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The gene encoding pyrethroid-hydrolyzing esterase (EstP) from Klebsiella sp. strain ZD112 was cloned
into Escherichia coli and sequenced. A sequence analysis of the DNA responsible for the estP gene
revealed an open reading frame of 1914 bp encoding for a protein of 637 amino acid residues. No
similarities were found by a database homology search using the nucleotide and deduced amino
acid sequences of the esterases and lipases. EstP was heterologously expressed in E. coli and
purified. The molecular mass of the native enzyme was approximately 73 kDa as determined by gel
filtration. The results of sodium dodecyl sulfate—polyacrylamide gel electrophoresis and the deduced
amino acid sequence of EstP indicated molecular masses of 73 and 73.5 kDa, respectively, suggesting
that EstP is a monomer. The purified EstP not only degraded many pyrethroid pesticides and the
organophosphorus insecticide malathion, but also hydrolyzed p-nitrophenyl esters of various fatty
acids, indicating that EstP is an esterase with broad substrates. The K, for trans- and cis-permethrin
and k.a/ Ky values indicate that EstP hydrolyzes both these substrates with higher efficiency than the
carboxylesterases from resistant insects and mammals. The catalytic activity of EstP was strongly
inhibited by Hg?*, Ag", and p-chloromercuribenzoate, whereas a less pronounced effect (3—8%
inhibition) was observed in the presence of divalent cations, the chelating agent EDTA, and
phenanthroline.

KEYWORDS: Pyrethroid insecticides; pyrethroid-hydrolyzing esterase; molecular characterization; kinetic
properties; Klebsiella sp. strain ZD112

INTRODUCTION and public health. Therefore, there has been a serious need to

Pyrethroid insecticides have been developed as alternativesievelop remediation processes to eliminate or minimize con-
to the recalcitrant organochlorine insecticides to control insects tamination in food and the environment. Microbial degradation
in crop production and around households for over four decadeshas been deemed the most influential and significant cause of
(1). Although the pyrethroid insecticides are much less toxic to Pesticide removal and a major factor determining the fate of
mammals than are many other ones, they are not free frompesticides in the environment. As a result, biological remediation
adverse effect( 3). These adverse health effects of pyrethroids is generally considered to be the safest, least disruptive, and
have been reported including suppression of the immune systemmost cost-effective technique for pesticide abatement. Carboxy-
after exposure, lymph node and splenic damage, carcinogenesidgsterases are a family of enzymes that are important in
and hormonal activity4). The historical concern about the use hydrolysis of numerous xenobiotic and endogenous ester-
of pyrethroid insecticides is their apparent toxicity to fish and containing compounds; they play an important role in the
aquatic invertebrates, often at concentrations of less thayill detoxification of carbamates and pyrethroids by the hydrolysis
(5). In addition, epidemiological accounts, clinical reports, and of ester bonds?®). Some pyrethroid carboxylesterases hydrolyz-
other laboratory studies indicate that pyrethroids possessing permethrin into 3-phenoxybenzyl alcohol and 3-(2,2-
estrogenic and antiprogestagenic activities as well as otherdichlorovinyl)-2,2-dimethylcyclopropanecarboxylic acid from
pesticides and have thus been classified as endocrine disruptorpyrethroid-resistant insects and mammal organs have been
(6). purified and characterized), but those enzymes often show a

As aresult of their widespread and repeated use, a great deaharrow substrate specificity and low activit§, @). Given that
of unused and obsolete pesticide is threatening the environmenipesticidal residues are comprised of a mixture of the pesticides,
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broader substrate specificities and superior kineti®s-(2); a of the insert of the plasmid pestP1 was reduced by usingrthdlll
similar feature may be observed in enzymes hydrolyzing restriction sit_e. The _result_ing DN_A fragment of 3.2 kb from plasmid
pyrethroid insecticides from bacteria. Although some pyrethroid- PestP1 was ligated into ldindlll-digested, dephosphorylated pUC18
degrading bacteria includinddacillus cereus SM3 (13), plasmid. The ligated DNA was introduced inf coli DH50; the
Pseudomonas fluoresceMsbrio hollisae Burkholderia picketti resulting cloneE. coli DH5a. (pestP3) was tested for its ability to
and Erwinia carotaora have been isolatedld), and a few hydrolyze p_ermeth”n thro_ugh S analyses' .
pyrethroid-degrading enzymes froBL. cereusSM3 andAs- Sequencing and Analysis of the Pyrethroid-Hydrolyzing Esterase

. . . - Gene.Sequencing reactions were performed using a BigDye Sequenc-
pergillus niger(15) have been purified and characterized, no

. . ing Kit according to the instructions of the manufacturer. The
further research on the nucleic acid level was report@i (n sequencing products were analyzed on an ABI 377 DNA sequencer.

