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a b s t r a c t

Mosquitoes that act as disease vectors rely upon olfactory cues for host-seeking, mating, blood feeding
and oviposition. To reduce the risk of infection in humans, one of the approaches focuses on mosquitoes’
semiochemical system in the effort to disrupt undesirable host–insect interaction. Odorant binding pro-
teins (OBPs) play a key role in mosquitoes’ semiochemical system. Here, we report the successful expres-
sion, purification of an odorant binding protein AaegOBP22 from Aedes aegypti in heterologous system.
Protein purification methods were set up by Strep-Tactin affinity binding and size-exclusion chromatog-
raphy. Analysis by SDS–PAGE and mass spectrum revealed the protein’s purity and molecular weight. Cir-
cular dichroism spectra showed the AaegOBP22 secondary structure had a pH dependent conformational
change. The protein functions of AaegOBP22 were tested by fluorescent probe 1-NPN binding assays and
ligands competitive binding assays. The results show AaegOBP22 proteins have characteristics of selec-
tive binding with various ligands.

� 2010 Elsevier Inc. All rights reserved.
Introduction

The success of host-seeking, mating, blood feeding and oviposi-
tion determine life history strategies of mosquitoes. Each of these
behaviors is mediated by both internal and external factors. The
most important external factor affecting mosquito behavior is olfac-
tory cue. Many behavioral expressions of mosquitoes are mediated
by olfaction [1,2]. For example, female Anopheles gambiae mosqui-
toes, which are the main vectors of malaria transmission in sub-
Saharan Africa, use olfactory cues to find human hosts and avoid
non-human hosts [3–6]. Aedes aegypti mosquitoes are carriers of
dengue and yellow fever, using olfactory cues for foraging and ovipo-
sition [7,8]. To reduce the risk of infection in humans, one of the ap-
proaches focuses on the semiochemical systems of mosquitoes and
other insects in the effort to disrupt undesirable host–insect interac-
tion. Indeed, the chemical ecology of mosquitoes is now widely
recognized as one area of investigation on which future vector-borne
disease control strategies may depend [3,9].

Perception of volatile semiochemicals in mosquitoes is medi-
ated, as for other insects, by chemosensory neurons segregated
within specific olfactory sensilla located mainly on the antennae
and maxillary palps [8,10,11]. These semiochemicals, such as pher-
omones, plant volatiles or animal odors are small hydrophobic
ll rights reserved.
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molecules which enter the antennae and other sensory organs
via pores and pass across the hydrophilic sensilla lymph surround-
ing the olfactory neuronal dendrites. The sensilla lymph containing
extremely high concentrations of odorant binding proteins
(OBPs)1, including the pheromone-binding proteins (PBPs) and
the so-called general odorant binding proteins (GOBPs), which sol-
ubilize and transport the odorant molecules from the porous cutic-
ular surface of the antennal sensilla through the sensilla lymph to
the G-protein-coupled odorant receptors (ORs) residing on the
olfactory sensory neuron [12,13].

Considerable progress has been made in the field of olfaction
with respect to mosquito–host interactions. The recent publica-
tions of A. aegypti OBPs and A. gambiae OBPs as well as ongoing
sequencing projects of other important mosquito vectors offer
new opportunities to advance our knowledge on mosquito olfac-
tion [14]. A. gambiae and A. aegypti are two kinds of the most stud-
ied mosquito species. AgamOBP1 is one of OBPs found from the
A. gambiae. By circular dichroism (CD) assays and AgamOBP1/bom-
bykol ligand binding assays, Wogulis et al. found the conforma-
tional change of AgamOBP1 led to a significant loss of ligand
affinity capacity when pH dropped from 7.0 down to 5.5 [3]. Li
et al. identified the recombinant protein A. aegypti OBP22 could
bind to a variety of chemical odors containing one or two benzene
1 Abbrevations used: OBPs, odorant binding proteins; PBPs, pheromone-binding
proteins; GOBPs, general odorant binding proteins; ORs, odorant receptors; CD,
circular dichroism; MW, molecular weight; CVs, column volumes.
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ring structures [7]. These characteristics of selective binding of var-
ious ligands widely exist in mosquito OBPs and the OBPs of Dro-
sophila melanogaster, honeybee, locusts and rat [1,15–17].

