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Abstract

Anopheles gambiae (Agam) relies on its olfactory system to target human prey,
leading eventually to injection of Plasmodium falciparum, the malaria vector. Odorant-
binding proteins (OBPs) are the first line of proteins involved in odorant recognition.
They interact with olfactory receptors and thus constitute an interesting target for insect
control. We undertook a large-scale study of proteins belonging to the olfactory system
of Agam with the aim of preventing insect bites by designing strong olfactory repellents.
We determined the 3D structures of several Agam OBPs alone or in complex with model
compounds. Here, we report the first 3D structure of a member of the OBP C" class,
AgamOBP47, which has a longer sequence than classical OBPs and contains 6
disulphide bridges. AgamOBP47 possesses a core of six a-helices and three disulphide
bridges, similar to the classical OBP fold. Two extra loops and the N- and C-terminal
extra segments contain two additional a-helices and are maintained together by three
disulphide bridges. They are embrace the classical OBP core domain. The binding site of
OBP47 is located between the core and the additional domains. Two crevices are
observed on opposite sides of OBP47, which are joined together by a shallow channel of
sufficient size to accommodate a model of the best tested ligand. The binding sites of C*
class OBPs exhibit therefore different characteristics of their binding site, as compared
to classical OBPs, which should leave to markedly diverse functional implications.

The abbreviations used are: PBP: pheromone binding protem; OBP: odorant binding protein;
GOBP: General odorant binding protein; ESRF: European Synchrotron Radiation Facility;
OR: Olfactory receptor; SNMP: Sensory Neuron Membrane Protein; rmsd: root mean square
deviation.
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Introduction

Olfaction is a finely tuned sense and is able to detect and discriminate between thousands
of volatile molecules at low concentrations, some differing by only one or a few atoms.
Olfaction in insects relies on dedicated organs, the antennae, which gather the olfactory
neurons located at the base of a large number of sensilla [1]. Each sensillum can be considered
as an elementary module possessing all the components necessary for translating a chemical
signal into an electrical stimulus. The axons of olfactory neurons harbour olfactory receptors
(ORs), which are stimulated by odorant molecules [2-4]. OR bathe into the sensillary lymph
containing a large concentration of ~13-20 kDa proteins, the odorant binding proteins (OBPs)
[5, 6]. [5, 6]. The OBPs can convey signals from pheromones (pheromone-binding proteins,
PBPs), or from general odorants (general odorant-binding proteins, GOBPs) [7]. The OBPs
have been recently shown to be directly involved in the olfactory process [8-10]. In Drosophila
melanogaster (Dmel), a PBP (named Lush) changes conformation upon pheromone binding, a
trigger for OR activation [9]. By contrast, Antheraea polyphemus (Apol, a lepidopteran) ORs
can directly bind pheromones, but with less specificity and 1000-times less efficiency than
when presented by a specific PBP [10].

Several structures of PBPs and GOBPs have been characterised [11-17]. They exhibit
remarkable similarities, such as a six o-helix core, an internal cavity and three disulphide
bridges, features that define them as “classical OBPs”.. However, an in-depth look at the
structures shows significant differences at their C-termini, which have functional implications.
Lepidopteran PBPs, such as those from Bombyx mori (Bmor) or Apol, are the longest classical
OBPs. They possess a C-terminal segment of ~15 residues whose structure can adopt an o-
helical fold and is buried inside the PBP cavity at acidic pH. At neutral pH, the same segment
is elongated, located at the protein surface, and leaves the internal cavity free [11, 12, 18].The
OBPs Lush [13] (Dmel), ASP1 [14] from  Apis mellifera (Amel) or OBPI1 [15] from
Anopheles gambiae (Agam) are somewhat shorter and possess an elongated C-terminal
segment buried inside the protein core, forming a wall with the internal cavity. The last residue
is tightly bound by two strong hydrogen bonds via its carboxylic acid moiety to the protein
core. In Amel ASP1 PBP, a mechanism of domain swapping, depending upon the ligand and
pH, has been described [19, 20]. A third sub-class, including such as the PBP of the cockroach
Leucophera maderae [16] or ASP2 OBP from Amel [17], is even shorter, with their C-termini
ending at the cavity opening. We have named these three kinds of classical OBPs long, medium
and short C-terminus sub-classes, respectively [21].