the present study, we screeri€igbsiellasp. strain ZD112 and  Nucleotide and deduced amino acid sequence analyses, an open reading
found a novel pyrethroid-hydrolyzing esterase (EstP) with higher frame search, and multiple alignment, molecular mass, and isoelectric
activity and broader substrate specificities, as well as cloning, point calculations were performed using DNASIS software. A database
sequencing, and recombinant expression of its gene. To ourhomology search was performed with the BLAST program provided
knowledge, this is the first report so far on information about by NCBI.

the pyrethroid-hydrolyzing esterase gene from microorganisms.  Southern Blot Analysis. Total DNA from Klebsiella sp. strain
Further study is helpful to obtain an excellent detoxifying ZD112 digested with a restriction enzyme was separated with 1%

enzyme for use as a bioremediation agent. agarose gel electrophoresis, transferred onto a Hybond-N nylon
membrane, and probed with the labeled pyrethroid-hydrolyzing esterase

gene éstP fragment. All hybridization procedures were performed as
MATERIALS AND METHODS described by Sambrook et al.§). The DNA probe was labeled using

Chemicals and ReagentsCypermethrin (98%)trans-permethrin a randqm-primed labeling kit, following the manufacturer’'s recom-
and cis-permethrin (99%), envalerate (98%), malathion (98%), and Mendations.
deltamethrin (98%) were kindly provided by the Zhongshan Pesticide =~ Gene Expression and Purification of Pyrethroid-Hydrolyzing
Factory (Guangdong, China). Adknitrophenyl esters were purchased Esterase.The open reading frame of the putatigstPwas amplified
from Sigma. All other chemicals and reagents were of analytical grade by PCR and inserted into the pET29a expression vector. This
and were purchased from commercial sources, unless otherwise stated'ecombinant plasmid, designated as ptEEBtR, was used for the

Isolation and Culture Conditions. The minimal medium with expression of the pyrethroid-hydrolyzing esterase gefie ooli BL21
permethrin (MM medium) contained the following constituents, g/L (DE3). E. coli BL21 (DE3) carrying pEF-estP was grown in LB
(20 mM potassium phosphate buffer [pH 7.0]): NaCl, 0.2; MgSO  medium containing ampicillin (108g/mL) at 37°C by induction with
7H,0, 0.1; CaC)-H,0, 0.05; (NH),SOQy, 0.5; FeSQ, 0.02; ZnSQ, 0.1 mM IPTG when the optical density at 660 nm reached 0.4. After
0.002. After autoclaving, the permethrin was prepared by dissolving it induction for 12 h, 9.4 g of cell pellets were harvested and disrupted
into 10 times its volume of ethanol and added at that concentration by sonification. Cell debris was removed by centrifugation (1@000
(200 mg/L). The sewage from pyrethroid pesticide manufacture was for 20 min at 4°C). The supernatant was the crude extract of the
inoculated into MM medium, and then pyrethroid-degrading bacteria enzyme. Solid ammonium sulfate was added to the supernatant to 30%
were enriched by repeating five subcultivations. Appropriate dilutions Saturation with constant stirring. After being stirred for 20 min, the
of the enrichment culture were placed on MM agar plates and incubated mixture was centrifuged at 150gdor 20 min. The precipitate was
at 37°C for 3 days. The fastest colonies were selected from the plates, discarded. Additional solid ammonium sulfate was added to the
and the positive colony was isolated and purified. The pyrethroid supernatant to 80% saturation with constant stirring. The precipitate
hydrolysis was confirmed through G@/4S according to the method ~ was collected by centrifugation at 15@pfor 20 min, dissolved in the
previously reported by Liang et all%). smallest possible volume of 50 mM potassium phosphate buffer (pH

DNA Manipulation. Routine DNA manipulation was carried out ~ 7), dialyzed 100-fold against the same buffer, and concentrated by
as described by Sambrook et al6). Restriction enzymes and DNA ultrafiltration through a YM-30 membrane (Millipore). The concentrated
polymerase were purchased from Takara (Dalian, China). Each enzyme&nzyme solution was loaded onto a 500 mL Phenyl Sepharose column
was used according to the recommendations of the manufacturer. DNAthat had been preequilibrated with 50 mM potassium phosphate buffer
ligations were performed using T4 DNA ligase (Fermentas). Genomic (pH 7) containing a 25% saturation of ammonium sulfate. Subsequently,
DNA and plasmid DNA were isolated using genomic and plasmid DNA the column was washed with 100 mL of the equilibration buffer; then
isolation kits, respectively (QlAamp DNA Mini Kit, EZNA Plasmid  proteins were eluted with a decreasing gradient of ammonium sulfate.

