
INTRODUCTION
Interleukin-1 (IL-1) is a cytokine which exhibits pleiotropic functions in a variety of cells of the
immune system e.g. B-cells, T-cells, monocytes, neutrophils and fibroblasts [1], and it plays a
pivotal role in the modulation of immune and inflammatory responses. A common feature of the
IL-1 family members is that they all adopt a β-trefoil fold despite their low sequence similarity.
A large number of IL-1 protein sequences have become available recently from a range of
vertebrate species and especially from bony fish, allowing greater insight into the evolution of
this key player of the immune system. However, structural information is currently limited to
mammalian IL-1, with structures having been deposited in the PDB only for human IL-1α,
IL 1β IL 1RA and murine IL 1β
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IL-1β, IL-1RA and murine IL-1β.
We have located in all published non-mammalian vertebrate IL-1β proteins the structurally
important residues critical for maintaining the β-trefoil fold [2], and we examine the relation and
degree of their sequence similarity. The β−trefoil is formed by twelve β−strands, creating five
two-stranded hairpins. Two of the hairpins (strands 4, 5, 8, 9) with N-terminal strand 1 and
C-terminal strand 12 form a six stranded barrel, Fig (1). The other three form a ‘hairpin triplet’
which caps one end of the barrel. The other end of the barrel is open. The interior of the barrel
consists of three layers of packed residues, top (T), middle (M) and bottom (B), whose side
chains fill the cavity, protruding from each barrel strand. Large hydrophobic residues occupy
these positions. The hairpin-triplet strands pack in a triangular arrangement and six residues, one
from each strand, pack against the core of the barrel, interlocking the triplet onto it. A total of 18
core residues have been identified in IL-1β [2], and are indicated in Fig. (1). These hydrophobic
residues have low solvent accessibilities and generally contact each other. Another characteristic
feature of this fold is that it is composed of three structural repeats (bbbLb: b for β−strand, L for
long loop) of about 50 amino acids, whose similarity is not readily apparent from the sequence.
However, structural alignment and superposition studies have enabled the detection of IL-1β
internal pseudo-symmetry, Fig. (2).
Upon binding to the receptor, the three Ig-like domains of IL-1R wrap around IL-1, Fig. (3).
Association of another protein, the IL-1R accessory protein (IL-1RAcP), which is homologous
and structurally similar to IL-1R, with the IL-1/IL-1R complex is required for cell activation, via
interaction of the cytoplasmic domains of IL-1RAcP and IL-1RI.
We have aligned all vertebrate IL-1β and used published mutation studies to examine which
residues of vertebrate IL-1β are implicated in receptor binding, how this interaction has evolved,
and which regions of the molecule define its agonist activity and mechanism of action. We find
that although there is a high level of variability of positions involved in receptor binding, the
mode of binding and overall shape of the ligand-receptor complex is probably maintained. On
the other hand, we find that the characteristics of those residues that are important for the fold are
well conserved.
A li i d l f IL 1β d d i d d h l d lli fA preliminary model of trout IL-1β produced using standard homology modelling software,
MODELLER [6], further supports the above observations. It is apparent that the main structural
differences between trout and human IL-1β lie in the loops between β-strands.

METHODS
We have used CLUSTALW [3] to align all currently
known non-mammalian mature IL-1b sequences
from X. laevis, chicken, carp, goldfish, turbot,
halibut, sea bass, seabream, red seabream, trout,
leopard shark and catshark [4, and references
therein]. We then made minor adjustments to
remove gaps within strands and place them into
loops. The resulting multiple alignment is shown in
Fig. (2). The three internal trefoil subunits are
shown in three separate layers in this figure. Based
on the alignment of Fig. 2, we have produced an
homology model of trout IL-1β using MODELLER
6]. Human IL-1β structure (PDB code 2I1B) has
been used as a template structure. The model has
been superposed to IL-1β and visualised, whilst
bound to its receptor (PDB code 1ITB) using
SwissProt DeepView v3.7 [5], Fig (4).

Figure 1. Ribbon representation of human
IL-1b (PDB file: 2I1B). The six stranded
barrel and the hairpin triplet are shown.
A-carbons of the core residues (see text)
are shown as Van der Waals spheres, while
their side chains are shown as sticks. The
three layers bottom (B), middle (M) and
top (T) of barrel core α-carbons are
apparent.
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Figure 3. Ribbon representation of IL-1b (blue) complexed to its receptor
IL-1R (grey) (PDB file: 1ITB) Receptor domains I, II, III are indicated by
roman numerals. (A) Receptor binding sites A and B are shown as Van der
Waals spheres, coloured orange and red respectively. Residues that are
involved in IL-1RAcP binding are shown as yellow Van der Waals spheres;
(B) As in (A), the complex is now rotated 180o around the vertical axis of
the paper plane; (C) As in (B), the complex is now rotated by 90o about the
horizontal axis of the paper plane.