The genomes of several insects are now available , eg those of Bmor [22], Dmel [23],
Amel [24], Agam [25,26] and Aedes [27], in which numerous olfactory proteins, ORs, OBPs
and chemosensory proteins (CSPs) have been identified. In addition to classical OBPs, the
large repertoire of OBPs reported is composed of several distinct other classes: OBPs with
only 4 cysteines, the C class [24], OBPs with a longer chain and 12 or more cysteines, the C*
class [28], and OBPs with a double domain of classical OBPs, that we term here “double-
OBPs” [23]. Many outliers, such as Bmor GOBP2 [29], do not fit in these large classes.

With the goal of determining the molecular features of a C* class OBP [28] (Fig. 1), we
have expressed, characterised and solved the crystal structure of OBP47 from Anopheles
gambiae (AgamOBP47). We show that AgamOBP47 has six disulphide bridges and exhibits a
new fold consisting of the classical OBP core, which is decorated with large loops and N- and
C-terminal extensions that form new open binding sites on either face of the OBP. We expect
that these differences might have significant consequences in terms of ligand binding and
function.

MATERIALS AND METHODS
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Protein cloning, expression and purification.

The protein was produced using Escherichia coli BL21 T7 (DE3) transformed with a
pET-5 b(+) expression vector containing the AgamOBP47 cDNA sequence [30]. Cultures of
T7 were grown in Turbo Broth medium supplemented with ampicillin and chloramphenicol.
Cultures were grown at 37°C to an ODggg of 0.6, induced by the addition of 1 mM IPTG, and
grown again for 4 h at 37°C. Cellular pellets were resuspended in lysis buffer (50 mM Tris, pH
8, 1 mM PMSF, 0.25 mg ml-1 lysozyme) and frozen at -80°C for at least 2 h. After rapid
thawing, they were treated with DNase, sonicated and centrifuged for 30 minutes at 14,000 x
g. Pellets were resuspended in washing buffer (50 mM Tris, pH 8, 1 M Urea, 0.1% Triton) and
centrifuged again for 30 minutes at 14,000 x g. The washed pellet was then resuspended with
solubilisation buffer (50 mM Tris, pH 8, 8 M Urea) and incubated at room temperature with
stirring for 30 minutes. Cellular debris was removed by ultracentrifugation (1 h at 100,000 x g
at 20°C). Refolding was performed after screening for the best’ conditions [31]. [3-
Mercaptoethanol (10 mM final) was added to denatured AgamOBP47 (diluted to 5 mg/mL),
and the mixture was stirred for 1 h at room temperature. Refolding was initiated by pipetting
the protein solution into 20 volumes of refolding solution (50 mM Tris, pH 8, 10 mM f3-
mercaptoethanol) with constant stirring at 4°C. The reaction was allowed to proceed for 24 h
at 4°C.

AgamOBP47 was then purified by ion exchange chromatography and gel filtration in the
absence of [B-mercaptoethanol. Anion exchange (Source 30-Q resin, Pharmacia) was
performed in 50 mM Tris, pH 8, with a 0-500 mM NacCl gradient. The protein was recovered
in the flow-through and concentrated on a 10 kDa cut off Ultrafiltration Membrane
(Regenerated Cellulose, Millipore). The sample was then applied onto a FPLC gel-filtration
column (Superdex S75 Prep Grade Column, Pharmacia) equilibrated with a buffer containing
15 mM Tris pH 8, 25 mM NaCl. Elution was carried out in the same buffer. The AgamOBP47
fractions were pooled and the mass of the protein was confirmed through MALDI-TOF mass
spectroscopy.