Miniprep Kit 1). A DNA purification kit (EZNA Gel Extraction Kit) Fractions containing the enzyme activity were pooled, concentrated,

was used to recover DNA fragments from agarose gels. dialyzed against 50 mM potassium phosphate buffer (pH 7), and loaded
Construction of Genomic Libraries and Screening for the onto a DEAE-Sepharose CL-6B ion-exchange column preequilibrated

Pyrethroid-Hydrolyzing Esterase Gene.To prepare genomic DNA  With 50 mM potassium phosphate buffer (pH 7). The column was

fragments of approximate|y—m_0 kb, genomic DNA fronKlebsiella washed at a flow rate of 20 mL"hwith 500 mL of the same bUffer,

sp. strain ZD112 was subjected to partial digestion WSBAI, and proteins were eluted with a linear gradient of NaCl from 0 to 1.0

fractions containing DNA fragments of the desired size were pooled, M. The active fractions were collected and concentrated by ultrafiltration
and the resultant DNA fragments were ligated into pUC18, which had through a YM-30 membrane (Millipore). The concentrated enzyme

been previously digested witdanH! and dephosphorylate&scheri- solution was applied to a Sephacryl 200 HR column equilibrated with
chia coli DH50 was transformed with the library and plated onto 50 MM potassium phosphate buffer (pH 7). Proteins were eluted at a
Luria—Bertani (LB) agar p|ates Containing 1Qg/m|_ ampici”in7 100 flow rate of 0.3 mL merl, and fractions of 3 mL were collected. The

#M 5-bromo-4-chloro-3-indolyp-p-galactopyranoside (X-Gal), and 0.1 protein concentration was determined by the method of Bradford;
mM isopropyl-b-thiogalactopyranoside (IPTG). The white transfor- ~bovine serum albumin (Sigma) was used as the standard for calibration
mants with foreign fragment DNA were chosen as candidate clones. (17).

The white transformants were subsequently replicated onto LB agar Determination of the Molecular Mass and Isoelectric Point.The
plates containing 10@g of ampicillin/mL and 100uM 5-bromo-4- molecular mass of the denatured protein was determined by sodium
chloro-3-indolyl caprylate (X-caprylate); blue colonies were selected dodecyl sulfate-polyacrylamide gel electrophoresis (SBBAGE). An
because the hydrolysis of X-caprylate by the esterase produced a blueSDS-12.5% polyacrylamide gel was prepared by the method of
precipitate. The blue colonies were further tested for their ability to Laemmli (L8). Proteins were stained with Coomassie Brilliant Blue G.
hydrolyze permethrin through GEMVS analyses. The transformants The molecular mass of the enzyme subunit was estimated using a
with pyrethroid-hydrolyzing esterase were obtained and confirfBed.  protein marker as the standard. The molecular mass of the native protein
coli DH5a (pestP1) andce. coli DH50 (pestP2) were isolated and by gel filtration on a Superose 12HR 5/30 colunpglobulin (160000
sequenced. The fragment size of the two plasmids was 5.8 kb. pestP1Da), bovine serum albumin (67000 Da), ovalbumin (43000 Da), and
and pestP2 were further digested with various endonucleases. The sizearbonic anhydrase (30000 Da), was used as the reference protein
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molecular mass. The isoelectri_c point (pl) was estimated by PAGE_ with 24). The strain ZD112 is Gram stain and catalase negative and

6.25% ampholine (pH 3:510) in a gel rod (0.5« 10 cm) using a kit oxidase, urease, and nitrate reduction positivek G content

for isoelectric focusing calibration according to recommendations by 55 4 mol %, straight rod-forming shape with a capsule and

the supplier. N L dimensions of 0.91.2 um width and 2.+2.5 um length. The
Enzyme Activity. The esterase activity againshitrophenyl esters - 155 (RN A gene sequence of strain ZD112 was 99% similar to

was determined by measuring the amountpafitrophenol released that of the 16S rRNA gene oKlebsiella sp. strain zmmo

by esterase-catalyzed hydrolysis. The hydrolysis of the substrate was . S
performed at 30°C for 10 min in 50 mM sodium phosphate buffer (GenBank accession no. U31075), 98% similar to that of the

(pH 7.0) containing 1% acetonitrile. The productiongshitrophenol 16S rRNA gene oKlebsiella pneumoniagGenBank accession
was monitored at 348 or 405 nm according to different pH values by NO. X87261), and 98% similar to that of the 16S rRNA gene of
a Labsystems Dragon Wellscan MK3. One unit of enzyme activity was K. pneumoniassp.ozaenagGenBank accession no. AF228919).
defined as the amount of enzyme that producgechdl of p-nitrophenol/ According to these properties described above, the isolate was

min from the substrate under these conditioh8).( The pyrethroid- designateKlebsiellasp. strain ZD112.
hydrolyzing esterase activities against pesticides and the pesticide assay Cloning and Sequence Analysis of the Pyrethroid-
were performed as described by Liang et ab)( Hydrolyzing Esterase GeneGenomic DNA was digested with

