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Purification and some characteristics of recombinant insecticide-resistant
mosquito carboxylesterase B1 expressed inEscherichia coli
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Abstract

A recombinant insecticide-resistant mosquito carboxylesterase B1 was purified to homogeneity from anEscherichia coliexpression system.
After non-denaturing electrophoresis, active carboxylesterase B1 bands were identified using fast blue RR. Lineweaver–Burk plots of the
crude and purified CaE B1 indicate that this enzyme obeys Michaelis–Menten kinetics withKm value for malathion of 39.3 and 67.4 mM.
TheVm of purified enzyme is approximately 17-folds of the value determined in crude homogenate. Carboxylesterase B1 detoxification of
parathion had a major limitation which is the 1:1 stoichiometry. To improve the effectiveness of enzymatic detoxification, we developed
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n approach in which the catalytic activity of organophosphorus compound-inhibited carboxylesterase B1 was restored by havin
mounts diacetylmonoxime. It was demonstrated that repeated addition of 25 times the molar concentration of parathion to carbo
1 in the presence of 4 mM diacetylmonoxime every 2 h did not result in significant inhibition of the enzyme. Consequently the stoic
f enzyme detoxification is higher than 64: 1 for parathion.
2004 Elsevier Inc. All rights reserved.
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. Introduction

As the demand for agriculture produce increases, so in-
vitably does the need for pesticides. It is estimated that 4
illion ton of pesticides are applied to world crops annu-
lly for pest control, but less than 1% of the total applied
esticides generally get to the target pests[1]. Due to en-
ironmental concerns associated with the accumulation of
hese pesticides in food products and water supplies, there is

great need to develop safe, convenient and economically
easible methods for pesticide detoxification.

Currently bioremediation seems to be a promising ap-
roach for degradation of environment pollutants. The term
ioremediation in the context of the environmental sciences

s defined as the use of biological agents to reduce or elimi-
ate hazardous substances from the environment[2]. This can
ange from simply allowing indigenous organisms to degrade
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toxic substances under natural conditions, to the active
mentation of this process by artificial means. Moreover,
the contemporary revolution in biotechnology in which
combinant organisms or proteins can be produced, num
novel approaches of bioremediation are possible and s
be investigated.

Insects are able to survive a wide variety of physical
biological conditions due to their amazing adaptability.
ability to survive the defenses of their hosts has required
insects evolve unique metabolic mechanisms for detox
tion of a wide variety of compounds. Presently more than
insect species have demonstrated resistance to certain
cides, including the organochlorines, organophosphates
bamates, pyrethroids and newer Bt biopesticides[3,4]. Since
the resistant insects can in vivo detoxify many kinds of p
cides, the enzymes encoded by resistant genes of the i
must be very useful to degrade the pesticide pollutants i
environment. If we can produce large quantities of enzy
in a form which can be sprayed or applied in the field, resi
of the harmful chemicals can also be broken down[5].
141-0229/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
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Many insecticide-resistance associated esterases, a kind
of hydrolase, have been purified and characterized from sev-
eral insect species[4–6]. In our laboratory it was showed
that the organophosphate resistance ofCulexis mainly con-
ferred by the overproduction of esterase B1, which is the
result of gene amplification. Now this gene has been cloned
into the pET(28a)[7,8]. The transformant was observed to
express caboxylesterase B1 (CaE B1). In the present paper
we report the expression, purification, and some detoxifica-
tion characteristics of the CaE B1 fromE. coli. The enzyme
is now available in sufficient amounts for detailed structural
and degradation studies.

2. Materials and methods

2.1. Cell culture and medium

The transformedE. coli BL21 (DE3) with plasmid pET-
28a-B1 was established and stored at−70◦C. Inocula was
prepared by transferring the spores into a culture tube con-
taining 1–2 mL Luria–Bertani (LB) medium (tryptone, 10 g;
yeast extract, 5 g; NaCl, 10 g; kanamycin, 50 mg; per liter
distilled water, pH 7.0). After incubating for 18 h, this cul-
ture was inoculated into 20 mL of the same medium in a
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absorbance measured in a Beckman Du-650 (USA) spec-
trophotomer. Absorbance was measured at 555 nm for�-NA
and one unit of activity (U) was defined as 1�mol substrate
hydrolyzed per minute per milligram protein under the stated
conditions[10].

