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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

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
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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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