
Exploding Frog eggs…

Tim Herman

Teaching how is science done?



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."



Teaching the process of science…..

Imagine that….

…you were a graduate student in Peter Agre’s lab in the late 1980s”



What was known about aquaporin in 1992?

• Abundant protein in rbc membranes

• Cloned cDNA  →  mRNA transcript

• 269 amino acid protein



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

Isolation of the cDNA for erythrocyte integral membrane 
protein of 28 kilodaltons: Member of an ancient channel 
family         GREGORY M. PRESTON AND PETER AGRE

Proc. Nati. Acad. Sci. USA
Vol. 88, pp. 11110-11114, December 1991



Micro-injection of 
aquaporin (CHIP28) mRNA 

into frog oocytes

Gregory Preston



SCIENCE * VOL. 256 * 17 APRIL 1992



And now,….the molecular story



The 2003 Nobel Prize in Chemistry

Peter Agre
Johns Hopkins

Rod McKinnon
Rockefeller





1992 “Model” of Aquaporin

• Based on its Amino Acid 
Sequence 

• 6 Transmembrane Helices  

• 2-Fold Symmetry
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NATURE | VOL 407
5 OCTOBER 2000. pp599
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Agre “model”, 1992

Murata model,… 
based on x-ray 

diffraction, 2000



Let’s look at some models…..

Alpha Helix
 what’s so special about 7-helix bundles?

Aquaporin
at 3.8 Angstrom resolution

   … and now at 0.9 Angstrom resolution

Molecular Dynamics…  a computational model
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Why are transmembrane 
proteins often composed 
of bundles of alpha 
helices?
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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



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

http://www.ks.uiuc.edu/Research/aquaporins/
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Peter Agre… 
with his favorite model



…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
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