The optimum pH of the pyrethroid-hydrolyzing esterase was

measured using-nitrophenyl acetate as a substrate (1 mM) afG0 . ‘e
The buffers (at a final concentration of 50 mM) used for the were plated onto LB agar plates containing 1@of ampicillin/

measurement are described as follows: citric abldOH (pH 3.5- mL, 100 uM X'Gal’ and_ 0.1 mM IPTG. The 38000 white
5.5), potassium phosphate (pH 5D.0), Tris-HCI buffer (pH 6.5 to trans_formants with foreign fragment DNA were chosen as
9.0), glycine-NaOH buffer (pH 8.5-10.0). Overlapping pH values ~ candidate clones. These candidate white transformants were
were used to verify that there were no buffer effects on substrate Subsequently replicated onto LB agar plates containingu00
hydrolysis. The optimum temperature was determined analogously by of ampicillin/mL and 100uM X-caprylate; 67 blue colonies
measuring the esterase activity at pH 7.0 in the temperature range ofwere selected and further tested for the hydrolysis of pyrethroid.
20-70°C. The pH stability was tested after incubation of the purified The ability of the two positive blue colonie&. coli DH5a
enzyme (0.23:g/mL) for 2 h at 30°C in the above different buffers. (pestP1) ancE. coli DH5a (pestP2), to hydrolyze pyrethroid

The temperature stability was measured after incubation of the purified was confirmed b ; ;

X ; y GEMS analysis. The two plasmids were
enzyme (0.23(g/mL) in 50 mM sodium phosphate buffer (pH 7.0) for . L - -
1 h at different temperature2@, 21). The effects of various chemicals !sgl_ate_d, sehquegcehd, land Tgunr? tg Coﬁta'n |den]E|caI msertsf,
(CaCh, MgSQ, CuSQ, ZnSQ, MnCl, AgNOs; HgCh, EDTA, indicating that both plasmids harbor the same fragment o

phenanthrolineg-chloromercuribenzoate) on the pyrethroid-hydrolyzing Cchromosomal DNA inserted in the same orientation, most likely
esterase activity were investigated by addition of the tested compoundsthe same pyrethroid-hydrolyzing esterase gene. Taking into
into the reaction mixture, which was preincubated for 30 min at 30 consideration that the pyrethroid-hydrolyzing esterase activity
°C. The activity was then measured as described above and expressedf E. coli DH5a. (pestP1) was higher than that®f coli DH5a
as a percentage of the activity obtained in the absence of the added(pestP2)E. coli DH5a (pestP1) was used for further analysis.
compound. Taking into consideration the poor solubility of most metal The size of the cloned fragment in plasmid pestP1 was reduced
io'ns in phosphate buffer, we use 50 MiM2-hydroxyethyl)piperazine-  \yhen the fragment was digested with various restriction
?Ogighpigiiudzg'%j%d?moH buffer (pH 7.0) in place of SOMM o7y mes; and the deletion derivatives were screened according
’ to the pyrethroid-hydrolyzing esterase activity, resulting in the

Determination of Kinetic Parameters. Kinetic parameters against subclone E. coli DH50. (pestP3). The sequence analysis
-nitrophenyl esters were determined by measuring the enzyme activity >~ * ’ . : e
P pheny y g y y|nd|cated that a 3.2 kblindlll fragment was found to exhibit

usingp-nitrophenyl acetate ranging from 0.02 to 1.5 mgvhitrophenyl - . o .
propionate ranging from 0.01 to 0.8 miknitrophenyl butyrate ranging ~ PYrethroid-hydrolyzing esterase activity. The positive clone
from 0.008 to 0.5 mMp-nitrophenyl caproate ranging from 0.003 to ~ (pestP3) clearly showed thastPis present in theKlebsiella

0.2 mM, p-nitrophenyl caprylate ranging from 0.005 to 0.4 mM, and Sp. strain ZD112 genome by Southern blot analysis. In the 3.2
p-nitrophenyl laurate ranging from 0.03 to 2 mM as a substrate_s_in 50 kb DNA fragment, we found an open reading frame (ZD-Est)
mM sodium phosphate buffer (pH 7.0) containing 1% acetonitrile at consisting of 1914 nucleotides, as showrFigure 1, starting
30°C. Kinetic parameters against different pesticides were analogously \yith an ATG initiation codon at position 115 and ending with
determined by measuring the enzyme activity over a range of final 5 TGA termination codon at position 2027. A putative ribosome-
concentrations from 0.005 touM dependent on the different pesticides. binding site (GAAGGA) is located 21 nucleotides upstream
Allinitial velocities were determined at five time points, at which which Igom the initiation codon; possible-10 (TTAAA) and —35