2.5. Purification procedure

Using metal chelation chromatography, the purification
procedure was performed. The buffer systems used in this
experiment were as followings: 8× binding buffer, 40 mM
imidazole, 4 M NaCl, 160 mM Tris–HCl, pH 7.9; 8× wash
buffer, 480 mM imidazole, 4 M NaCl, 160 mM Tris–HCl,
pH 7.9; 4× elute buffer, 4 M imidazole, 2M NaCl, 80 mM
Tris–HCl, pH 7.9; 4× strip buffer, 400 mM EDTA, 2 M NaCl,
80 mM Tris–HCl, pH 7.9; 8× charge buffer, 400 mM NiSO4.

All purification steps were performed at 4◦C. When the
column was charged and equilibrated, namely, when the bind-
ing buffer drained to the top of the column bed, the “crude
enzyme” was loaded on to the column. A flow rate of about
25 mL prepared extract per hour is optional for efficient pu-
rification. Then wash the column with 25 mL of 1× binding
buffer. After the binding buffer drained to the top of the col-
umn bed, 15 mL of 1× wash buffer were used to wash the
column. Finally elute the bound protein with 15 mL of 1×
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rlenmeyer flask. These precultures were used to inocu
L fermentor (BIOTECH-2001, Shanghai, China) cont

ng 2.5–3 L liquid medium. When the fed-batch fermenta
as performed, air supply was increase from 1 to 2.2 L
lowly, agitation speed from 600 to 1200 rpm. The pH
ontrolled at 7.0 by adding ammonia.

.2. Cell fraction

Bacterial cells were collected from the culture med
y centrifugation at 5000× g for 20 min. Cells were resu
ended in 0.2 M phosphate buffer (pH 7.0) and incub
ith 50 mg/L lysozyme for 20 min at 30◦C. The sample
ere then lysed using sonication, applying to each 10
olume 10 circles of 15 s, alternating with 45 s cooling p
ds. Nucleic acids and other cell debris were then rem
y centrifugation at 12000× g for 15 min. The supernata
as designed “crude enzyme”.

.3. Protein determination

Protein concentration was estimated using the meth
radford with bovine serum albumin as standard[9].

.4. Carboxylesterase B1 assays

CaE B1 activity was assayed with�-naphthyl acetat
�-NA) as substrate. The buffer system used was 0
hosphate buffer, pH 7.0. Substrate solutions were
quilibrated at 37◦C. 0.5 mL diluted enzyme solution w
dded to a final volume of 3 mL. The samples mixed
lute buffer. The elution solution containing protein (de
ined by Coomassie Brilliant Blue G250) was collected

oncentrated. The concentrated protein was stored at−70◦C
n glycerol 50% (v/v) for subsequent analysis.

.6. Electrophoresis

Sodium dodecyl sulphate polyacrylamide gel e
rophoresis (SDS-PAGE) was performed in a mini gel a
atus (BIO-RAD, MINI2-D), using the Tris–glycine disco
inuous system previously described[11] with 5% stacking
nd 8% resolving gels. Activity staining was performed
els from which SDS had been omitted. After non-denatu
lectrophoresis, gels were stained with fast blue

12,13].

