the structure and function of aquaporins

www.aquaporins.org
Analyze the Data
Question 1
The oocytes (immature egg cells) of the frog, Xenopus laevis are not permeable to water to a significant extent and do not express CHIP28 protein on their plasma membrane. In the experiment, CHIP28 protein was expressed in the oocytes by injection of the mammalian mRNA for this protein into the frog egg cells. At various time intervals after injection of either a buffer without mRNA (0 ng) or CHIP28 mRNA (10 ng), the proteins of the oocyte membrane were separated by gel electrophoresis and stained specifically for CHIP28 protein, or a minor variant of it (glyCHIP). A photo of the gel is shown below.
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Fig. 1. Potenta stncture of CHIP28 protein
and expression of CHIP28 in cocytes. (A) Po-
icted membrane topolagy of CHIPZ8 proten
lustating the orenation of fandem repeats
Enclosures roprasent he frst and seccnd ro-
peats within the CHIP28 proton. Black cicles
ach represent an amino acid resiiue that
‘orresponds toan denical rsicue in he oher
fepeal; gray cicles represen! consoaive
Substuions; who Grcies represent ether am-
0 acids not conserved between the repeats o
hose outsice of therepeals. Invacelular siuic-
uros are roprosonted at the botom of the
model, and exracelar sirucies f he fop
T mode precics tha repeats 1 and 2 are
orentod 180° 10 oach athr for oxamplo, ra-
celuiar loop B corresponds fo_extracelular
100p ). (B) Contact it of an immuncoictof
Puman REC mermbranes and Xenopus 00cy0s
injected wih 0 r 10 1g of i viro-ranscrioed
CHIP23 RNA. Afer ncubation for up 10 96
hours, the cocyles wera homogeized i 125%
(W) S0 (40 ), subjected o eectophoresis
on a 12% SOS poyacrylamde gel, and tans-
rred 1o nioceluose, A contact pent of an
immunobio ofred call membrancs (05 wg of
protein) and solubized oocyles (10 ) s
Shown atar ncubation i a 11000 cikion of
ant CHIP28 (11, 12) an visuakzalon with ™
Iabeled protein A (27, Posiions of CHIP28 and

Ngiyconsted CHIPZS (GYCHI) ae shown at
ot

membrane conductance and increased os-
motic water permeabilty (23). In con.
wast, when CHIP2S RNA-i
oocyes were compared to controk-
Gocyes with 2 two-clecrode volage
clamp, no newly expressed membrane cur-
rents were detected in oocytes immersed
in Ringer's solution (N = §), in Bart's
bufer wich uea subscituced for NaCl (N
2), or in Bare's bufier diluted wich dis-
iled wate 10 0% toniciy (N = 3) (23).
Thercfore CHIP2S docs mot sppesr to
function as an ion channel.

Osmotic water permesbilicy through wa-
terchannel s inbited by mereuriol sty
ey eagents and is restored wih redocing
agenes; difosionof wate through ipid iay-
e I unafcted by these reagents (1-3).
Incubation of CHIP2S RNA-injected
cocytes in 0.3 mM HiCl, reduced the o
motic water permeabilty; more complete
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g, 2. ncraased osmofc water pormeablty of
(CHIPZ8 ANA.ijcied Xenopus cocyies, Ater
72 hous, controkinecied and CHIP28 FNA—
inected (10 ng) oocytes were transiered from
200 mosh fo 70 mosM modified Bart's bufler,
and changes in size wero cbserved by id-
omicroscopy (19). (A) Osmotc swefing of
represertaiive confroLinjecied (open Gices)
and_ CHIPZB ANA-infected (Wled_sauares)
ocytes. Time of rupture is dencted (0. (B)
Phofos of inecied oocytes af incicated times.
Oocytes injected wit CHIP28 ANA (3 min) or
onlo (5 min) are denoted 35.
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inhibition resultedfrom incutation in 3 mM.
HgCl, (Table 1). When the CHIPZ8 RNA~
injested oocytes were incubated fist with
HgCl and then with B-mercaptoethanal,
inhibition was reversed, and the oocyics
sweled and ruprured. These reagent did ot
alter osmoric water permeabliy in control-
injested oocytes (Table 1)

‘We measured the osmic water perme-
abiliy in oocytes injected with increasing
amounts of in vitro-transcribed CHIP28
RNA. The quantiy of RNA injected pro-
duced conespording increases in osmotic
water permesabiity that reflcted the quansi-
ty of CHIP2S protein expresed (Table 2)
However, the relative osmoric water perme.
ability caleulaed per CHIP28 molecule in
nommal human RBCs (P, = 1.6 x 10
ems per molecule of CHIPZS) is greater
than that in gocytes expresing CHIPZS (Py
= 10 cmls per molecule of CHIPZ8)
(24). This suggests chat echer some of the
‘CHIP28 protin expressd in oocytes may be
apped within intrcellular compartments,
the organization of CHIPS in oocy excra-
celllar mermbranes may be suboptiml, reg-
ultory factors may be required, or the
ocyte cytoskeleton may impede more rapid
swelling.

“The characteristics of CHIP2S are alio
consistent with. other known features of
water channels, For example, () the toral
number of CHIP28 monomers in human red
cells 2. 10°) (11) s similar to the number
of waterchannelsestimated from biophyical
analyses of human RBCs (2.7 X 10) @)
(i the 28.5-KD molecular sie of a CHIPZS
monomer (11) s similar t the 30-kD func-

Table 1. iablion of osmotc water porme-
abily of CHIP28 ANA-injciod oocylos wih
HoCl.,and restoration wit p-mercaplosthano
(ME) Ao 72 hours, conirol or CHIP2B FNA—
injocted (10 ) oocyles were tealed as ind
catod. Some oocyies. were lef in slandard
Baris buflr pior 1o measurement of csmotc:
‘sweling at22°C. Oher oocytes were ncubated
5'min i Bars bufler contaning 03 M or 3
M HGCl, prior o gsmolic. sweling in the
presence of HoCl, Sil oher cocyles were
Incubated wih HoC, as descrbed, then re-
moved and incubated or 15 min 1 5 M ME
prior o osmotc swellng inthe resence of ME.
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o fedme A SD

niected __ (™. w
HoCl, ME oms x 10

Nw 0 0 279 1w 8
03 0 w3 92 2
03 5 24 22 2

cHPzs 0 0 210 a7 10
03 0 w7 37 3
30 0 a5 112 3
03 s s 508 3

0 sanard Govaien TN, rorbe o S8%




A. What data show that the appearance of CHIP28 was dependent on the presence of CHIP28 mRNA?

B. What are the CHIP28 and glyCHIP bands at the far left lane of the gel?

C. What time after injection would you suggest for further experiments on oocytes to test their water permeability?

Question 2 (from textbook Figure 5.5)
Oocytes were injected with aquaporin mRNA (red circles) or a solution without mRNA (blue circles). Water permeability was tested by incubating the oocytes in hypotonic solution and measuring cell volume. After time X in the upper curve, intact oocytes were not visible:
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A. Why did the cells with aquaporin mRNA increase in volume?

B. What happened at time X?

C. Calculate the relative rates (volume increase per minute) of swelling in the control and experimental curves. What does this show about the effectiveness of mRNA injection?
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