SawBAl and inserted into pUCL&. coli DH5a transformants

no more than 10% of the substrate had been consumed, and the solutio .
content never exceeded 1% of the total assay volume, so the decreasé! T GAAG) promoter sequences separated by 20 nucleotides

in substrate concentration remained linear with time over the period of Were detected upstream of the structural gexstH (25). The
measurement and the rate was almost constant throughout the assayfour tandem repeats of an A-rich box (AAAGAAA) existed

r2 values ranged from 0.976 to 0.988 according to the different between the-35 and—10 regions. TheestPgene encoded a
substrates. Initial reaction velocities measured at various concentrationsprotein of 637 amino acids with a predicted molecular mass of
of substrates were fitted to the Lineweav®&urk transformation of 73000 Da. There is no signal peptide amino acid sequence in
the Michaelis-Menten equation?). Kinetic analyses by curve fitting  mature protein from the putative start codon to the N-terminal.
were performed with SigmaPlot softwartg. The G+ C content in the coding region is 41%.

Nucleotide Sequence Accession NumbefBhe nucleotide sequence . . . S .
data reported here have been submitted to the Nucleotide Sequence Amino Acid Sequence AlignmentSimilarities to the amino

Database under accession numbers AY995%86F and AY989899 acid sequence of pyrethroid-hydrolyzing esterase '“'“’“’S‘e"?‘
(16S ribosomal DNA [rDNA]). sp. strain ZD112 were sought among the sequences in the

GenBank database by using the BLAST server. No putative
conserved domains have been detected, but the search revealed
significant similarities of EstP to several hypothetical proteins.
Isolation and Identification. The enrichment procedures The alignment of EstP (amino acids-%37) with theSalmonella
generated a pure culture designated ZD112 that hydrolyzedentericahypothetical protein SC171 derived from AAS76447.1
many pyrethroids quickly. The strain was identified on the basis (amino acids 222860) showed 88% identical and 94% similar
of classification schemes published Bergey’'s Manual of amino acids. The alignment of EstP (amino acig<$33) with
Systematic Bacteriologgnd the 16S rRNA gene sequen28,( Azoarcs sp. EbN1 hypothetical protein ebA4602 derived from

RESULTS
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GTCGCATCAATTCTTAGCAATGCACAAACCATCCTCAAAAAGCCCAAAGITGAAGTG
35
AAAGAAATTCAAGCGITAAAGCCAGCAAAAGAAGGACGTCCTGTTCCACGTACATTT
-10 RBS
1 ATGGAGATTTGTACCAAAGGTTCGCGTAAGCATTTAACGAGCCGCGCATCTGAGCCG
1 ™M E 1 C T K G S R K H UL TSR A S EP
58  AGTTACAACGTGCCAGAAAACCAGTATGTGCTGTATGTGGTTTCGAGCACGCTGAGC
20 SY NV P ENQY VLY V V S STLS
1776 TACACACTTTACCGTGTATACCCACTGTGGTACATGCAATACACGATTAATTAAGAA
%9 TH F T V Y T H C G T C N T RLTITKN
1833  TGGCGAGTATTGGACCTATTTGTCTTTGATGCCTATGTCTTCAATTAACATAAAGTGT
62 G EYW T Y L SLM PMS S I N I KC
1891 CCAAACTGCGAGTCTCCCGTATGACGGGTGACCTGCTCCCCGTATTTTCACACAGAC
631 P N C E S PV *
TGCTGTTAGTTACTTCCGCCTTTGGGAGTTTTCGGATCTGCGGTGGAAAAATGAGAAA

GCAGGATATGCACAGCATATCCATATGCCGCGCATCTGCATAGGGCAGACATACGCATAT
Figure 1. Partial nucleotide sequence and deduced amino acid sequence of the estP gene from Klebsiella sp. strain ZD112. The proposed ribosomal
binding site (RBS) and —10 and —35 regions of the putative promoter are underlined. The stop codon is marked by an asterisk.