Biophysical characterisation

The integrity and monodispersity of purified AgamOBP47 were analysed by a
combination of UV spectrophotometry, multi-angle static light scattering (MALS), and
refractometry coupled on-line with an analytical size exclusion chromatography (SEC) column,
as described by Veesler et al. [32]. A 15-ml KW-804 column (Shodex) was used on an
Alliance HPLC 2695 system (Waters). The protein concentration was adjusted to 18 mg. ml-1
(~1mM) (Fig. S1). A buffer containing 50 mM Tris, pH 7.5, 50 mM NaCl and a flow rate of
0.5 ml/min were used for column equilibration and running. Circular dichroism spectra were
recorded using 0.1 mg/ml[TAgamOBP47 in 10 mM NaHPO4, pH 7.5 on a Jasco J-810
spectropolarimeter. Spectra deconvolution was performed between 190 and 260 nm with
CDNN software and confirmed AgamOBP47 as a a-helical protein.

Crystallisation of OBP47, structure determination and refinement.

Purified OBP47 was concentrated up to 12 mg/ml in 15 mM Tris, pH 8, 25 mM NaCl
using an Amicon concentrator with a 10 kDa cut off. Crystallisation screening experiments
were performed using several commercial kits with the sitting drop method and the nanodrop
technology with Greiner plates [33]. The initial crystallisation droplet contained 200 nl of a 12
mg/ml protein solution in 15 mM Tris, pH 8.0, 25 mM NaCl mixed with 100 nl of well
solution containing 36% PEG MME 5K and 0.1 M sodium acetate, pH 6.0. Optimisation
experiments led to crystals growth within 4-7 days in3 0 to 35% PEG MME 5K and 0.1 M
sodium acetate, pH 5.7 to 6.3.

In order to incorporate Cs” and I in the crystals, we saoked several crystals in synthetic
solutions containing 35% PEG MME 5K and 0,IM Sodium Acetate, pH6, with increasing
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concentrations of Nal and Csl, up to the final concentration of 0.5 M for each salt. Crystals
were frozen using a solution containing 35% PEG MME 5K and 0,1M Sodium Acetate, 0.5 M
Nal and 0.5 M of Csl, pH 6.0.. Diffraction images for 0.5 M Nal-0.5 M Csl-soaked crystals
were collected on the PROXIMA-1 beamline (SOLEIL) at wavelengths of 1.7712 A and
0.9537 A with an ADSC 315r detector. Data sets were processed using XDS and scaled with
XSCALE[34], resulting in a data set at 2.3 A resolution. The iodine positions were determined
with SHELXC and SHELXD [35] and subsequently used for SAD phasing using PHASER
[36]. These phases were improved by solvent flattening and histogram matching using the
program PARROT [37] assuming 45% solvent content, resulting in interpretable maps from
which the BUCCANEER program [37] was able to build an initial model comprising more
than 90% of the expected amino acids. A native dataset was collected at ESRF’s BM14 at 1.8
A resolution. Structure refinement was performed with AutoBUSTER [38] and alternated with
rebuilding using COOT [39] using TLS parameters. For the native data set, the Nal-Csl data
set was used as a starting model, and refinement was performed in the same way as previously,
resulting in a complete polypeptide chain (1-173) and 292 water molecules with R/Rge. of
18.7% and 22.3%, respectively, and all residues but one (Asn69) in Coot’s Ramachandran
preferred region. Figures were made with Pymol (http://pymol.sourceforge.net/), or Chimera
[40] (Table 1). The coordinates and reflection files have been deposited in the Protein Data
Bank at RCSB (http://www.rcsb.org/pdb/) with accession number 3PM2.