In our recent studies, we focused on developing a heterologous
system for producing OBPs, and studied the functions of the Aae-
gOBP22. In this article, we report the successful expression, purifica-
tion of AaegOBP22 by the way of Escherichia coli extracellular
secretion. Protein purification methods were set up by Strep-Tactin
affinity binding and size-exclusion chromatography. Analysis by
SDS–PAGE and mass spectrum revealed those protein purify and
molecular weight (MW). CD spectra showed the AaegOBP22 under-
went a pH dependent conformational change of secondary structure.
The protein functions of AaegOBP22 were tested by fluorescent probe
1-NPN binding assays and ligands competitive binding assays. The re-
sults show AaegOBP22 proteins have characteristics of selective bind-
ing with various ligands.

Our work provides a new approach to study OBPs; it will en-
hance the understanding of mosquitoes’ semiochemical system
and develop new disease control strategies against mosquitoes.
Moreover, our work will likely facilitate the design of bionic artifi-
cial nose based on nano-bio devices for a wide range of applica-
tions, from detection of infinitesimal amounts of odors, emitted
from diverse diseases and environment to develop artificial organs.
Materials and methods

Reagents and buffers

All common chemicals were obtained from either Sigma (St.
Louis, MO) or VWR International unless otherwise indicated.
Liquid growth medium used for E. coli culture was Luria–Bertani
(LB) medium. SDS–PAGE gels and protein standards were pur-
chased from Invitrogen (Carlsbad, CA). Protein purification mate-
rials were purchased from GE Healthcare Life sciences (Uppsala,
Sweden).

Buffer for E. coli culture (KPO4 buffer): 940 ml 1 M K2HPO4

+ 60 ml 1 M KH2PO4, pH 8.0. Buffers for Strep-Tactin column: (1) buf-
fer W1: 100 mM Tris–Cl pH 9.0, 150 mM NaCl, 1 mM EDTA, 1 mM
DTT; (2) buffer W2: buffer W1 + 0.2% Triton-X-114; (3) buffer E: buf-
fer W1 + 2.5 mM desthiobiotin. Buffer for S200 gel filtration column
(buffer S): 1�PBS buffer.
AaegOBP22 heterologous expression

AaegOBP22 (GenBank accession no. EAT42725) gene was se-
lected from GenBank. The plasmids with AaegOBP22 gene were
customized and ordered from GENEART (Germany). The vector
backbone of the gene is pET28a (+).

The AaegOBP22 plasmids were transformed into BL21(DE3)-
STAR-pLysS competent cells, then the cells were spread on LB-agar
plates, followed by overnight culture at 37 �C. The colonies from
LB-agar plates were selected and cultured in 5 ml of LB liquid med-
ium, plus 50 ll of 50% glucose, overnight at 37 �C with shaking. The
next morning, 1 ml of overnight culture was inoculated in 100 ml
of fresh LB liquid medium, plus 1 ml of 50% glucose, and cell cul-
ture was continued at 37 �C with shaking while monitoring growth
of the culture by measuring the optical density at 600 nm (OD600).
At OD600 of 0.6–0.8, 100 ml of culture was inoculated into 3 L LB,
plus 30 ml of 50% glucose and 90 ml KPO4 buffer. The cell culture
was continued again at 37 �C with shaking while monitoring
growth of the culture. Once OD600 reached 0.6 again, the tempera-
ture was decreased to 16 �C and after 20 min, the inducer was
added (1 mM IPTG). The concentration was monitored every 2 h
until harvested at 16 h post induction. All plates and LB liquid
media used here contained 25 lg/ml of kanamycin.
The harvested media were centrifuged at 10.000 rpm at 4 �C for
1 h in Avanti J-E (Beckman); decanted supernatant; corrected pH to
9.0 by adding 1 M NaOH while stirring the supernatant; added
100 mM PMSF and 100 lg/ml ampicillin; kept at 4 �C.

