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ABSTRACT 

Three water-borne bacterial isolates were collected 
from the Houston metropolitan area. Each isolate was 
capable of growing upon carbon limited media in- 
oculated with the organophosphorus (OP) compound 
paraoxon. All isolates were able to efficiently metabo- 
lize paraoxon and, to a lesser degree, methyl para- 
thion to p-nitrophenol. 16S rDNA genome sequencing 
with universal bacterial primers identified the isolates 
as species belonging to the genera Aeromonas, Steno- 
trophomonas, or Exiguobacterium. All screened iso- 
lates harbor organophosphorus degradation (opd) 
genes that are approximately 99% similar over appro- 
ximately 660 base pairs sequenced to one first isolated 
from Sphingobium fuliginis ATCC 27551 (formerly 
Flavobacterium sp. ATCC 27551). Additionally, two 
isolates KKWT11, identified as a putative Senotro- 
phomonas maltophilia, and KKBO11, identified as a 
putative Exiguobacterium indicum, were found to 
possess genomic DNA that closely matched a metallo- 
beta-lactamase that has been reported to function as 
a methyl parathion degradation (mpd) gene suggest- 
ing that both of these strains are prime candidates for 
wastewater remediation of a broad range of OP 
compounds. 
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1. INTRODUCTION 

Organophosphorus (OP) compounds are potent nerve 
agents that act upon the enzyme acetylcholinesterase and 
are widely used as pesticides, fungicides, as well chemical 
warfare agents such as sarin and soman [1,2]. Common 
OP pesticides and insecticides include methyl parathion, 
parathion, paraoxon, chlorpyrifos, dianzon, malathion, 
and dichlorvos, malathion and chlorpyrifos and are used 
extensively throughout the developing world [3]. Or- 
ganophosphates are degraded upon exposure to sunlight 

or water and are typically immobile in soil and do not 
typically represent hazards to underground water sources 
or farmland crops in the short term [4-6]. However, their 
acute toxicity to humans renders them extremely dan- 
gerous in any areas that are continuously treated with such 
compounds. Additionally, wastewater runoff often results 
in contamination of above ground water sources where it 
is extremely toxic to fish and other aquatic life [7,8]. In 
addition, self-poisoning through occupational exposure 
occurs regularly in agricultural settings including within 
the United States [9-12]. The toll on the developing world 
from organophosphate poisoning is tallied in the millions 
with approximately 200,000 deaths worldwide annually 
[9-12]. The growing use and accumulation of these toxic 
compounds in our food products, in the soils from which 
they are harvested and as potential runoff into nearby 
aquatic sources has fueled a growing interest in biotech- 
nology that provides cheap, efficient OP pesticide de- 
toxification to supplement both natural and expensive 
chemical methods already in use. 

Efficient degradation of problematic OP compounds in 
the environment is typically tied to the presence of bac- 
terial microorganisms that can metabolize OP compounds 
as sources of carbon, nitrogen or phosphorus [13]. In most 
cases the isolated species and strains found to possess 
such a genetic complement are soil microorganisms found 
in topsoil due to their immediate exposure to the pesti- 
cides added to farmland and gardens. While the bacterial 
genes encoding an OP degrading function are numerous 
[13], the two of the best described are (1) the opd gene and 
its homologues, originally isolated from plasmid DNA 
extracted from S. fuliginis and B. diminuta [14-17] and 
characterized as a parathion hydrolases (PHs) or organo- 
phosphorus hydrolases (OPHs) and (2) homologues of the 
methyl parathion degrading (mpd) genes that encode for 
metallo-beta-lactamases, denoted in the literature as a 
methyl parathion hydrolases or MPH. Unlike the majority 
of known opd genes, mpd gene homologues are found in 
both plasmid and chromosomal DNA. Among the first 
isolated putative MPH’s was originally taken from plas- 
mid DNA in Pseudomona ssp. WBC-3 [18,19] and later  *Corresponding author. 

