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Motivation

We want to represent protein function
with a structural motif. Given a motif, we
would like to quickly identify all proteins
that are functionally related in a
statistically significant way. It is difficult to
design motifs that have high sensitivity as
well as high specificity.

Problem statement:

What functionally relevant information
about a large set of proteins (such as the
whole PDB) can be stored in tables in a
scalable way such that we quickly find
matches to a point-based motif designed
with any method?

LabelHash Algorithm

The LabelHash algorithm consists of two
phases:

* Preprocessing phase. Hash tables are
built for a large collection of proteins.
The tables contain n-tuples of residues
that are close together and close to the
surface, indexed by their residue labels.

e Matching phase. For a given motif we
can instantly look up partial matches of
size n. Using a constrained depth-first
search partial matches are augmented
to complete matches.

Statistical significance of matches is
determined with a nonparametric model.

INnitial Results

The algorithm has been tested with
motifs for 20 enzyme (EC) classes. We
created LabelHash tables for the non-
redundant PDB at a 95% ID threshold.
On average, we obtained a false positive
rate of about 0.04% and a true positive
rate of 84%. The runtime varies from
minutes to hours, depending on the size
of the motif and the number of alternate
labels for each motif point.

The LabelHash program is accessible
through a web interface and available for
download at:

http://kavrakilab.org/labelhash/

®0O0 The LabelHash Server
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Define a motif
PDB id for motif: LADY
Chain id for motif: A
Max. RMSD for a match: 3A® 4A) A0 6A0) TAD
Larger values result in more
accurate matches, but take much
longer to compute.
Motif points:
The motif points are residue sequence numbers as they appear in the PDB file. Check all allowed one- W‘

letter residue names. If no |abels are checked for a residue, only the residue found in the PDB fileis
allowed. Motifs can consist of up to 10 points.
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A: Alanine, C: Cysteine, D: Aspartic Acld, E: Glutamic Acid, F: Phenylalanine, G: Glycine, H: Histidine,
I: Isoleucine, K: Lysine, L: Leucine, M: Methionine, N: Asparagine, P: Proline, Q: Glutamine, R: Arginine,
S: Serine, T: Threonine, V: Valine, W: Tryptophan, Y: Tyrosine
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Job Status:
Waiting for motif definition

Match Visualization

We have developed a plugin for Chimera
that can read in a file of matches and
visualize the results. Below, a motif (in
white) is shown superimposed on a
match (in green). The rest of the matching
protein is shown in ribbon representation.

e 06 \ UCSF Chimera

File Select Actions Presets Tools Fayorites Help
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In a controller window we can scroll
through a list of matches. The bottom
half of the window shows additional
information about the selected match.

806 X! ViewMatch - /Users/mmoll/motifs/lady_7A.xml

File Matches Column Selection Chimera Movie

EJ name | rmsd I pyalue depth ] score.

V 1djoA  1.12223 0.000575512 1.62756
YV 1dhia  1.12611 0.000619935 2.63062
V 2pifé  1.12612 0.000619335 1.463546
V luzgA  1.12661 0.0006139359 143279

: YV lgeDa 1.13561 0.000668627 1.50039
V 1hy3A 1.14734 0.000778144 1.3936
YV 1pznA 1.155389 0.000839455 1.6456
V 2azjd  1.15991 0.000304859 1.9772
V 2gj8A  1.16545 0.000374765 143272
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Chimera Model #11
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EC of 1ge0Da: 6.1.1.21

GO terms:

MOLECULAR FUNCTION: nucleotide, aminoacyl-tRNA, histidine-tRNA, ATP, ligase
BIOLOGICAL PROCESS: translation, tRNA, histidyl-tRNA

CELLULAR COMPONENT: cytoplasm

HEADER LIGASE 12-JUL-99 1QED

COMPND  MOL ID: 1;

COMPND 2 MOLECULE: HISTIDYL-TRNA SYNTHETASE;

COMPND 3 CHAIN: A, B; /

Change Match State
& ‘iable « Deleted « Purged

Load PDB file | PDBsum | Hide | Quit | Help |

Conclusion

We have developed a practical new
algorithm for partial structure
comparison. It is a highly sensitive and
specific method for matching structural
point-based motifs (designed with any
method). Typically, the number of false
positives iIs much smaller than the
number of true positives. The results are
easily visualized and analyzed In
Chimera. In addition, the LabelHash
output XML files with matches are very
amenable to post-processing. For
instance, matches can easily be
clustered or filtered out based on
additional constraints.
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