RESULTS

Overall structure of apo-OBP47

The 3D structure of AgamOBP47 was solved using remote SAD techniques with Cs”
and I as anomalous scatterers and a data set collected at 1.77 A wavelength with 2.3 A
resolution. Cesium and iodine from Nal/Csl crystal soaking provided a sufficient phasing
power of ~6 anomalous electrons per Cs" or I' ion. A native data set was further obtained at
1.8 A resolution, and the previous model was refined at this resolution (Table 1).

AgamOBP47 belongs to the C" OBP class, is 173 residues long and possess 13 cysteine
residues. The whole chain was built in the electron density map. Similar to classical OBPs, the
structure is mostly helical. However, eight a-helices are observed in OBP47 rather than six in
classical OBPs such as BmoOBP1 or.Lush OBP (Table 2). The OBP47 structure exhibits a
long N-terminal stretch of residues (residues 3-25) devoid of defined secondary structures
(helix or strand) and containing three Cys residues (Fig. 2A). They form three disulphide
bridges with Cys residues in the C-terminal segment (149-173), namely disulphide bridges 5-
170, 18-160 and 19-149. At residue 25, the long H1 helix (26-35) is followed by a kink and
helix H2 (37-45). Helix H1 establishes a disulphide bridge with a Cys residue localised in a 3-
turn (Cys33-Cys59). Helices H3-H7 follow and are linked by two disulphide bridges, 55-130
and 103-140 (Table 2). Two extensions are observed: a hairpin turn between helices H3 and
H4 (loop 64-72), a feature conserved in many classical OBPs, and a long connecting loop
between H6 and H7 (loop 119-131). The C-terminal segment begins with a long stretch of
residues (149-157) linking helix H7 to the C-terminal helix H8 (Table 2) and finishes at the end
of helix 8. Overall, the structure of AgamOBP47 appears rather flat with two crevices on
either side (Fig. 2B,C).

The OBPs may form functional homo- or hetero-dimers [30]. However, equivocal data
have been reported that do not allow for forming firm conclusions for or against dimerisation
of OBPs. Dimers have been observed for AgamOBP1, but the authors do not conclude that
this observation may also apply to solutions. In the case of OBP47, we observed a monomer of
19 kDA using multi-angle static light scattering (MALS)/ dynamic light scattering (DLS) and
refractometry (RI) coupled on-line with a SEC column (MALS/UV/RI/SEC) (Fig. S1). The
concentrations of these samples were ~1 mM. We used sample concentrations of ~0.6 mM in

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.
© 2011 The Authors Journal compilation © 2011 Portland Press Limited



Bl Biochemical Journal Immediate Publication. Published on 12 May 2011 as manuscript BJ20110522

THIS IS NOT THE VERSION OF RECORD - see do0i:10.1042/BJ20110522

our crystallisation experiments. The PISA server [41] identified a putative dimer in the crystal.
Its buried surface accounts for 1300 A?, 7.5 % of the total dimer surface. According to PISA,
this makes this complex unstable, with an evaluated AGgys of 1.1 Kcal, corresponding to a Kgg
of ~2 mM. Noteworthy, an OBP concentration of up to 10 mM was measured in the lymph.

Comparison of OBP47 with classical OBPs

Dmel Lush is the best-characterised OBP from Diptera and the OBP47 sequence
remotely resembles the Lush sequence. However, the best alignments were obtained when
structural data were included in the sequence alignment and when some Cys residues were
forced to be aligned (Fig. 3A). When the 3D structure of OBP47 was superimposed to that of
Lush, most of the secondary structural elements, helices, and disulphide bridges and some of
the loops overlapped (Fig. 3, Movie S1). Five helices are decently superimposed between
OBP47 and Lush: H1, H3, H4 and HS5, as well as OBP47 H7 with Lush H6 (Table 2). Helix 2
from both OBPs occupies different places in space, and two extra helices (H6 and HS) are
observed in OBP47 (Fig. 3B). When the conserved structures were compared to the non-
conserved structures, the latter ones form a crescent-shaped structure embracing the classical
OBP conserved domain (Fig. 3C,D,E). The two cavities identified in each face of the
molecular surface are formed at the interface between the conserved and non-conserved
domains (Fig. 3D,E).