.7. Detoxification of malathion by CaE B1

The rates of hydrolysis of malathion by CaE B1 w
onitored. The spectrophotometric method of Talcott[14]
as used to assay CaE B1 activity. In brief, the releas
thanol from hydrolysis of the substrate was coupled to
eduction of INT with alcohol dehydrogenase and NADH
phorase. The incubation mixture contained enzyme sol
16�g protein/mL) in 0.2 M phosphate buffer, pH 7.0, c
aining 437�g/mL INT, 25 U/mL alcohol dehychogenas
.8 mM NAD, and 0.1 U/mL NAD diaphorase. Reactio
ere started by injecting 5�l of 150 mM malathion (in ace

one) into the cuvette, making the final malathion conce
ion 300�M. This concentration was sufficient to saturate
arboxylesterase assayed in the studied.
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2.8. Detoxification of parathion by CaE B1 with
diacetylmonoxime (DAM)

The detoxification method of Caranto et al.[15] was
used. The incubation mixture in 0.2 M phosphate buffer, pH
7.0, contained 0.1�M CaE and variable concentrations of
parathion with or without DAM. Residual enzyme activ-
ity was determined after incubation at room temperature
for different intervals of time. In these studies two proto-
cols were used: (1) various concentrations of parathion were
added att = 0 to the reaction mixture to constitute different
parathion/CaE molar concentrations. At different time inter-
vals, residual activity of CaE was assayed; (2) to a series of
reaction mixtures, equal amounts to parathion were added at
t = 0. After 2 h, the first reaction mixture was discarded after
its residual activity was determined. To each of the remaining
reaction mixtures the same amount of parathion was added
and enzyme activity was determined in the second tube af-
ter another 2 h. This procedure was repeated numerous times
until the enzyme activity decreased to about 50% of its orig-
inal value. Residue CaE activity was plotted against the cu-
mulative concentration of parathion added to each reaction
mixture.
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Fig. 2. Activity-stained non-denaturing gels of extracts fromE. coli cells
used for expression.

protein displayed activity by activity-stained non-denaturing
electrophoresis with�-naphthyl acetate substrate (Fig. 2).

3.2. Purification

The purification protocol developed in this study took ad-
vantage of metal chelation chromatography. The His-Tag se-
quence binds to Ni2+ cations, which are immobilized on the
His-Bind resin using the charge buffer. After unbound pro-
teins are washed away, the target protein is recovered by elu-
tion with imidazole. This procedure resulted in rapid one-step
purification of proteins to homogeneity (Fig. 3). Previous

F r
e yme).
. Results and discussion

.1. Expression of carboxylesterase B1 in E. coli

In order to achieve high-level expression of CaE B
. coli, fed-batch cultures ofE. coli were used. It resulted
igh cell densities and large amounts of recombinant pro
data not shown). This conclusion was ascertained b
ppearance of clear band at a position corresponding
rotein of approximately 62 kDa (Fig. 1). Moreover, the targe

ig. 1. Expression of the carboxylesterase B1 inE. coli. Gel electrophores
f the crude extracts from cells without pET-28a-B1 (lane 1) and with
8a-B1 (lane 2).
ig. 3. SDS-PAGE of crude and purified CaE B1 fromE. coli cells used fo
xpression (lane 1: marker; lane 2: purified enzyme; lane 3: crude enz
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Fig. 4. Determination ofKm and Vmax of CaE B1 using malathion as a
substrate: (A) crude enzyme; (B) purified enzyme.

studies had suggested that this enzyme had a MW of 62 kDa
[16]. This experiment confirmed the findings for the purified
protein.

3.3. Detoxification characteristics

For organophosphorus compounds containing carboxyl
ester bond, such as malathion, the enzyme hydrolysis by
CaE B1 is based on the reversible acylation of a serine
residue within the active center of the protein. In this work
the kinetics tests were conducted with use of malathion as
the organophosphate reactant. Lineweaver–Burk plots of the
crude and purified CaE B1 (Fig. 4) indicate that this en-
zyme obeys Michaelis–Menten kinetics withKm value for
malathion of 39.3 and 67.4 mM. TheVm of purified enzyme
is approximately 17-folds of the value determined in crude
homogenate.

However, for many those organophosphorus compounds
containing no carboxyl ester bond, such as parathion, the CaE
B1 was firstly phosphorylated by the compounds. In this case,
the phosphorylated enzyme cannot be reactivated by water
and it is impossible to regenerate the free active enzyme[17].
Fig. 5shows the results of inhibition of CaE B1 by parathion
(the extraploted amount of parathion needed to completely
inhibited this amount of enzyme would be 0.1 nmol).
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Fig. 5. Inhibition of CaE B1 by parathion. The incubation mixture contained
0.1 nmol CaE B1 and increasing amounts of paraoxon in a final volume of
1 mL (0.2 mM phosphate buffer, pH 7.0). The mixture was incubated at room
temperature for 2 h, then residual CaE activity was measured.