YP159633.1 (amino acids 22863) showed 36% identical and ~ Table 1. Summary of Purification of Recombinant EstP from E. coli

56% similar amino acids. BL21 (DE3)

Overexpression and Purification of Recombinant EstP. total total specific
We produced recombinant EstP fréftebsiellasp. strain ZD112 protein activity? activity  purification  yield
in E. coliBL21 (DE3). The recombinant EstP was purified from purification step amt (mg) C) (Uimg) (fold) (%)
the crude extract to homogeneity by successive ammonium crude extract 238+11 87942 37£017 1 100
sulfate precipitation and Phenyl Sepharose, DEAE-Sepharose(P'\#;;)zngg harose 43 f (2)3 gg‘ll f ig éigfggg ggS gg
CL-6B, and Sephacryl 200 HR chromatography. The results of DEAg-Seppharose CL6B 29+015 207103 7L4+36 193 235

the overall purification procedure are summarized able 1. Sephacryl 200 HR 058+003 143+74 2466+118 666 16.3

Up to the final purification step, the enzyme was purified 66.6-

fold, with a recovery yield of 16.3%. The homogeneity of the aThe enzyme activity was measured using p-nitrophenyl acetate (1 mM) as
protein was confirmed by SDSPAGE (Figure 2). The mo- the substrate.

lecular mass of the purified protein was 73000 Da, in good

agreement with the molecular mass deduced from the nucleotide Effect of the pH and Temperature on the Catalytic
sequence (73500 Da). The relative molecular mass of the nativeActivity and Stability. With p-nitrophenyl acetate as a substrate,
enzyme estimated by gel filtration on a calibrated column of the pH ranged from 3.5 to 10.0 and the temperature ranged from
Sephacryl 200 HR was 73000 Da. Hence, it is assumed that20 to 70°C. Despite the absorption @knitrophenol varying

the purified enzyme (EstP) is a monomer. The pl value was when the pH is altered because of changes in the equilibrium
estimated to be 8.6. The N-terminal amino acid sequence of betweerp-nitrophenol ang-nitrophenoxidep-nitrophenol and

the native protein, MEICTKGSRKHLTSRASE, was identical p-nitrophenoxide had a pH-independent isosbestic wavelength
to the sequence deduced from the nucleotide sequence, confirmat 348 nm. Therefore, the releasepafitrophenol was monitored

ing that the purified enzyme was the protein product of EstP. at 348 nm. The pHactivity profile of the enzyme was bell-
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kDa 1 2
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Figure 2. SDS—-PAGE analysis of the purified EstP (lane 2) and protein
markers (lane 1) stained with Coomassie Blue. Markers from the top to
the bottom are phosphorylase b (94000 Da), bovine serum albumin (67000
Da), ovalbumin (43000 Da), carbonic anhydrase (30000 Da), and
o-lactalbumin (14000 Da).

Table 2. Kinetic Constants for Hydrolysis of Various p-Nitrophenyl

Wu et al.

Table 3. Kinetic Constants for Hydrolysis of Various Pesticides

specific activity Kn Keat Keatl Kin
substrate (Uimg) (M) (s (stuM™h

cis-permethrin 35.6+17 0.16 £0.007 1.05+0.051 6.56
trans-permethrin -~ 38.8 + 1.9 0.11+0.005 1.14+0.055 10.36
cypermethrin 9.8+0.48 021+£0.01 0.288+0.012 1.37
fenvalerate 35+0.18  0.91+0.043 0.103+0.005 0.113
deltamethrin 0.53+0.025 1.23+0.056 0.016 +0.0007 0.013
malathion 24+01 0.87+0.041 0.07+0.033 0.81

A range of pesticides such as malathion, pyrethraig;
permethrin,trans-permethrin, cypermethrin, fenvalerate, and
deltamethrin were tested for substrate specificity of the recom-
binant EstP. EstP hydrolyzed the pesticides tested at different
hydrolysis ratestrans-permethrin was hydrolyzed most rapidly,
while deltamethrin was the least readily attacked, ais
permethrin was hydrolyzed at a rate approximately equal to that
of trans-permethrin. Thé,, andk.,; values were calculated by
fitting the data to the MichaelisMenten equationTable 3).

The purified enzyme showed differeif, values ranging from
0.11 to 1.23uM against a range of tested pesticides.

DISCUSSION

Esters EstP fromKlebsiellasp. strain ZD112 not only efficiently

specific activity ~ Kn Keat Keadl Kin hydrolyzedp-nitrophenyl esters of medium- to short-chain fatty

substrate (Uimg) (M) ) (stuMTY acids, but also degraded all pesticides tested, indicating that EstP
p-nitrophenyl acetate 9142  261+13 8l+4 031 is an esterase with broad. substrates. Although therg havg been
p-nitrophenyl propionate 269 + 13 139+7 238+12 171 some reports on pyrethroid hydrolase from pyrethroid-resistant
p-nitrophenyl butyrate 355+ 17 2+4 314%15 341 insects, mammal orga@,. niger, andB. cereuq9, 15, 26, 27),
p-nitrophenyl caproate 573 +28 37+£16 507+23 137 some nucleotide sequences of the pyrethroid-hydrolyzing en-
p-nitrophenyl caprylate 407+ 18 68+33 360+17 53 zyme genes are available (accession nos. NM-133960, NM-
i tvhoR S S 144930, AY487948, Q964Q7, and Q27698). However, the
p-nitrophenyl palmitate 0 0 0 0 pyrethroid pesticide degradative gene from the microorganisms