AgamOBP47 putative binding sites

The molecular surface of AgamOBP47 does not have the usual features of the classical
OBPs. The internal cavity of classical OBPs is not observed in OBP47, but instead two shallow
crevices are observed on opposite faces and are linked by a channel of 8 A diameter (Fig.
2B,C, 3D,E and S2, Movie S2).

Binding site 1 (Fig. S2) is ~ 12 A'x 10-A and 14 A deep. The lips of the crevice are
mainly formed by the N-terminus segment 5-34,38-42 (Fig. S2A,B, blue area), which forms
three of its faces, whereas the last cavity wall is formed by the C-terminus segment 165-173
(Fig. S2A,B, red area). Of note, the carboxylic acid group of the last residue, Leu 173, forms a
strong hydrogen bond with His 34 atom ND1, a feature also found in classical medium-length
OBPs [13, 15, 19, 20]. The walls of the cavity are formed by numerous hydrophobic residues,
five aromatics (Phe, Tyr) and six aliphatics (Leu, Val, Met), Pro, Gly and one semi-polar
residue Thr (Table 3).

Binding site 2 (Fig. S2) is larger than site and is ~ 14 A x 11 A and 14 A deep. The lips
of the crevice are formed by the N-terminal segment 1-9 (Fig. S2C,D, blue area) and by the C-
terminal segment 165-173, which plunges from the surface into the protein (Fig. S2B, red
area). The C-terminal segment forms a common wall located between the two crevices. The
three last components of the crevice external ring are residues 45-52 (Fig. S2C,D, green area),
residues 103-112 (Fig. S2C,D, pink area), and residues 135-143 (Fig. S2C,D, yellow area).
The walls of the binding sites and channel are formed by some hydrophilic residues (Table 3),
and a large number of water molecules cover them (Fig. S2C,D,F). The absence of an internal
closed cavity, compared with classical OBPs such as Lush, results from the insertion of
segments or side chains inside the protein core, at a place where the internal cavity is located in
Lush. These insertions belong to the N- and C-terminal segments, residues 23-25 and 137, 141
and 145, respectively, and to three side chains of residues of helix H4 (Met 61 and Leu 77) and
helix HS (Tyr 81).

To investigate the binding capacity and geometry of AgamOBP47, we produced a model
of a complex with 4-hydroxy-4’-isopropyl-azobenzene (AZO), the best tested ligand of OBP47
[30]. We docked the azo moiety in the thin channel, while letting the more bulky aromatic
rings fit into the two lateral crevices. We then performed geometry optimisation using
REFMAC. The model revealed that AZO fits well in the cavity and makes contacts with all of
the residues from the cavities (Fig. S3, Table 3, Movie S2).
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DISCUSSION

The 3D structure of AgamOBP47 is the first reported structure from a member of the C*
class OBPs. Contrary to all other PBPs/OBPs with known structures, AgamOBP47 features
six disulphide bridges, eight o-helices, and no buried internal cavity. However, it clearly
evolved from classical OBPs by the adjunction of long, disulphide-stabilised N- and C-termini
to a central core, thus resembling many classical OBPs. Although some classical OBPs have N-
terminal extensions, such as Apis mellifera ASP1 [19, 20] or 4. gambiae OBP1 [15], or C-
terminal extensions, such as Bombyx mory PBP [11] or GOBP2 [29], these extensions are
much shorter. Moreover, an a-helix from classical OBPs is displaced in AgamOBP47 and an
additional long loop is present. As a result of these important changes, AgamOBP47 exhibits
two superficial crevices linked by an internal channel. This arrangement of surfaces and
channels has not been observed in any insect OBP nor in any chemo sensory proteins (CSPs)
[42]. However, Agam anti-inflammatory proteins, which form a tandem repeat of OBP
domains, also exhibit surface-located binding cavities [43]. Although the implications of these
changes are still unknown, they are likely related to the type of molecules that they are able to
bind: less bulky with hydrophilic extremities and relatively straight.