OPEN ACCESS 

mailto:riyer@uh.edu


R. Iyer, B. Iken / Advances in Biological Chemistry 3 (2013) 146-152 147

was found in genomic DNA in Plesiomonas sp. strain M6 
[20]. Both enzyme families work through similar degra- 
dative mechanisms, hydrolysis of the OP compound to 
p-nitrophenol and diethylthiophosphate or dimethylthio- 
phosphate which may or may not be further reduced de-
pending on capacity of the remediative organism or as- 
sociating microbial population in the environment [14-19]. 
Currently opd genes encode hydrolytic enzymes with 
broad temperature and pH optima coupled the ability to at 
least partially degrade the widest range of organophos- 
phate substrates yet demonstrated for any of the OP hy- 
drolyzing enzyme [13,21], however, the mpd gene family 
exemplifies a separate OP degrading pathway that imparts 
a specialized ability to degrade and mineralize methyl 
parathion, methyl paraoxon and chlorpyrifos [20,22]. 
Further isolation and characterization efforts has found 
evidence that a subset of both of the above described OP 
genes can be flanked by insertion sequences and trans- 
posable elements, supporting a lateral transfer mechanism 
for widespread distribution of these genes [18,22,24-25]. 
In the latter case the mpd gene originally found in plasmid 
DNA from Pseudomona ssp. WBC-3 was shown to have 
migrated to the chromosomes of several Asiatic bacterial 
strains including Plesiomonas sp. strain M6 and is now 
found among species of the genera Pseudaminobacter, 
Achromobacter, Brucella, Ochrobactrum and Stentro- 
phomonas [20,22,24]. 

In this study we describe the isolation, identification 
and analysis of microbial isolates collected from both 
wastewater and potential drinking water sources through- 
out the Houston metropolitan area that were capable of 
metabolizing the OP pesticides paraoxon and methyl 
parathion. Identification of these bacterial organisms was 
conducted through 16S rDNA sequence analysis. Degra- 
dation efficiency of OP pesticides paraoxon and methyl 
parathion were investigated at the whole cell level and 
PCR was used to screen and confirm the presence of an 
organophosphorus degradation (opd) gene or methyl para- 
thion degradation (mpd) gene or genes present in the 
isolates. 

2. MATERIALS AND METHODS 

2.1. Chemicals, Enzymes and Oligonucleotides 

Paraoxon (O,O-diethyl p-nitrophenyl phosphate), methyl 
parathion and all other chemicals were obtained from 
Sigma (St. Louis, MO). Egg white lysozyme, DNase-free 
ribonuclease A and ampicillin were also obtained from 
Sigma (St. Louis, MO). Synthetic deoxyoligonucleotides 
were purchased from Sigma (St. Louis, MO). Proteinase 
K was acquired from Promega (Madison, WI). 

2.2. Media for Bacterial Growth 

The composition of all growth mediums used in the 

study has been tabulated in Table 1. Luria-Bertani me- 
dium (LB) was obtained from Difco Laboratories, De- 
troit, MI. The pH of the LB media was adjusted to 7.5 for 
the study. 

2.3. Isolation of Paraoxon-Metabolizing 
Microbial Species from Water Samples 

A total of three water samples were collected from sites 
located throughout the Houston-Sugar Land-Baytown 
metropolitan area. Each water sample was diluted 1:49 in 
LB medium for a total of 50 mL. The dilutions were kept 
for 2 d at 30˚C on a shaker. An aliquot (100 μL) from the 
LB culture was used to inoculate 3 mL of paraoxon- 
supplemented carbon-deficient minimal media (CDMM). 
The culture was incubated for 1 wk at 30˚C on a rotary 
shaker at 200 rpm. A 100 μL aliquot of the bacterial cul- 
ture was transferred into 3 mL of fresh CDMM contain- 
ing paraoxon and the incubation step was repeated. After 
five consecutive subcultivations, the three resultant iso- 
lates were placed on to CDMM agar plates containing 
paraoxon (100 μg·mL−1). After overnight incubation at 
30˚C, the isolates formed on the plates were transferred 
to glycerol-supplemented minimal media (GSMM) stocks 
and frozen at −80˚C. 

2.4. Isolation of Total Cellular DNA 

Bacterial glycerol stocks were used to inoculate 3 mL LB 
medium and incubated overnight at 37˚C and 200 rpm 
for approximately 24 h. A 2 mL aliquot of the resulting 
bacterial culture (OD = 0.6) was pelleted at 13,000 rpm 
for 3 min and the total cellular DNA was extracted using 
the CTAB (cetyltrimethylammonium bromide) method  
 
Table 1. Composition of inoculation and growth media used in 
this study. 