has not as yet been reported. This is the first one to be
determined for the pyrethroid-hydrolyzing enzyme gene from
shaped, with maximum values at pH 7.0. The enzyme was found microorganisms.
to be stable in the pH range of 5:8.0. The optimal temperature Database searches revealed the similarity of pyrethroid-
for the enzyme was 48C. The enzyme was fairly stable up to  hydrolyzing esterase froilebsiellasp. strain ZD112 to several
45 °C and had 54% of its activity at 5TC. It was completely putative proteins, but the sequences of EstP showed no
inactivated at 65C. similarities to any esterase or lipase sequence deposited in the
Effects of Reagents and Metal lons on the Enzyme  databases. Itis interesting that EstP reported herein showed that
Activity. The presence of Hg and Ag™ caused a complete  no conserved domains or binding sites were found in the
inhibition at 0.5 mM, while a less pronounced effect-@&% sequence of pyrethroid-hydrolyzing esterase fiKisbsiellasp.
inhibition) was observed in the presence of the divalent cations strain ZD112, considering that EstP possessed esterase activity.
(0.5 mM). The enzyme activity was strongly inhibited by 0.1 In general, the three-dimensional structures of many esterases
mM p-chloromercuribenzoate, whereas the chelating agentand lipases show the characteristif-hydrolase fole-a definite
EDTA and phenanthroline (1 mM) showed little effect on the order of a-helices ands-sheets 11). The catalytic triad is
enzyme activity. composed of Ser-Asp-His (Glu instead of Asp for some lipases)

Substrate Specificity. The substrate specificity towagsni-
trophenyl esters of various fatty acids is showiable 2. EstP

showed the highest activity witp-nitrophenyl caproate (573

U/mg) among the-nitrophenyl esters examined. Bdth, and

(28), and usually also a conserved pentapeptide (Gly-X-Ser-X-
Gly) is found around the active site serine. More recently, some
esterases contained a Gly-X-X-Leu moti29( 30). Since
pyrethroid-hydrolyzing esterase fraffebsiellasp. strain ZD112

keat Values of purified EstP decreased with increases in the has no sequence similarity to the esterases and lipases and also
aliphatic chain length up to £ The comparison of catalytic = does not contain the conserved sequence motif G-X-Ser-X-G
efficiency values Kcafkm) for various substrates indicated that and Gly-X-X-Leu, it may be assumed that this enzyme may
these values were dependent on the aliphatic chain length ofhave evolved independently, as in the case of a novel carbaryl
the substrate. Medium-chajanitrophenyl esters seemed to be hydrolase fronRhizobiunsp. strain AC10031). This carbam-

the preferred substrates, whereasitrophenyl esters of longer  ate pesticide hydrolase not only degraded many carbamate
chain fatty acids were poor substrates; EstP had no activity pesticides but also hydrolyzed 1-naphthyl acetate and 4-nitro-
againsfo-nitrophenyl myristate anp-nitrophenyl palmitate. The  phenyl acetate, indicating that the carbaryl hydrolase is an
activity againsjp-nitrophenyl esters of shorter chain fatty acids esterase, but no homology was found by a database homology
was lower than that op-nitrophenyl caproate. Taking into  search using nucleotide and deduced amino acid sequences of
consideration that lipases prefer substrates with relatively long the esterases and lipases. The phloretin hydrolase Enaoac-
aliphatic chains, these results showed the purified enzyme (EstP)terium ramulugpossesses properties similar to those of the two
is an esterase and not a lipase. pesticide-hydrolyzing enzymes described ab®33.(
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To isolate the gene responsible for pyrethroid-hydrolyzing cHo S
esterase, taking into consideration the complexity in the course R o-F 8T GHCO0CH,
of directly cloning the pyrethroid-hydrolyzing esterase gene, in ? CH,COO0CH,
this study, we first selected 67 blue transformants with esterase Malathion
activity in LB agar plates containing 1Qdy of ampicillin/mL o
and 10QuM X-caprylate. The ability of those blue transformants Py N 0
with esterase activity to hydrolyze permethrin was demonstrated C'@’?H 0‘”‘@ \©
by assaying permethrin reduction and 3-phenoxybenzyl alcohol CH,
formation; only two transformants with esterase activity can Fervalerate
hydrolyz permethrin. These results showed that not all esterases
degrade pyrethroids; therefore, pyrethroid-hydrolyzing esterase 2 on
from Klebsiellasp. strain ZD112 possessed broad substrates. C]>=CH—E—EJ\O—C'H~©’O\©
The gene for EstP frorlebsiellasp. strain ZD112 was cloned “ X
from genomic DNA and expressed i coli BL21 (DE3), and A,C Ch
its product was purified to apparent homogeneity and character- Cyperas thrin
ized. As a monomeric 73000 Da protein, the molecular mass
of EstP is larger than those of the purified permethrinase (61000 JOL o
Da) from bacteria, pyrethroid hydrolase (56000 Da) frém EI%CH—E—E O-CHTQ’ \©
niger ZD11, pyrethroid-hydrolyzing carboxylesterase (60000 ><
Da) from mouse liver microsomes, and carboxylesterase E3 HC CH
(58600 Da) fromNephotettix cincticepghler. The pH optimum Fermethrin
of EstP (pH 7.0) was lower than that recorded Brcereus
(pH 7.5) and higher than that reported #r nigerZD11 (pH o , Hj\ N o
6.5). The optimal temperature of 4Q is similar to that recorded Eir%CH -C—C O-CHU \©
for B. cereuq37 °C) and lower that reported fa. nigerZD11 e