Class C* OBPs have not been observed in Hymenoptera or in Lepidoptera. To date, they
have been identified only in Diptera, Anopheles, Culex and Drosophila. They represent a
unique and major step from an evolutionary point of view. The evolution from classical OBPs
to the C" OBP class, as observed in Hymenoptera (e.g., Apis) and Diptera (e.g., Drosophila),
involved only usual changes in sequences except for mutations of two cysteines. Moreover, an
OBP presenting intermediate characters is observed in Apis mellifera (AmelOBP14). The
other interesting class of “double-OBPs”, i.e., proteins that possess a double classical OBP
motif, may have emerged by gene duplication and fusion, followed by functional differentiation
in OBPs and anti-inflammatory proteins expressed in the salivary gland [43]. However, it is
more difficult to decipher the mechanism by which the C* OBPs class evolved. The C* OBP
class is much more heterogeneous than the C or classical OBPs classes. They exhibit large
insertions/deletions of loops between disulphide bridges, different lengths of helices and
variable N- and C-termini (Fig. 1). Therefore, homology modelling is challenging, except when
using pairs of closely related members. For instance, AgamOBP47 presents 55% identity and
75% similarity with OBP48 (very abundant in antennae [30]) and only one gap. Both proteins
share comparable surface properties and binding sites, as assessed by modelling (not shown).
Considering that the termini form a large part of the binding cavities of C" class OBPs and that
AgamOBP47 is among the shortest ones, we expect large functional variability in the C* Class
OBP family through the formation of binding sites with different shapes and sizes.

Accession codes. The structure coordinates have been deposited to the Protein Data Bank
with accession code 3PM?2.
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FIGURE LEGENDS

Figure 1: Evolutionary tree and sequence alignment of C* OBPs from Anopheles gambiae.
The secondary structures (top line) were assigned according to the AgamOBP47 crystal
structure. The Cys and other conserved residues are depicted by white letters on grey
background. Other semi-conserved residues are depicted in grey and are boxed in grey. The
disulfide bridges are numbered 1 to 6. The signal peptides, identified with the SignalP software
at Expasy, have been removed [44]. Alignement has been performed with Multalin
(http://multalin.toulouse.inra.fr/multalin/ [45]) and ESPript [46]. The tree has been generated
with PhylOgenetic WEb Repeater (POWER at http://power.nhri.org.tw/power/home.htm)
[47].

Figure 2: Structure of apo Anopheles gambiae OBP47./A) Ribbon representation with
rainbow colouring mode from blue (N-terminus) to red (C-terminus). We identified eight o-
helices (H1-HS) as well as the Cys residues forming the six disulphide bridges (black numbers).
The single Cys residue is identified in italics. B) Molecular surface of AgamOBP47. The
shallow cavity is identified by a blue dot. C) This molecular surface has been clipped (blue line)
and rotated by 90°. The cavity mentioned in (B) is denoted with a blue arrow. On the opposite
side, a second cavity (green arrow) is related to the former one by a thin channel.