AaegOBP22 protein purification

Before loading on Strep-Tactin column, the supernatant was
added 0.2% TritonX-114 and filtered by using a 0.22 lm filter.
The Strep-Tactin column contained 10 ml Strep-Tactin beads (IBA
BioTAGnology, Germany). The supernatant was loaded on the
Strep-Tactin column by a peristaltic pump at a rate of 2 ml/min
at +4 �C cold room. After loading, the Strep-Tactin column was
washed with 5 column volumes (CVs) of wash buffer W1, and con-
tinued with 5 CVs wash buffer W2. For eluting the target proteins,
the Strep-Tactin column was connected to an Äkta Purifier HPLC
system (GE Healthcare). The target proteins were eluted with buf-
fer E over 5 CVs.

The elution fractions were tested by SDS–PAGE via Coomassie
blue staining. Those containing OBPs were pooled and concen-
trated by using a 10 kDa MWCO filter column (Millipore, USA).
To improve the purity of the protein, the concentrated proteins
were subjected to size-exclusion chromatography by using a Hi-
Load 16/120 Superdex 200 column (Amersham Pharmacia Biosci-
ences). The column was preequilibrated with buffer S. After
loading, the column was run with buffer S at 1 ml/min and column
flowthrough was monitored via UV absorbance at 280 nm and
215 nm. Protein fractions were collected using an automated frac-
tion collector. Peak fractions were then pooled, concentrated and
subjected to SDS–PAGE test. The concentration of purified proteins
was determined by a NanoDrop ND-1000 spectrophotometer
(Thermo Scientific, USA).

Mass spectrometric analysis

The mass spectrum was generated from a sample of AaegOBP22
monomer. MW measurements were made by LC–MS with MIT
Koch Institute Proteomics Facility’s QSTAR Elite quadrupole-time-
of-flight mass spectrometer.

Circular dichroism (CD) detection

The purified protein samples came from gel filtration fractions
and were concentrated to 6.3 mg/ml. In order to study the second-
ary structural change of AaegOBP22 in different pH environment, a
small amount of the concentrated AaegOBP22 were diluted with
PBS of different pH, from 5.0 to 9.0. The final AaegOBP22 concen-
tration using for CD experiments was 0.2 mg/ml, about 12 lM of
AaegOBP22 proteins. CD experiments were performed on Aviv
202 spectropolarimeter (Aviv Biomedical) with a 1 mm path length
QS quartz sample cell at 25 �C. The CD spectra were recorded from
190 to 240 nm of wavelength with 1 nm resolution and 2 s of aver-
age time. PBS of pH 7.4 worked as blank to correct the baseline. Re-
sults were expressed as the molar mean residue ellipticity (h) at a
given wavelength.

Fluorescent probe binding assays

Fluorescent probe binding experiments were performed with
2 lM AaegOBP22 solution in 50 mM PBS, pH 7.4. The fluorescent
probe 1-NPN was purchased from Sigma–Aldrich (USA). The probe
was dissolved in 10% v/v ETOH as 1 mM stock solution. To measure
the affinity of the fluorescent probe 1-NPN to AaegOBP22, the 2 lM
AaegOBP22 solution was titrated with aliquots of 1 mM 1-NPN
solution to final concentrations of 2–16 lM 1-NPN. Spectra were
recorded at 25 �C using a FluoroMax-3 spectrofluorometer (Jobin
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Yvon SPEX, USA) with a 5-nm bandwidth for both excitation and
emission. The excitation wavelength used for 1-NPN was 337 nm
and emission spectra were recorded between 380 and 450 nm.
Once the binding equilibrium has been reached, the relative pro-
portion of probe bound to AaegOBP22 was calculated by measuring
fluorescent emission (expressed in arbitrary units). For determin-
ing dissociation constant (Kd), the intensity values corresponding
to the maximum of fluorescent emission (407 nm) were plotted
against total 1-NPN concentrations. Kd was obtained with a stan-
dard nonlinear regression method using Origin 8.0 software.