Media Nutrient Component Concentration 

Bacto Tryptone 10 g·L−1 

Yeast Extract 5 g·L−1 
Luria-Bertani 
(LB) Media 

NaCl 10 g·L−1 

MgSO4·7H2O 0.2 g·L−1 

Ca(NO3)2·4H2O 0.08 g·L−1 

FeSO4·7H2O 0.005 g·L−1 

K2HPO4 4.8 g·L−1 

KH2PO4 1.2 g·L−1 

Glycerol-Supplemented
Minimal Media (GSMM)

Glycerol 1% 

MgSO4·7H2O 0.2 g·L−1 

Ca(NO3)2·4H2O 0.08 g·L−1 

FeSO4·7H2O 0.005 g·L−1 

K2HPO4 4.8 g·L−1 

Carbon-Deficient 
Minimal Media (CDMM)

KH2PO4 1.2 g·L−1 
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[26]. Cells were suspended in TE buffer containing ly- 
sozyme (50,000 units·mL−1) and ribonuclease A (300 
Kunitz units·mL−1), and incubated for 1 h at 37˚C. Im- 
mediately prior to lysis, proteinase K (>30,000 units·g−1) 
was added to a final concentration 0.25 mg·mL−1. Cells 
were lysed with 0.5% (w/v) SDS for 1 h at 37˚C. 100 μL 
CTAB/NaCl were added to the lysed cells and incubated 
at 65˚C for 1 h. 500 μL phenol:chloroform:isoamyl al- 
cohol (25:24:1) was then added and the mixture was 
spun down for 10 min at 13,000 rpm. The resultant 
aqueous phase was transferred to a clean tube, 500 μL 
chloroform:isoamyl alcohol (24:1) was added and the 
process was repeated for 10 min at 13,000 rpm. After 
transferring the aqueous phase to a new tube, 0.6 vol. 
cold isopropanol was added and the tubes were incubated 
at −20˚C overnight. The following day sample tubes 
were removed and spun down at 13,000 rpm for 15 min 
at 4˚C. The pellets were washed with 70% ethanol, re-
spun and left to dry at room temperature for approxi-
mately 30 min after the supernatant had been decanted 
off. The DNA pellets were then suspended in 50 μL 
Tris_EDTA (TE) buffer pH 8.0 + RNAse (100 μg·mL−1). 

2.5. 16S rDNA Sample Identification 

The 16S rDNA gene was amplified by PCR from cellular 
DNA using universal 16S rDNA-specific primers (For- 
ward: AGAGTTTGATCMTGGCTCAG, Reverse: GGT- 
TACCTTGTTACGACTT) [27,28] with PCR 2x Master 
Mix (Promega, Madison, WI). PCR conditions were set 
as follows: initial denaturation at 94˚C for 4.5 min, 32 
cycles consisting of denaturation at 94˚C for 0.5 min, 
annealing at 52˚C for 0.5 min, and extension at 72˚C for 
1 min, and final elongation at 72˚C for 4 min. PCR 
products were purified using a QIAquick PCR Purifica- 
tion Kit (Qiagen) and cloned into the pJET1.2/blunt 
cloning vector using the Clone Jet PCR Cloning Kit and a 
sticky-end cloning protocol supplied by the manufacturer 
(Fermentas). Approximately 5 μL of the ligation mixture 
was used directly to transform chemically competent 
DH5alpha cells at 42˚C for 40 s. Following a 1 h incuba- 
tion period in LB media, 125 μL aliquots were plated 
onto LB-ampicillin-agar plates and grown overnight. 
Transformants were grown overnight in liquid LB media 
and harvested for plasmid DNA using a Qiaprep Spin 
Miniprep Kit (Qiagen). Minipreps for each isolate were 
sequenced bi-directionally by the dye-terminator method 
with plasmid specific primers supplied with the kit from 
the manufacturer (Fermentas) by SeqWright, Inc. (Hou- 
ston, TX). DNA alignments were made using ClustalX 
2.0.12, and sequences were manually edited when ne- 
cessary to remove gaps and undetermined bases pairs. 
Corrected sequences were then compared to highly simi- 
lar sequences in the NCBI database to determine the ge- 
nus and species of each bacterial isolate. 

2.6. Detection of Organophosphorus 
Degradation Genes by PCR Amplification 

Total cellular DNA from each bacterial isolate was used 
as a template to probe for the presence of an organo- 
phosphorus degradation (opd) gene first isolated in 
Sphingobium sp. ATCC 27551. PCR amplification of the 
opd gene region was conducted using the following 
primer set (F196-CGCGGTCCTATCACAATCTC and 
R840-CTTCTAGACCAATCGCACTG) with PCR 2x 
Master Mix (Promega, Madison, WI) [29]. Amplification 
of a putative methyl parathion hydrolase from cellular 
DNA was conducted with the following primer sets: 