Figure 3: Sequence and structure comparisons of Anopheles gambiae OBP47 with
Drosophila melanogaster Lush. A) The secondary structures have been assigned according to
AgamOBP47 (PDB:3PM2) and Lush (PDB: 10OOH)[13] crystal structures. Conserved
residues have been boxed in red. The 6 extra Cys residues of OBP47 have been boxed in
green. The six disulfide bridges of OBP47 are numbered 1 to 6, while the three disulfide
bridges of Lush are numbered 4 to 6. Alignement has been performed as in Figure 1. B) stereo
ribbon view of the superimposed structures of AgamOBP47 (rainbow mode, blue to red) and
DmelLush (grey). The o-helices have been identified by white numbers(1-8; OBP47) and black
numbers (1-6; Lush). C) Ribbon representation of AgamOBP47, in the same orientation as in
(B). The structures which are conserved with Lush are depicted in violet (the « core »). The
non-conserved domains are the N-terminus (3-24 ; blue), the C-terminus (149-173 ; red), the
displaced domain 39-53 (light orange) and the additional loop 111-129 (light yellow). The
disulfide bridges are depicted by green sticks and numbered. D) Surface representation of
OBP47, with the same orientation and coloring mode as in (C). Note that the shallow cavity
(white arrow) is located at the interface between the « core » and the non-conserved domains.
D) Surface representation of OBP47, rotated 180° with respect to (D). The second cavity is
identified by a white arrow.
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Table 1. Data collection and refinement statistics.

Native OBP47 Nal-Csl OBP47
DATA COLLECTION
Beamline BM14 (ESRF) PROXIMA 1 (SOLEIL)
Space group /cell P4,2,2 /a=b=36.3 A, c=263.5 A P4,2,2 / a=b=35.6 A, c=263.2 A
Wavelength (A) 0.97625 1.7712
Resolution limits® (A) 36.3-1.8 (1.9-1.8) 45-2.3(2.36-2.3)
Rmerge” (%) 16.7 (55.1) 12.4 (46.4)
Nr. of observations® 201596 (21799) 135651 (5194)
Nr. unique reflections” 17578 (2484) 14657 (1027)
Mean((I)/sd(1))* 19.3 (4.0) 12.8 (3.41)
Completeness” (%) 99.8 (99.7) 99.2 (93.4)
Multiplicity® 11.5 (8.8) 9.25(5.1)
REFINEMENT
Resolution® (A) 35.0-1.8 (1.92-1.8)
Nr of reflections® 17530 (2756)
Nr of protein/water atoms 1307/292
Nr test set reflections 387
Rwork/Rfree” (%) 18.7/22.3 (21/26.2)
r.m.s.d.bonds(A)/angles (°) 0.010/1.01
B-wilson / B-average 23.4/26.5
Coot’s ramachandran
Preferred / allowed % 99.42/0.58

* parenthesis refer to the highest resolution bin.

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.
© 2011 The Authors Journal compilation © 2011 Portland Press Limited




Bl Biochemical Journal Immediate Publication. Published on 12 May 2011 as manuscript BJ20110522

Table 2: helical segments definition (A) and disulfide bridges localization (B) in AgamOBP47
structure. The signs =, # and ~ indicate that the hecices in the comparison are at identical, different or
similar postions, respectively.

A/
Helix Helix AgamOBP47 Helix Dmel Lush
OBP47 / Lush
H1 ~HI1 E 26 -S 35 T2-A18
H2 # H2 137 -M45 K24 -V 33
H3 = H3 C54-S63 S41-G56
H4 ~ H4 D73-T 85 N65-V77
H5 = H5 E91-D 108 M81-R93
H6 new S110-A118 -
H7 ~ H6 P132-E 148 E101 -N116
H8 new D 158 -Y 166 -
B/
Cys-Cys OBP47 Cys-Cys Lush | Domains
5-170 - N-term - Cterm
18 - 160 - N-term — Cterm H8
19 - 149 - N-term - Cterm
33-59 17 - 50 core H1 — core turn
55-130 46 - 103 Core H3 — core H5
103 - 140 92 -112 Core H5 — core H7 (H6 lush)
Cys 54 single
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Table 3: AgamOBP47 residues forming the two binding crevices, linked by the internal
tunnel, located on opposite faces of OBP46 (see Figures 3A and Figure S2A,B). Some of
these residues also interact with 4-Hydroxy-4’-isopropylazobenzene in the modelled complex

(labelled with *) (Figure S3).

Binding site 1 Binding site 2
Thr 21 Asn 3
Pro 22 Cys 5
Phe 23 * Thr 41
Leu 24 Gln 44
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