4 mM DAM continued to neutralize repetitive additions of
parathion. A total of 2.5 nmol of parathion was neutralized
by 0.1 nmol of CaE B1 in the presence of 4 mM DAM (ap-
proximately 25 times more than the expected amount). This
continuous neutralization of parathion was further evident,
when progressively large than molar excesses of parathion
were added to CaE in the presence of DAM (Fig. 7). When
the total amount of parathion exceeded the molar concentra-
tion of enzyme by greater than 60, about 50% enzyme activity
was inhibited.

4. Discussion

The combination of genetics engineering and microbial
cultivation method has become a powerful tool for producing
recombinant gene products. In addition to genetic manipu-
lation, optimization of cultivation condition can also lead to
significant improvements in the production of heterologous
proteins fromE. coli. Fed-batch cultures ofE. coli are of-
ten used to attain high cell densities and large amounts of
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To improve the enzymatic detoxification of parathi
ne possible approach is to use a combination of enz
ith a specific uncharged oxime, such as diacetylmono

DAM). Fig. 6 demonstrated that CaE in the presenc
ig. 6. Reactivation of CaE in the presence of DAM after repeated add
f parathion. The reactivation of CaE B1 (0.1 nmol) by DAM (4 mM) w
arried out in the phosphate buffer (0.2 mM, pH 7.0) after repeated add
f parathion at 2 h intervals. The residual CaE B1 activity was measure
fter each addition of parathion.
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Fig. 7. Reactivation of parathion-inhibited CaE B1 by DAM. The incubation
mixture contained 0.2 mM phosphate buffer, pH 7.0, 4 mM DAM, 0.1 nmol
CaE B1, and the indicated molar excess of parathion in a final volume of
1 mL. The mixture was incubated at room temperature for 4 h, then residual
CaE activity was measured.

recombinant proteins[18]. The success of a fed-batch cul-
tivation to achieve high cell density depends on conditions
like feeding of essential nutrients in a suitable concentration
range, sufficient oxygen supply and relatively low cultivation
temperature, etc.[18,19].

The purification protocol developed in this study took ad-
vantage of metal chelation chromatography. Consequently
the crude enzyme was purified to electrophoretic homogene-
ity which would be used for more detailed kinetic investiga-
tion and detoxification research.

The use of enzyme to hydrolyze organophosphates has
been considered by other workers[20,21]. For organophos-
phorus compounds containing carboxyl ester bond, such as
malathion, the enzyme hydrolysis by CaE is based on the re-
versible acylation of a serine residue within the active center
of the protein. This acylation causes the release of the alcohol
moiety and of the corresponding covalently acylated enzyme.
This acylated intermediate is hydrolysed by nucleophilic at-
tack of water that releases the corresponding carboxylic acid
moiety, plus the free active enzyme again ready to initiate
a new catalytic cycle. On the other hand, for many those
organophosphorus compounds containing no carboxyl ester
bond, the first step is the phosphorylation of the enzyme.
However, in this case, the phosphorylated enzyme cannot be
reactivated by water and it is impossible to regenerate the free
a CaE
B
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detoxify organophosphate. This is possible because the OP-
inbibited CaE was reactivated in the presence of diacetyl-
monoxime.

With the contemporary revolution in biotechnology and
the current ease in which recombinant organisms can be
produced, numerous novel approaches to bioremediation are
possible and should be investigated. With industrialization,
and increasing world population, and increased demands or
chemicals, the reliance on natural degradative processes will
no longer be adequate for the preservation of a healthy ecosys-
tem. With recombinant technology, insect metabolic enzymes
can be used in bioremediation, either as single isolated gene
products or more likely in combination with existing biore-
mediation organisms.
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