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Abstract

The SHREC' - 3D Shape Retrieval Contest aims to
evaluate the effectiveness of 3D-shape retrieval algo-
rithms on wvarious types of data. In this particular
track the structure of three dimensional proteins is un-
der consideration. The Protein Database (PDB) of-
fers over 80000 protein structures. To cope with such
a huge amount of data automatic classification and
search tools get more and more important in biomolec-
ular research. Feature based approaches are known to
be the tool to provide a fast content based retrieval. In
this contest we want to evaluate such methods. Each
protein is attached with a fingerprint which is relying
solely on coordinates of the atom sequence of the pro-
tein, no further information is used. Four different
methods methods are evaluated.

1 Motivation

Proteins are linear sequences of amino acids which
fold into three dimensional structures. Throughout
evolution the amino acid composition can change, but
the three dimensional structure of the protein stays
conserved. The three dimensional structure of a pro-
tein is closely linked to its function. So, by finding sim-
ilar three dimensional protein structures, their function
and evolutionary linkage can be determined.

Molecular biologists are often interested in getting a
survey of the objects in a biomolecular database mak-
ing classification one of their basic tasks: To which
of the recognized classes in the database does a new
molecule belong? Several classification schemata such
as SCOP [1], CATH and DALI/FSSP are available in
the Internet. When a new object is inserted into the
database the supervision by experts that are very ex-
perienced and have a deep knowledge in the domain of
molecular biology is necessary in most cases. An effi-

cient classification algorithm is desired that can speed
up the classification process by acting as a fast filter
for further investigation.

While SCOP and CATH require classification by hu-
man experts, a fully automatic classification is available
from the FSSP database (Families of Structurally Sim-
ilar Proteins), generated by the DALI (Distance ma-
trix ALIgnment) system. The evaluation of a protein
query by the DALI method is very expensive; compar-
ing a single molecule against the entire FSSP database
currently takes an overnight run.

2 The task

The task of this competition is to classify protein
domains to one of the SCOP folds. The participants
were able to train their feature extraction algorithms
on the provided data set. One day before the end of the
competition, the participants were provided with a set
of 30 unknown protein domains. The query files had
contained all atoms of the protein domain and their
3D coordinates. The task was then to assign the query
protein domains to SCOP folds. Since the entire SCOP
database is divided into more than 970 folds, we limited
the task to assigning the unknown protein domains to
one of the 27 folds provided in the data set.

We provided a dataset, which consists of 685 protein
domains divided into 27 folds according to their SCOP
classification. We have chosen this dataset because it is
rather difficult, it does not contain any close-by related
structures. Thus, the performance differences between
the competitors become more apparent. For each pro-
tein only the atom positions are allowed to be used
for retrieval. No additional information like chemical
properties or others, e.g. temperature were allowed to
be used. The 3D coordinates were provided in the com-
mon pdb file format.



2.1 SCOP

In the SCOP! (Structural Classification of Proteins)
database published in 1995 all proteins of known struc-
ture are ordered according to their evolutionary and
structural relationship. The protein domains are hi-
erarchically grouped into families, superfamilies, folds
and classes The basic unit in SCOP is a protein do-
main. The domain is either a monomer or a part of a
protein and it should reflect a structure that did not
change throughout evolution. Since this definition is
very hard to measure by an algorithm, SCOP solely
relies on visual inspection by experts.

Each domain can be addressed either by an unique
integer (sunid) or by a concise classification string
(sces). For example, the protein with the PDB identity
1dlr has the sunid 34906 and the sccs 'c.71.1.1°, where
‘¢’ stands for the class, 71’ the fold, ’1’ the superfamily
and the last 1’ for the family. In the ’dir.des.scop.txt’
file the domains sunid, sccs and English names for
proteins, families, superfamilies, folds and classes are
listed. Also the sequence number where the domain in
the chain starts and ends is contained in this file.

A family consists of proteins which either have
residue identities over 30% or have similar structure
or functions. Globins and Triosephosphate isomerase
(TIM) are examples of protein families. A superfam-
ily consists of proteins with lower than 30% sequential
identity and a probable common evolutionary origin.
Examples for superfamilies are Actin-crosslinking pro-
teins. A fold contains proteins having same major sec-
ondary structures in same arrangement with the same
topological connections. The most interesting mem-
bers of a fold are those with low sequential similarity
where there exists an evolutionary link to the other
proteins of the fold. A class contains folds with simi-
lar secondary structure and is the most general way of
defining a protein structure.