The ligand competitive binding assays aimed to displace the
probe 1-NPN with competitive odors were performed with 2 lM
of AaegOBP22a and 2 lM 1-NPN, plus 4–24 lM odors, respectively.
Competitor concentrations causing a fluorescent decay to half-
maximal intensity were taken as IC50 values. The apparent Kdiss val-
ues were calculated as Kdiss = [IC50]/(1 + [1-NPN]/Kd) with [1-NPN]
being the free concentration of 1-NPN and Kd being the dissocia-
tion constant of the AaegOBP22/1-NPN complex.

Results and discussion

AaegOBP22 gene construction

Insect OBPs are very diverse proteins with an average of only
14% amino acid identity. In the studies of OBP motifs, these OBPs
have been classified as ‘Classic’ OBPs, which have a highly con-
served domain of six cysteine residues; ‘Plus-C’ OBPs, which have
at least two extra conserved cysteines and a proline immediate
after the sixth cysteine; ‘dimer’ OBPs, which contain two Classic
OBP motifs in tandem; and ‘Atypical’ OBPs with an extended C-ter-
minal region [8,18–22]. The majority of OBPs belong to the Classic
subgroup with their six cysteines paired in three interlocked disul-
fide bridges forming a compact structure, consisting mainly of al-
pha-helical domains defining an internal binding pocket [21,23].
A. aegypti is identified to have 34 Classic OBPs, 17 Plus-C OBPs
and 15 Atypical OBPs. The identified Classic OBPs of A. aegypti have
an overall amino acid sequence similarity of 21.7%. Most of the 66
A. aegypti OBPs have a homolog in A. gambiae and similarities
ranging from 16% to 63%. It is likely that these OBP genes evolved
after the divergence of the two mosquito species A. aegypti and A.
gambiae about 150 million years ago [21,24].

For better understanding of OBP structures and functions, one
gene of Classic subgroup OBPs, AaegOBP22 gene, was selected from
GenBank (GenBank accession no. EAT42725) for recombinant pro-
tein expression. AaegOBP22 has a homologue AgamOBP9 in A. gam-
biae and a homologue OBP99a in D. melanogaster. Considering the
large scale of protein purification, an affinity tag, Strep-tag II, was
added at N terminal of the AaegOBP22 gene. Strep-tag II is a short
peptide (8 amino acids, WSHPQFEK), which binds with high selectiv-
Fig. 1. The DNA (A) and corresponding amino acid (B) sequence of synthetic AaegOBP22
an Aaedes Egyptii OBP22 gene (GenBank accession no. EAT42725). Translation start and
ity to Strep-Tactin, an engineered streptavidin [25,26]. For success-
ful heterogeneity protein expression in E. coli, signal sequence is
also a key factor. There are about 450 wild-type signal sequences
for E. coli cell envelope proteins [http://www.cf.ac.uk/biosi/staff-
info/ehrmann/tools/ecce/signals.htm]. In order to produce correctly
folded proteins, signal sequence must be cleaved off by signal pepti-
dases at the outer leaflet of E. coli inner membrane. At beginning, we
selected some sequences from these 450 wild-type signal sequences
as templates. By using computer software of signal sequence cleav-
age site prediction (see next paragraph), we found these templates
did not have high cleavage probability at the end of the signal se-
quences. Hence, we made some mutant signal sequences from these
templates, MNTLVTVTCLLGASLTVVA was one of these mutant signal
sequences, it had a correct cleavage site. Unfortunately, it did not
work. We did not detect AaegOBP22 in cell pellets or in extracellular
medium by Western blot analysis (First antibody was mouse mono-
clonal antibody/IgG1 specifications of StrepMAB-Classic, IBA cat. no.
2-1507-001. Secondary antibody for detection of StrepMAB-Classic
was rabbit anti mouse pAb, horseradish peroxidase (HRP) conju-
gated, IBA cat. no. 2-1591-001). The failure could come from E. coli
intracellular signal sequence recognition mechanism. Next, we
chose a wild-type signal sequence of E. coli outer membrane protein,
MKKTAIAIAVALAGFATVAQA is the signal sequence of OmpA, which
is a monomeric b-barrel membrane protein. It is one of the major
Omps of E. coli with�100,000 copies/cell [27–29]. Its main function
is to maintain structural integrity of the cell surface. We expected the
high copy number in each cell will bring high secretory production.
Moreover, by using cleavage site prediction tools, we found the wild-
type signal sequence had a high cleavage probability at the end of the
signal sequence. Finally, the AaegOBP22 proteins were detected to
exist abundantly in extracellular medium by Western blot analysis.
The new recombinant protein gene is shown as Fig. 1.

