




different lengths, resulting in slightly higher RMSD
measures than the ones obtained using the DS algorithm.
Still, the average RMSD is below 1.5 Angstroms. Even
with different loop lengths, the distribution of RMSDs
when using the MCL algorithm is similar to the distribu-
tion obtained with DS algorithm using fixed loop lengths
(Figure 3, Supplementary Figures S1 and S2).

Applications of the database

The previous ArchDB classification of loops was used as
gold standard to develop new methods for loop prediction
[e.g. (26)], as a test set in support-vector-machine methods
for the identification of b-hairpins (27), to search tem-
plates for protein modelling (15), for function prediction

(28), evolutionary conservation (29) and, more recently, to
understand and predict protein–protein interactions
(8,18). The new database provides new insights useful
for researchers focused on the structural/functional
features of protein loops [see Example 1 on the P-loop
in Supplementary Material; (30)] and improves the

Figure 1. Classification pipeline. Two different methods are applied to build the loop clusters (DS and MCL, see Clustering section and
Supplementary Material). Shown within brackets in each subclass is the consensus geometry of the clustered loops, i.e. distance, hoist angle,
packing angle and meridian angle [see definitions for loop geometry in the supplementary material, FAQs and in (23)].

Figure 2. Distribution of classified loops for each of the clustering
method as a function of loop length.

Table 1. The different loop types according to their flanking second-

ary structure

Type Type description All DS (%) MCL (%)

BK b-link 28 418 11 777 (41.4) 6054 (21.3)
BN b-hairpin 35 616 27 995 (78.6) 22 536 (63.3)
EG b-helix310 18 349 6950 (37.8) 8531 (46.5)
EH beta–alpha helix 42 442 23 364 (55.0) 19 661 (46.3)
GE helix310–beta 16 478 6829 (41.4) 7731 (46.9)
GG helix310–helix310 3498 704 (20.1) 23 (0.6)
GH helix310–a-helix 16 249 7537 (46.9) 10 141 (62.4)
HE a-helix–b 42 079 24 870 (59.1) 23 327 (55.4)
HG a-helix–helix310 14 472 5689 (39.3) 9133 (63.1)
HH a-helix–a-helix 35 294 18 200 (51.5) 19 503 (55.2)

The total number for each type as well as the number of each type that
has been classified is also shown.
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prediction of the structural conformation of loops (by
increasing the coverage of loop conformations and
the possibility to search among different loop-lengths).
Moreover, the annotation of external databases to the
classes and subclasses of loops, such as SCOP (3), GO
(31), ENZYME (32) or DrugBank (33), and the analysis
of interacting heteroatoms and known PDB sites, will help
researchers on the annotation of protein function. Finally,
the extension of the database of loops will also help to
improve the coverage on predictions of protein–protein
interactions, the detection of enabling/disabling loops (7)
and the annotation of binding sites.

DATABASE ACCESS

The database is available in the form of a user-friendly
web interface at http://sbi.imim.es/archdb. The classifica-
tion is accessible through a composed panel, which allows
users to visualize the entire hierarchy, i.e. loop type, loop
length, class and subclass, while the selected data is shown
in the main section of the web page. There are different
visualization modes for every step of the classification.
Clustering, type and length views offer useful statistics
of the loops included at each level, while class and
subclass views offer detailed information that defines

such levels. The alignment of the sequence, the secondary
structure calculated with DSSP, and the (fc) angles
defining the conformation of each loop [in codes as in
(16)] is provided in the details of the subclass. External
annotations of databases, functional sites from PDB and
heteroatoms found at distance shorter than 6 Å from the
atoms of the loops, are also shown in the detailed infor-
mation of the subclass. The enrichment of functions [in
GO terms (31) and ENZYME EC codes (32)], drug targets
[defined by DrugBank (33)] and SCOP domains (3)
provides a useful mechanism to annotate the subclass
and infer a putative relationship between function and
local structure. Additionally, a downloadable section
provides the user with a tab-formatted file containing
the most relevant data of the classification for local use.
Finally, a Frequent Asked Questions section provides
guidance on browsing and understanding the database.
In some relevant views (loop and subclass), the web
provides 3D visualizations both for each individual loop
and for the structural superposition [build with STAMP
(25)] and visualization of loops within the subclass.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online,
including [34].
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