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The Discovery of AQP1

“The field was essentially stuck, but following the well-
known scientific approach known as sheer blind luck,
we  stumbled upon the protein that is the answer to 
the question …

Do water channels exist?”

From Peter Agre’s Nobel Lecture

(…in the early 1990’s…)



2003 Nobel Prize in Chemistry

Peter Agre   Roderick MacKinnon

The Nobel Prize in 

Chemistry 2003 was 

awarded "for discoveries 

concerning channels in cell 

membranes" jointly with one 

half to Peter Agre "for the 

discovery of water 

channels" and with one half 

to Roderick MacKinnon "for 

structural and mechanistic 
studies of ion channels."



Science 256, 365-387 (1992)
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Appearance of Water Channels in Xenopus 

Oocytes Expressing Red Cell CHIP28 Protein
Gregory M. Preston, Tiziana Piazza Carroll,
William B. Guggino, Peter Agre*

SCIENCE * VOL. 256 * 17 APRIL 1992
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The Famous Exploding Frog Egg Experiment

Aquaporin mRNA micro-injected into Xenopus eggs
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Micro-injected 

CHIP28 mRNA

Micro-injected 

with buffer



1992 “Model” of Aquaporin

• Based on its Amino Acid 
Sequence

• 6 Transmembrane Helices

• 2-Fold Symmetry



NATURE | VOL 407
5 OCTOBER 2000. pp599



Agre “model”, 1992

Murata model,… 
based on x-ray 

diffraction, 2000
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Protein Exploratorium
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What is Aquaporin?



Why are transmembrane 
proteins often composed 
of bundles of alpha 
helices?



A lipid bilayer 
is ~ 3nm thick

An alpha helix makes on 
complete turn in 0.54 nm

3nm / .54 nm/turn  =  ~ 6 turns of an alpha helix to span a membrane.
(22 amino acids)

How many turns of the helix are 
required to span a membrane?



A molecular dynamics 
simulation from the 
Klaus Shulten group at 
UIUC

https://www.ks.uiuc.edu/Research/aquaporins/



The 2003 Nobel Prize in Chemistry

Peter Agre
Johns Hopkins

Rod McKinnon
Rockefeller
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The ion channels….  for K+ and Na+

These two ion channels are responsible for the action 

potentials that drive our neurons…

• They are very fast…

• They are very specific…

• They are regulated by voltage sensor 

domains…
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Why K+,… but not Na+



…and now,… yet another Nobel Prize-winning Channel Protein

2021 Nobel Prize in Physiology 
or Medicine  …. to David Julius

The Pain Receptor

A 2015 SMART Team ProjectTRPV1



Peter Agre with 
Aquaporin Model
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