Signal sequence cleavage site prediction

AaegOBP22 cleavage site was predicted by using SignalP-NN
tools and SignalP-HMM tools (http://www.cbs.dtu.dk/services/
SignalP/). The SignalP-NN prediction result showed the most likely
cleavage site was between positions 21 and 22 (in the middle of
QA-AS) in AaegOBP22 amino acid sequence. The SignalP-HMM re-
sult also showed the same cleavage position with a cleavage prob-
ability of 0.923 (Figure not shown).

Isoelectric point and MW prediction

By using program ProtParam (http://ca.expasy.org/cgi-bin/prot-
param), the theoretical MW deduced from the AaegOBP22 amino
acid sequence beginning at ASWSH and ending at residues IKKDC
was 15951.9 Da, while the predicted isoelectric point (pI) of
gene. The gene was modified with N-terminal signal sequence and Strep-tag II from
stop sites as well as restriction cloning sites are indicated.

http://www.cf.ac.uk/biosi/staffinfo/ehrmann/tools/ecce/signals.htm
http://www.cf.ac.uk/biosi/staffinfo/ehrmann/tools/ecce/signals.htm
http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/SignalP/
http://ca.expasy.org/cgi-bin/protparam
http://ca.expasy.org/cgi-bin/protparam


168 G. Yang et al. / Protein Expression and Purification 75 (2011) 165–171
AaegOBP22 was 5.56. If the Strep-tag II sequence was not included,
the theoretical MW of AaegOBP22 amino acid sequence beginning
at SLGSG and ending at IKKDC was 14753.7 Da, corresponding pI
was 5.36.

The prediction results show that AaegOBP22 has similar pI and
MW to those of A. gambiae and D. melanogaster. The range of pIs for
the dipteran OBPs is between 4 and 10, a wider range than that re-
ported for the acidic pIs of lepidopteran OBPs. Thus the OBPs in the
dipteran species can be positively or negatively charged at the
physiological pH in insect antennae. The calculated MW of the Aae-
gOBP22 is in agreement with the MWs of other insect OBPs. The
MWs of the A. aegypti Classic OBPs are less than 15.5 kDa. Most
of the Plus-C OBPs have MWs between 17 and 25 kDa and the
Atypical OBPs have MWs between 25 and 35 kDa [21].

Protein purification and SDS–PAGE gel analysis

The Strep-Tactin column showed high binding affinity, the protein
production was about 13 mg from per liter E. coli culture medium
after Strep-Tactin elution process. In the second step of protein puri-
fication, AaegOBP22 proteins were purified by size-exclusion chro-
matography. The elution profile is shown in Fig. 2A. During gel
filtration separations, recombinant AaegOBP22 protein samples were
isolated in monomeric and dimeric forms, but the dimer production
was far lower than monomer production, therefore we used only
the monomeric form of the protein in subsequent studies. The final
production of AaegOBP22 (including monomers and dimers) was
about 5 mg pure proteins from per liter E. coli culture medium.

