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During recent years Toll-like receptors (TLRs) have speaded a tremendous research interest
and the amount of sequenced relevant proteins grows expalherA critical step towards the
successful TLR structure modeling is to generate the leddah repeats (LRR) motif aided
sequence alignment between the target sequence and thiatesngHowever, because of the
irregularity of LRR motifs in TLRs, most TLRs have no LRR ateions in current databases,
and in those TLRs with LRR patrtitions, the indicated repaanber and the boundaries of
LRRs are quite different among databases. In order to peazidseful platform for structure
prediction and analysis of these sequences, we developfdLT@an XML based database
specialized for TLR structural motifs. Its original TLR semces were extracted from NCBI’'s
protein database. The LRR motifs as well as transmembragel B motifs for all known
TLR sequences are identified and annotated manually anchearbe used for the prediction
of protein structures via alignment and threading. Theltiegudatabase has been used for the
structure prediction of TLR7, 8 and 9.

1 Introduction

Toll-like receptors (TLRs) play a crucial role in innate iranity. To date, 13 TLRs have
been identified in mammalian, and equivalent forms of manthee have been found
in other vertebrate species. Under a structural view, thBsTtonsists of 3 parts: the
TIR domain inside the membrane, the transmembrane regidthenectodomain (ECD)
formed by 18 to 25 leucine-rich repeats (LRRS). It is justBE@D that is directly involved
in recognition of a variety of pathogens (ligands). Althbdgr most of these TLRs ligand
recognition specificity, downstream adapter molecules sigdaling pathway have now
been established, we still do not know much about their siratinteraction with ligands.
In 2005 the crystal structure of TLR3 ectodomain (ECD) waheed and recently the
crystal structures of TLR1/2 and 4 in respective complexils agonist and antagonist
ligands were shown. All these explained how the LRR basetfopia is adapted to
the recognition of ligands. However, with high throughpahgme sequencing projects
the amount of sequenced TLR proteins continues to grow expa@lly. It is clear that
the discrepancy between the rate at which novel proteinesemas are discovered and
the rate at which detailed structural information will betaibed from X-ray diffraction
or nuclear magnetic resonance spectroscopy (NMR) will inoet for the foreseeable
future. For this reason, there is a pressing need for theare@bethods to predict protein
structures from their sequence. The understanding of streictural interactions can help
us design vaccines, understand autoimmune diseases, famelttie correlates of immune
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protection. The TLR7, 8 and 9 constitute the TLR7 family whis one of the six major

vertebrate TLR families. They are all located in the endas@nd recognize nucleic
acids. Our objective is to construct models for TLR7, 8 and_®Dbbased on the structure
known TLRs and other LRR containing proteins.

2 Database Construction

TollML entries were originally extracted from NCBI protsimlatabase and PBRising
the search keys: toll* and tlr*, where the star (*) standsday suffix. The data were
then filtered semi-automatically to exclude TLR related ecales such as adaptors, pro-
tein kinases and transcription factors. The metabolicyayts information was then ex-
tracted from the KEGG-database for each TLR ehtrjside from the extracted infor-
mation, TolIML contains additional annotations, which s manually accomplished.
These annotations include LRR partitions, ligand infoioraand structural information
achieved through other projects or extracted from pubtisiréicles. The indicated num-
ber of LRRs and their boundaries in individual TLRs are qdifeerent among databases
or researchers. This difference reflects the irregulafityRR motifs in TLRs. We stan-
dardized the LRR definition and partitioned each TLR ECD ibRRs manually. The
generated XML-datafile was then stored in an XML-datathase

3 Contents of Database Entries

The current version (1.2) contains 2232 enfieE529 entries are of mammalian and the
rest are of non-mammalian. All entries are divided into 2dugs, from TLR1 to TLR23
and others. A special tag named TolIML label records whiaugran entry belongs to as
a quick search index. The entry distribution over differ€hR families is illustrated in
Tab. 1. Each entry in TolIML provides information of one TLRofein.

TLR 1 2 3 4 5 6 7 8 9 10-14 other total

Mammalia 55 92 77 921 47 46 71 55 83 81 2 1529
Non-mam 267 132 22 16 22 1 13 8 12 54 159 703
Total 322 224 99 937 69 47 84 63 95 135 161 2232

Table 1. The entry distribution of TLR families for mammaliaon-mammalian groups.

4 Construction of a Conformational LRR Database

Leucine-rich repeats are an array of 20 to 30 amino acid lontem segments. Every
segment is rich in the hydrophobic amino acid leucine. Thay pn important role in
protein-protein interactions, such as signal transduagtell adhesion, DNA repair, recom-
bination, transcription, RNA processing, disease resggaice nucleation, apoptosis and
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innate immune response. The first crystal structure of LRRaining protein, a ribonu-
clease inhibitor, was determined in 1993. It is a horsesblo@ped structure containing 15
LRRs with a parallel beta-sheet lining the inner circumfeeand alpha helices flanking
the outer circumference.

LRRs are present in over 6000 proteins from viruses to ewtasy For more than 80
of them the structure is known. In order to create a convémierkbench to carry out the
homology modeling and to manage the structure known LRR#fleand efficiently, we
decided to construct a conformational LRR database.

All leucine-rich repeats can be divided into a highly conseérsegment (HCS) and a
variable segment (VS). The HCS consists of an 11 or 12 restteéech with consensus
sequence LxxLXLxxN(Cx)xL, in which L stands for Leu, lle, Mar Phe, N stands for
Asn, Thr, Ser or Cys and x is any amino acid. A short beta-dbesgins always at the third
position. 4 L residues at position 1, 4, 6, and 11 particifratée hydrophobic core. The
side chains of asparagines (N) at position 9 form hydrogebbetween neighbor LRRs
in the loop structure. The VS of LRRs is quite different indémand consensus sequence.
It can contain a variety of secondary structures.

5 Protein Comparative Modeling

At present there are over 80 LRR containing proteins whoggalrstructures are available
in RCSB Protein Data Bank (PDB), including the ECDs of TLRB2nd 4. They provide
useful resources for homology modeling of TLR7, 8 and 9.

Comparative modeling, also called homology search, etglibie fact that evolu-
tionarily related proteins with similar sequences, hawveilar structures. The process of
building a comparative model is conceptually straightfardv First, Blast searches for
the sequence to be modeled (the target) against a datablsevari protein structures is
performed to find a most similar sequence (the parent). Tdssity is usually greater
than 35%. Second, an alignment is generated between thet tang the parent. This
sequence alignment is used to construct an initial modehésiones referred to as a
framework or template) by copying over some main chain aghel shain coordinates from
the parent structure based on the equivalent residue iretheesce alignment. At last, the
model is improved by energy minimization and molecular dyitzs.
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