3 Participants

In this track we had two groups participating:

e B. Li, Y. Fang, K. Ramani, D. Kihara (Purdue
University, USA)

e P. Daras, V. Tsatsaias (ITI, Greece)

The group from ITI participated with two different
methods:

e a three dimensional shape-structure comparison
method (Trace) [5]

Thttp:/ /scop.mrc-lmb.cam.ac.uk/scop/

e a graph based method (Graph) (not yet published)

Each group submitted a ranked list of the unknown
30 protein structures (See Figure 2) together with the
distance of each query to each protein from the 633
training set computed by their method. The submitted
ranked lists are available at http://Imb.informatik.uni-
freiburg.de/events/shrec07/results.html.  The SCOP
classifiaction [1] was considered as the ground truth.
Only the ATOM section of the PDB [2] files was pro-
vided.

We also compared the results to the classification
achieved by our method (LMB, Germany)[3]. Since we
organized the track, our results are out of competition.
But we want to emphasize here that our features were
not tuned on the 30 test proteins, we only used the
training set for parameter tuning.

4 Methods

Li et al. focus on the topology of each protein:
they use STRIDE [4] to detect the secondary struc-
ture, including the hydrogen bond. Then, they com-
pute the beta sheets (beta strands connected with hy-
drogen bond) and the order. For main class a, b, c,
d, g, and folds of a and g, they used the length and
percentage of alpha helix and beta strand to classify.
For each fold in each class b, ¢, d, they used the orders
to classify.

P. Daras and V. Tsatsaias submitted two ranked
lists computed with two different methods. The first
method (Trace) is described in the paper [5]. The sec-
ond method (Graph) is called 3D Protein Classifica-
tion Using Toplogical and Geometrical Information’.
The 3D objects are firstly segmented to their molecular
structure. Then, descriptors are extracted for each seg-
ment using spherical harmonics algorithms, and graphs
are constructed for the molecules. Next, a sub-graph
matching procedure is utilized in order to provide final
similarity distances between the graphs.

Our method (LMB) was proposed in [3]. The basic
idea of our approach is to obtain invariant fingerprint of
the 3D structure. Therefore, we use a group integration
approach. Practically the features can be seen as joint
histograms over spatial distances, sequential distances
and 2 angle-like quantities.

5 Evaluation

The ranked lists were evaluated by the following
simple method: The next neighbor in the ranked list,
meaning the protein domain with the least distance to
the query protein is considered and the query protein



is assigned to its class. One point is scored for the cor-
rect SCOP class only, two points for the correct SCOP
fold and zero points if neither of them is correct. The
maximal amount of points is 60, when the fold for each
query protein is correctly classified.

As can be seen in Figure 1, from the three submitted
methods , the team from Purdue performed (total score
45) best even though using simple features. The two
methods submitted by team ITI misclassified half of
the query proteins and their best method Graph scored
29 points. However, even better classification could be
achieved by the LMB team, total score 52.

The query set (Figure 2) was chosen randomly from
the 27 scop folds. Some proteins consisted of only one
domain, others (e.g. Protein2, Protein8, Protein23) of
several domains which were however all belonging to
the same fold. Also, the size of the protein domains
ranged from 31 amino acids (Proteinll) to 364 amino
acids (Proteinl6).
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Figure 1. Comparison of the methods in
terms of nearest neighbor classification.

Group Wrong | Correct | Correct | score
Class Fold
Purdue 5 5 20 45
ITI(Trace) 15 8 7 22
ITI(Graph) | 14 3 13 29
| LMB [ 2 | 4 | 24 [ 52 |

Table 1. The results of the nearest neighbor
classification according to the ranked lists
submitted by each group.

6 Discussion and Conclusion

It is astonishing that the very simple method from
Purdue is working so well in comparison to the methods

proposed by ITI. It seems that properties and frequen-
cies of secondary structure elements are a very impor-
tant information for the presented task. The method
(Trace) by ITI covers more the overall 3D structure, the
tertiary structure, and is less sensitive for secondary
and primary structure elements. Another issue is that
(Trace) uses a normalization approach (by the center
of mass) to obtain invariance against translations of
the 3D structure. This approach can be very unstable
when only partial structures are matching. Though
the (Graph) method works a little bit better but is
still worse. It seems that statistical features are the
better alternative than trying to establish one-to-one
correspondences by a matching approach. The good
performance of our method (LMB) could be explained
by the fact that it describes all structural levels uni-
formly. Primary and secondary structure elements are
described by cooccurences of small sequential and spa-
tial distances, the tertiary structure is contained in oc-
currences of larger distances.

In conclusion, we can say that this competition has
shown that statistics that rely upon low-level features
as primary and secondary structure are much more im-
portant for the protein retrieval task, than features of
the tertiary structure, that is the overall shape of the
protein.
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Figure 2. The evaluation dataset.