The samples eluted from the Strep-Tactin column were loaded on
SDS–PAGE gel, the pH values of protein samples were 7.5, 8.0, 9.0 and
10.0. The SDS–PAGE gel shows AaegOBP22 MW is near 15 kDa,
shown as Fig. 2B. The MW observed from SDS–PAGE gel is slightly
lower than calculated MW. Two reasons may be responsible for this,
one reason is the denature effect of surfactant SDS, which often
makes small protein move faster than that in native gel; the other
reason is the type of SDS–PAGE gel, although we used 10%–20% Tris
Glycine gel, the protein band of AaegOBP22 almost ran to the bottom
Fig. 2. (A) The elution profile of AaegOBP22 during gel filtration separations. (B) SDS–P
There were two or three samples of parallel test at each pH. The SDS–PAGE gel shows
AaegOBP22 is near 15 kDa, the lane marked (Mark) shows molecular weight standards. (
of the gel. In this case, the accumulation errors are apparent. Choos-
ing the gel with more high percentages of Tris Glycine could improve
the precision. Fig. 2B shows that the AaegOBP22 production is the
highest at pH 9.0, while the SDS–PAGE gel with two samples from
monomer fractions of gel filtration shows most other proteins have
been obviated, shown as Fig. 2C.

Mass spectrum analysis

Three sets of molar mass were obtained by LC–MS analysis.
Electrospray mass spectrum and corresponding MW spectrum
are shown in Fig. 3. The first set of molar mass was 14,574 Da
(measured; while calculated MW was 14574.5 Da), corresponds
to proteins beginning at STTED and ending at residues IKKDC.
The second set of molar mass was 13,672 Da (measured; calcu-
lated, 13672.6 Da), corresponds to proteins beginning at GSGEF
and ending at residues SLIKA. The third set of molar mass was
14,201 Da (measured; calculated, 14201.1 Da), corresponds to pro-
teins beginning at KSLGS and ending at residues SLIKA. The differ-
ence between measured MW and calculated MW from mass
spectrum data suggests that all six cysteine residues in AaegOBP22
are linked to form three disulfide bonds.

Secondary structure analysis

In Fig. 4A, the CD spectra show the secondary structures of Aae-
gOBP22 at pH 5.0–9.0. The CD spectra exhibit a helical-rich protein
profile with two minima at 208 and 225 nm. As the pH value de-
creases, the intensity of two minima increases, which suggests that
the a-helix content of AaegOBP22 increases at low pH. A similar
situation was occurred in silkworm PBPs; the protonation of acidic
residues in its C-terminus at low pH triggered the formation of an
additional a-helix, which occupied the binding pocket. In A. gam-
biae AgamOBP1, its a-helix content increased at low pH [3]. By
contrast, the a-helix content of Culex mosquito CquiOBP1, a pro-
tein homologous to AgamOBP1, was reduced at low pH thus imply-
ing possible unwinding of a-helix structure at low pH [30]. From
AGE gel with samples obtained from Strep-Tactin elution fractions at pH 7.5–10.0.
that the AaegOBP22 production is the highest at pH 9.0. The molecular weight of
C) SDS–PAGE gel with two samples obtained from gel filtration monomer fractions.



