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Structures

• 1) Bound Ca2+

• 2) Dissociated Ca2+

$ wc -l *.pdb
8534 1IWO-A-domain.pdb
8534 1IWO-B-domain.pdb
16206 1IWO.pdb
8268 1eul.pdb
41542 total
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Ca2+-ATPase
• Cytosolic [Ca2+] effects muscle contraction, neurotransmitter 

release, glycogen breakdown, and oxidative metabolism.
• The concentration is maintained by Ca2+-ATPase, as transported 

across the plasma membrane, the endoplasmic reticulum, and the 
mitochondrial inner membrane.
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Three regions of 1EUL

4Three regions of 1IWO

On right: absence of 
Ca2+, presence of 
thapsigargin (TG)

(Toyoshima, 2000)

(Toyoshima, 2002)



Normal Mode Math
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Software Tools for Normal Modes

• MMTK – NormalModes.py
• Tinker

– pdbxyz.f
– vibrate.f
– sizes.i (10000->30000)

• AMBER – nmode
– 122 Fortran files
– 17K lines

http://starship.python.net/crew/hinsen/MMTK/ 

http://dasher.wustl.edu/tinker/ 
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2377 bio01a@wart /gt/lib1/Library/amber7/exe> ./nmode

usage: nmode [-O] -i nmdin -o nmdout -p prmtop -c inpcrd
-r restrt -ref refc -v vecs -t tstate -l lmode -e expfile



Nmode script
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#!/bin/csh -f

# Sample Run Nmode Script

set AMBER1=/gt/lib1/Library/amber7/
/bin/rm nmode.in
/bin/rm nmode.out
/bin/rm heme.vecs
set DIR=$AMBER1
#
cat << eof > nmode.in
Test of normal modes on heme
&data ntrun=1, cut=12.0 , drms=12.0, nvect
=255, &end
eof

#
$DIR/exe/nmode -O \
-i nmode.in \
-o nmode.out \
-c min2.xyz \
-v heme.vecs || goto error
/bin/rm -f nmanal.out
cat << eof > nmanal.in
normal mode analysis, rms fluctuations
&data
ntrun = 1, nvect=255, iend=255,
pcut = 1e-3,
&end
eof
$DIR/exe/nmanal -O -i nmanal.in \
-v heme.vecs \
-o nmanal.out || goto error
exit(0)
error:
echo "Failure: run.nmode check .out and 
retry"
exit(1)



Deformation Energies
http://www.bioinfo.no/tools/normalmodes
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Normalized Squared Atomic 
Displacements & Vector Field
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Plot Modes – 1EUL
elapsed time (normal modes calculations) 236.86 seconds 

Architecture of 
Phosphorylation domain 
(D351 is phos. site)
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Normal Modes Illustrated

1) “Load State…”
1EUL-
mode7.vmd

2) “New Mol...”
1EUL.pdb
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Normal Mode Vectors Animated



Plot Modes – 1IWO – A chain
elapsed time (normal modes calculations) 246.61 seconds 

13



Plot Modes – 1IWO (2 prots)
elapsed time (normal modes calculations) 1359.03 seconds 
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http://molmovdb.mbb.yale.edu/molmovdb/nma/
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Normal Mode Movies –
Bound Ca2+

• First five modes
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Normal Mode Movies -
Dissociated Ca2+
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• First five modes



Flex factors
Bound Ca2+ Dissociated Ca2+
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Morphing between dissociated and 
bound structures

• Morphing is “adiabatic mapping”, but when 
applied in the CNS context means: 

1) Interpolate 
2) Minimize 
3) Repeat …
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Make Movies in VMD!

• Morphing (or another process )generates 
n PDB files

• $ source c:/animatepdbs.txt
• $ animatepdbs 0 32 "foo%d.pdb" 
• Hit “Go” in the VMD frame editor
• $ vmdmovie

(options, rendered, or bitmapped …)
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Morphing between two X-ray 
structures

http://molmovdb.mbb.yale.edu/molmovdb/morph/
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Future Directions
• MMTK uses deformation force field model

(every residue approximated by virtual atom centered at C-α position)
• Examining certain subsets of lowest modes is often desirable
• Refine global dynamics
• Calculate cumulative square of overlap between the mode and vector 

difference, as function of mode number, for closed and open forms
• Compare to homology models
• Remove certain areas, like P domain in 1IWO coordinates movement of 

transmembrane and cytoplasmic domains
• Compare hinge region results to MD simulation
• Acts as ensemble of rigid bodies, is α-helix always rigid?
• MMTK’s author, Hinsen, says, 

“If you do want to work with an all-atom model, but need only low-
frequency modes, you could try subspace normal modes with the 
Fourier space. Finally, if you want the high-frequency modes, just cut 
your molecule into pieces and study them separately. The biggest
protein complex I ever treated with MMTK had 8700 residues, I used a 
C-alpha model plus a Fourier subspace.”

(1EUL has 994 AA)
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