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Sequence/structure/function: not an absolute relationship

Â We know that

ÂThere is no absolute rule to characterize these relationships

ÂStructure is more conserved than sequence

ÂStructure is highly redundant: relatively few distinct folds (800

distinct folds in SCOP 1.63). Then, the detailed description based on

atomic coordinates may be just too rich a set of descriptors. How can

we distill from this rich set of descriptors a reduced/essential

description?

Â All of the above suggest that perhaps our present descriptions of

protein physicochemical properties, structure in particular, are not yet

good enough for inferring functional properties. Therefore, there is a

need for refining these descriptions.
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Other motivations for new representations

Â Cooperative effects at multi-residue level are important in the 
function of protein molecules. The Cartesian coordinates 
provide a local description and therefore can not effectively 
capture multi-residue features. 

Â The function may be relatively robust with respect to small 
variations in the positioning of individual residues and more 
sensitive to larger scale characteristics. How can one discard 
details at scales too small to matter?

Â These aspects underscores the need for sets of parameters 
that allow a granular approach to the description of a protein 
structure, from the coarsest, shape related characteristics, to 
the most detailed features, similar in level of detail to those 
built into the Cartesian coordinates. 
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Coarse-grain to reduce representation

Â Example: How do we construct a surface representation 
starting from atomic coordinates?
Â In part by discarding details
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Coarse-grain to reduce representation

Â Example: How do we construct a surface 
representation starting from atomic coordinates?

Smooth transition between 

balls to blend them 

together by using a

ROLLING BALL (Connolly) 

or é

Ð
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Coarse-grain to reduce representation

Â Example: How do we construct a surface 
representation starting from atomic coordinates?

Smooth transition between balls to blend 

them together by using a rolling ball 

(Connolly) or MATHEMATICALLY by 

spreading the ñmassò of each sphere over 

a larger volume

Ð

Coulombian:  1=jx~j

Gaussian

Step function
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Coulombian blending

Â ñCoulombianò because it is the function 

describing the Coulomb potential created by 

a point charge

Â For a system of N atoms, the volume of the 

molecule  results from the superposition of all 

N Coulomb terms. The surface of the 

molecule is then just an isosurface of the field

Â Certainly, this differs in detail from the ñrolling 

sphereò approach, but it is in no way less 

physical

Â The nice thing: there is a well established 

path towards extracting reduced 

representations

Â So, how do we practically parameterize the 

field that describes the molecule?
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A bit of math
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Â The field at x (far) due to an atom at x1

Â In 1D binomial

Â In 3D the angle between direction counts too
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A bit of math
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Â The multipole moments form 2l+1dimensional ñvectorsò

Â For N atoms, the density (field) at a given point       is x~
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More about multipoles

Â They are extensions of familiar quantities from electrostatics such as: monopol 

(charge), dipole, quadrupole, etc

Â The higher the mpole order (high l) the smaller the spatial (angular) features. 

Â The mpole moments describe various types of deviations of the molecule from 

a spherical shape

Â They are described in terms of the same functions as the atomic orbitals 

(spherical harmonics) but, for multipoles, the radial dependence is more trivial.

Â Spherical harmonics describe waves on a spherical surface. Get an idea about 

spherical harmonics on the web,  ex: http://icgem.gfz-potsdam.de/ICGEM/potato/Tutorial.html,  

http://www.bpreid.com/applets/poasDemo.html

http://icgem.gfz-potsdam.de/ICGEM/potato/Tutorial.html
http://icgem.gfz-potsdam.de/ICGEM/potato/Tutorial.html
http://icgem.gfz-potsdam.de/ICGEM/potato/Tutorial.html
http://www.bpreid.com/applets/poasDemo.html
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The result: a multiscale representation
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Â The multipole moments form 2l+1 dimensional vectors and are the new 

coordinates describing the geometry of the molecule

Â Higher order mpoles (high l) describe smaller spatial (angular) features. 

By truncating the series of parameters, one can adjust the level of detail.

Â The level of detail is given by the 

largest rank, l, of mpoles retained in 

the representation
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Application to protein shape comparison

Â Norm
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Application to protein shape comparison

Â Reduced distance

Â Global distance
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Method

Â Comparison requires a consistent spatial 

ñregistrationò of the structures to be compared. 

Two options:

Á Canonical Reference frame (CRF)

Á Superposition
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Application to protein shape comparison

Â Defining a Canonical Frame

e~1 =
P

i = 0

Nà 1

(x~i + 1 à x~i) = (x~N à x~0)

e~2 =
2
1
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(x~i+ 1 + x~i) â (x~i+ 1 à x~i)

Â Axes

f eê1; eê2; eê3 = eê1 â eê2g

Â Other used conventions can not be applied here (principal 

axes frame not unique for example) 
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Test set

Â Used a set of representatives from the protein kinase-like 

superfamily (Scheeff, ED & Bourne, PE,  PLoS Comput. 

Biol., 2005): 31 proteins, 6 ATs (each from a different 

family) and 25 TPKs

Â Only catalytic cores were retained.

Â All amino acids retained except for portions of chains 

where at least one structure was unresolved
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Tests

Â Comparison with expert classification

Â How the method compares with the traditional rmsd
approach when both mpole and Cartesian distance can 
be calculated?
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Results

Â All amino acids in the 

catalytic cores retained 

except for portions of chains 

where at least one structure 

was unresolved.

Â Generally, the compared 

structures have different 

lengths.

Â Clear distinction between 

families.

Â Some clustering seen 

insideTPKs that reminds 

various known groups, even 

though there is little shape 

discrimination at this level.

Gramada, A and Bourne, PE, 2006, BMC Bioinformatics 7:242
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Results

Scheeff & Bourne Mutlipoles (lmax=8)