Fig. 3. Mass spectrometric data of purified AaegOBP22 protein. (A) Electrospray mass spectrum and (B) corresponding molecular weight spectrum.
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these we can see, even though these homologous OBPs have simi-
lar motifs, that they may have a different mechanism for pH-
dependent odorant binding. Although how C-terminus plays the
role is still not very clear in these OBPs, it is no doubt that the con-
formational change upon changing pH is associated with a loss of
binding affinity of odors to these OBPs.
Fluorescent probe binding study

Fluorescent probe binding assay results are shown in Fig. 4. The
fluorescent emission spectra were recorded at 25 �C of 2 lM 1-NPN
in the presence of 2 lM AaegOBP22 (solid squares); open circles
indicate the fluorescence of probes alone (2 lM) and solid circles
indicate protein solution alone (2 lM); excitation wavelength
was 337 nm for 1-NPN, shown in Fig. 4B. The saturation curve of
1-NPN onto AaegOBP22 (Fig. 4C) exhibits a dissociation constant
Kd of 3.4 lM, showing the presence of a single type of binding site
without any cooperativity effect.

The fluorescent intensity of the AaegOBP22/1-NPN complexes is
reduced with the increase of odorant concentration, while the de-
creased extent of ethyl vanillin is lesser than the other three odors;
the curves are shown in Fig. 4D. The calculated apparent dissocia-
tion constants (Kdiss), deduced from the half-maximal values (IC50),
are the highest for methyl benzoate and the lowest for cyclohexa-
none (Table 1). In any case, we notice that the ligand affinity for
AaegOBP22 correlates to the amount of fluorescent reduction,
which reveals the displacement (d) of probes by odors.
Conclusion

Our study of producing AaegOBP22 by using heterologous
expression system proves E. coli extracellular secretion to be very
useful way in obtaining correctly folded and active OBP proteins.
Our work provides a new approach to study OBPs; it will enhance
the understanding of mosquitoes’ semiochemical system and helps
to develop new disease control strategies against mosquitoes. Ra-
pid advances along several research fronts have laid the foundation
for a novel approach toward the design and development of a new
generation of vector-borne disease control strategies. Moreover,
our work will likely facilitate the design of bionic artificial nose



Fig. 4. CD spectra and 1-NPN fluorescent binding assays of AaegOBP22. (A) The CD spectra of AaegOBP22 at pH 5.0–9.0 show that two minima are around 208 and 222 nm,
which are typical of a fold with a majority of a-helical secondary structures. (B) Fluorescent emission spectra recorded at 25 �C of 2 lM 1-NPN in the presence of 2 lM
AaegOBP22 (solid squares); open circles indicate the fluorescence of probes alone (2 lM) and solid circles indicate protein solution alone (2 lM); excitation wavelength was
337 nm. (C) Saturation binding curve of 1-NPN. The 2 lM AaegOBP22 solution was titrated with aliquots of 1 mM solution of 1-NPN up to the final concentration of 16 lM.
Using an excitation wavelength of 337 nm, emission spectra were recorded between 380 and 450 nm. Intensity values corresponding to the maximum of the peaks (407 nm)
were plotted against total 1-NPN concentration. (D) Competitive binding assays of 1-NPN with several odors. Fluorescent intensity values of probe–protein complexes were
assigned to 100% in the absence of competitor, and plotted against total ligand concentration, experimental conditions were as above. All spectra have been subjected to
background subtraction.

Table 1
Affinity of ligands for AaegOBP22 in competitive binding assays.

Ligands Structure d% IC50 Kdiss

Acetophenone 28.9 4.2 2.64

Ethyl vanillin 20.3 5.85 3.68

Methyl benzoate 32.7 6.3 3.97

Cyclohexanone 30.9 2.8 1.76

Note: Solution (2 lM) of the protein containing 2 lM 1-NPN were titrated with ligands to maximum concentrations of 24 lM. d,
maximal percentage of displacement reached at high ligand concentration; IC50, ligand concentration provoking a decay of fluorescence
of half-maximal intensity; Kdiss, apparent dissociation constant obtained by Kdiss = [IC50]/(1 + [1-NPN]/Kd) with [1-NPN] for the free
probe concentration and Kd the measured dissociation constants of OBP-probe complexes.
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based on nano-bio devices for a wide range of applications, from
detection of infinitesimal amounts of odors, emitted from diverse
diseases and environment to develop artificial organs.
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