Figure 4. (A) Superposition of a model of trout
IL-1b on human IL-1b complexed to its receptor
IL-1R (PDB file: 1ITB). The model is coloured
according to increasing RMS deviation from its
human counterpart (blue to red). Human
structure is represented as grey ribbons (B) As

A B

structure is represented as grey ribbons. (B) As
in (A), the complex is now rotated 180o around
the vertical axis of the poster plane.

Table 1: Synoptic Table of Loop Modifications (Insertions-Deletions) in the Aligned Fish IL-1β. 
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RESULTS
We find that within the mature peptides, overall sequence identity between fish and human
sequences is around 35%. Higher mammalian sequences typically show 70% or greater identity
to human IL-1β. From the multiple sequence alignment, it is apparent that the greatest sequence
similarity exists within the β-strands, while predicted loops connecting the β-strands show low
sequence similarity. Loop length is generally not conserved across species (Table 1).
Within the aligned fish species, the average sequence identity in barrel strands core positions
(T, M, B) is 45%, while in the hairpin triplet core positions it is 78%. Sequence identity within
only the M and B core barrel positions is 60%. Barrel strands, especially in the region close to
the barrel rim (Top-T) are close to the surface and display greater variability These residues

CONCLUSIONS

the barrel rim (Top-T), are close to the surface and display greater variability. These residues
are exposed to solvent and can be either polar or hydrophobic, Fig. (1), (2).
More importantly, the M and especially the B residues of the barrel are well conserved. In
barrel strands 4, 8 and 12 at the bottom position have a phenylalanine (human: F42, F101,
F146). Bottom residues from strands 4, 8 and 12 surround the barrel cavity and “pin” the
hairpin triplet to the core of the barrel. They occupy equivalent positions in the pseudo 3-fold
axis and although they are sequentially distant, they are juxtaposed in the tertiary structure. It is
apparent that in the core positions polarity/hydrophobicity is conserved in most of the
vertebrate species. Less well-conserved core positions show variation between vertebrate
superorders, but within each superorder usually a certain amino acid prevails. It is also notable
that sequence conservation exists in only a small number of positions, which presumably
stabilise the trefoil barrel and in the hydrophobic residues that interface the hairpin triplet to the
barrel, Fig. (2).
In loops that are involved in IL-1R binding the sequence identity in vertebrate IL-1β ranges
from 21% (Site B) to 28% (Site A), while in positions implicated in IL-1AcP binding is 32%
(Table 1). The trout IL-1β model reveals structural differences in loops that make contact to the
receptor, thus suggesting that the associations of IL-1β to IL-1R differ in trout, while the
overall structure is maintained, Fig (4).

A number of IL-1R Toll-like receptors including IL-1RI, IL-1RII, IL-1RAcP, IL-18R and ST2
have been recently discovered in salmon, trout and Japanese pufferfish, which will allow study
of species-specific ligand receptor interactions. Initial observations show clear sequence
similarity between mammalian and fish receptors and the same overall structure, while most of
the differences are located in the loops that interact with the ligand. Each species has evolved
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its own unique way of binding through ligand-receptor co-evolution. This is evident in loops of
the ligand that are involved in receptor binding, which display length and sequence variations
that suggest alternative associations between ligand and receptor, while the structural frame of
the core of the molecule is conserved. We expect that modeling studies, using existing human
and murine structures as templates will facilitate identification and detailed mapping of these
interactions. Protein docking studies may elucidate the way IL-1AcP is engaged to the
IL-1/IL-1R complex.
Evolutionary analysis of IL-1-receptor interactions and mutagenesis studies may prove useful
in the prediction of IL-1 function in vertebrate species, and in helping to identify significant
sequence and structural elements and receptor interactions. Knowledge about the β-trefoil fold
determinants may allow the design of novel engineered IL-1 with enhanced potency, stability,
and the desired agonist or antagonist features. Genetic engineering of loops utilising features
from other species may convey new improved features to the original protein. More
importantly, evolutionary analysis of the IL-1 system may also indicate new avenues for
therapeutic intervention.


