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Physical Bioinformatics - A Case Study

Sequence and structure information are the bedrock on
which an understanding of cellular functions and the
underlying physical mechanisms can be built. This lecture
llustrates how the two sources of information are
combined to investigate by means of the program VMD
function and mechanism of the aquaporin family of
membrane channels that transport water and certain small
solutes across cell walls. Introducing first the key
architectural features of a single aquaporin, structures and
sequences of four aquaporins are aligned and common
features recognized. The shared and distinct features are
examined closely and used as guideposts leading quickly
to key questions regarding the mechanism underlying
aquaporin's efficient conduction and selection.




The Aquaporin Superfamily
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Aquaporin Function and Human Aquaporins
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Water and Glycerol Channels
in the Human Body

Aquaporin-0

Eye: lens fiber cells
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Functionally Important Features
of Aquaporins

« Water, gas, and glycerol transport
* Exclusion of ions and protons

» Tetrameric arrangement in membrane

Aquaporins of known structure:

GlpF — E. coli glycerol channel (aquaglyceroporin)
— Fu, et al., Science (2000)

AQP1 — Mammalian aquaporin-1 (pure water
channel) -Sui et al, Nature (2001)

AQP1 - Bovine - Murata et al, Nature (2000)

AQPZ - E. coli water channel - Savage et al, PLOS Biol
(2003)

~100% conserved -NPA- signature sequence /\
N—{% =~ /\f_ C
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Load Aquaporin 1J4N into VMD
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Load Aquaporins 1j4n, 1fqy, 1lda, 1rc2 into VMD

000 VMD Main
File Molecule Graphics Display Mouse Extensions Help ene6 VMD 1.8.2b7 OpenGL Display k
ID T A D F Molecule Atoms Frames Vol r
PDB code | Description
1j4n Bovine AQP1
I:I:I | 3 == 1fqy Human AQP1
zoom [ [Loop ]| stepi-1 speed | i . .1
11da E. coli Glycerol Facilitator (GIpF)
(O ) O CGraphical Representations ) 1r2c E COli quZ
Create Rep | Delete Rep |
Style Color Selection
ColoriD 3 chain A
Selected Atoms
[cnain A |
"®06 Multiple Sequence Alignment
Draw style | Selections | Trajectory| Periodic| = T )
isthod (Riign Molecules... )
( Fighlight PDB )
( Pairvise RMSD )

_ Dot |

o (45 0
Resolution _}lﬂ

Apply Changes
Automatically PP

/

| ——

Sequence Display




Aligning Structures and Sequences
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Comparing Structures by Similarity - Q Value
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Comparing Structures by Similarity - Q Value
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Exhibiting Sequence Identity - Side View
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Exhibiting Sequence Identity - Top View
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Showing Conserved Residues - Monomer
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Showing Conserved Residues - Tetramer
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Water Transport in Aquaporins
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Osmotic permeability of water channels
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Dynamics of Protein, Lipid, Water System
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Glycerol Conduction

Inverted helices guide
glycerol
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Aquaporins Case study, see at
http://www ks.uiuc.edu/

Training/CaseStudies/
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