3 3

(45 °C) (13, 15).

The substrate specificity was studied by the purified recom- Deltuetluin
binant enzyme. The striking features fenitrophenyl caproate  Figure 3. Structures of all pesticides tested.
and p-nitrophenyl caprylate were quite different from the
specificities of other microbial esteras&8), which are mainly ) L )
specific forp-nitrophenyl esters of short-chain fatty acids. Only The catalytic efﬂuer}ueskga{ Km) are considered as a measure-
the enzymes frorBacillus stearothermophilu@4), Sulfolobus ~ Ment of the enzyme’s specificity; among these substtaes-
acidocaldarius(35), Bacillus licheniformig(36), andLactoba- permethrin is clearly the preferred substrate.
cillus caseiCL96 (37) showed specificity patterns similar to In a word, the pyrethroid-hydrolyzing esterase gene from
that of EstP, since the purified recombinant enzyme hydrolyzed Klebsiellasp. strain ZD112 was cloned and sequenced, and the
cypermethrin, permethrin, fenvalerate, deltamethrin, and mala- recombinant EstP was purified and characterized. To date, this
thion. Therefore, pyrethroid-hydrolyzing esterase seems to beis the first information available on the pyrethroid-hydrolyzing
capable of hydrolyzing a relatively wide range of compounds €sterase gene from microorganisms. Taking into consideration
with similar chemical linkagesFjgure 3), suggesting that it ~ that pesticidal residues resulting from agricultural production
possesses broad substrates; the feature is the same as that 8f¢ complex mixtures, enzymatic bioremediation requiring the
pyrethroid hydrolase fromA. nigerZD11 (15). However, this development of specific enzymes for each compound or isomer
observation does not quite agree with data reported by Mo- is unrealistic; therefore, the broader substrate specificities and
toyama et al. and Stok et al9,(38). Pyrethroid-hydrolyzing higher activity of pyrethroid-hydrolyzing esterase are necessary
carboxylesterase (BAC36707) from mouse liver microsomes did to fulfill the practical requirements of bioremediation to enable
not hydrolyze malathion. On the other hand, Motoyama et al. its use in situ for detoxification of pyrethroids where they cause
found that one of five forms of carboxylesterases degraded environmental contamination problems. The cloning and over-
malathion twice as fast as fenvalerate, and three other formsexpression of the pyrethroid-hydrolyzing esterase gene can
possessed approximately equal activity toward these two SUPply enzyme preparation at a low cost for environmental
insecticides. In a previous paper, there was a preference in bottprotection.
mammal and insect carboxylesterases for permethrin over
cypermethrin, andrans-permethrin ovecis-permethrin 8, 9),
while carboxylesterase froid. cincticepsJhler preferreccis-
permethrin ovetrans-permethrin. However, pyrethroid-hydro-  We are grateful to the National Natural Science Foundation of
lyzing esterase possessed approximately equal activity towardChina (Grant 30570055), the Natural Science Foundation of
the permethrin isomers. Therefore, it lacked stereoselectivity; Guangdong Province (Grant 031618), and the Science and
this feature is different from that of carboxylesterase E3 from Technology Plan Project of Guangdong Province (Grants

N. cincticepsUhler (8) and carboxylesterase BAC36709).(  2003C32402 and 2005B10401010) for their financial support.
In addition, the apparer,, values obtained for the purified

enzyme (EstP) were lower than those for BAC36707 from

mouse liver microsomes, carboxylesterase E3 fibroincticeps LITERATURE CITED
Uhler, and pyrethroid hydrolase froA nigerZD11 when the
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