(5’-CGTCTATCACCAGCGCATC-3’ and 5’ CACG- 
CATAGGCCTTACCC-3’) and 5’-GAATTCATATGCCC- 
CTGAAGAAC-3’, and reverse, 5’-GAATTCTCGAGC- 
TTGGGGTTGACGACCG-3’) with PCR 2x Master Mix 
(Promega, Madison, WI). The first mpd primer set targets 
a conserved region of a putative chromosomal mpd gene 
encoding for a metallo-beta-lactamase protein often 
found in Stenotrophomonas and Xanthamonas sp. The 
second set directly targets the mpd gene sequence of Ple- 
siomonas sp. M6and P. putida WBC-3 [22]. PCR condi- 
tions for all three templates were set as follows: initial 
denaturation at 94˚C for 5 min, 35 cycles consisting of 
denaturation at 94˚C for 1 min, annealing at 56˚C or 
60˚C for 1 min, and extension at 72˚C for 1 min, and 
final elongation at 72˚C for 5 min. Products were puri- 
fied using a QIAquick PCR Purification Kit (Qiagen) 
and checked through electrophoresis on a 1.2% agarose 
gel. Subsequent cloning, transformation, and sequencing 
of PCR products were the same as described for 16S 
rDNA identification in Section 2.5. 

2.7. Degradation of Paraoxon and Methyl 
Parathion by Bacterial Isolates 

Aliquots of each isolate and the associated negative con- 
trol strain were taken from glycerol stock, inoculated into 
duplicate 150 mL LB media flasks and placed in an in-
cubator at 37˚C, 200 rpm for approximately 24 h (OD = 
1). Cells were then pelleted at 2500 rpm for 10 min at 
4˚C. The supernatant was poured off and the pellet was 
washed three times with 0.05 M potassium phosphate 
buffer (pH = 7.0) at 2500 rpm for 10 min at 4˚C. A total 
of 25 mL of 0.05 M potassium phosphate buffer was 
added to the pellet and the mixture was suspended on a 
rotary shaker at 0˚C over a period of 1 h. The cell sus- 
pension was transferred to a clean 250 mL flask to which 
paraoxon or methyl parathion was added to a final con- 
centration of 100 μg·mL−1. No additional supplements or 
metal cofactors (such as CoCl2) were added to the buffer. 
Each mixture was incubated at 30˚C, 120 rpm for 144 h 
and absorbance readings of each sample were taken at 
405 nm with a Tecan i-control plate spectrophotometer  
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(set for the BD Falcon35-3072 plate definition and a well 
diameter of 6000 μm) and 96-well CytoOne plate to 
measure breakdown to p-nitrophenol every 24 h. Ab- 
sorbance values were then converted to μM using the 
extinction coefficient for p-nitrophenol (18,000 M−1·cm−1). 
Aliquots taken from 0.05 M potassium phosphate buffer 
inoculated with the negative control strain and a final 
concentration of 100 μg·mL−1 of paraoxon or methyl 
parathion were used to blank each sample for p-nitro- 
phenol production. Escherichia coli strain JM109 lacking 
either an opd or mpd gene was used as the negative con- 
trol. Statistical analysis was used to generate confidence 
intervals using the standard deviation between replicates 
of each isolate and an alpha value set at 0.5. 

3. RESULTS AND DISCUSSION 

Three water-borne bacterial strains (2 gram-positive, 1 
gram-negative) that grew on paraoxon and methyl para- 
thion supplemented CDMM plates were collected from 
the Houston metropolitan area (Table 2). Identification 
of the species collected in the study was conducted by 
probing the 16S rDNA by PCR using universal bacterial 
primers as previously described [33,34]. Sequencing 
results (Table 3) identify the three isolates as Aeromonas 
hydrophilia (KKSB11), Stenotrophomonas maltophilia 
(KKWT11) and Exiguobacterium indicum (KKBO11). 

All isolates were screened for OP degradation genes 
through PCR amplification from total cellular DNA ex- 
tracted from each isolate. For each isolate an expected 
band at 663 bp was seen denoting the presence of a 
Sphingobium-like opd gene (Figure 1(a)). Sequencing 
results for the 663 bp fragment revealed that the gene 
present in all three isolates is approximately 99% identi- 
cal at the nucleotide level to the plasmid-borne gene 
found in Sphingobium and later in Brevundimonasdi 
 
Table 2. Location of each water isolate collected for this study. 

Sequence  
Designation 

Classification Location Purpose of Location 

KKSB11 Gram-negative Texas Stream near farm 

KKWT11 Gram-negative Texas Waste treatment plant 

KKBO11 Gram-positive Texas Brook near same waste plant

 
Table 3. Results of 16S rDNA analysis using the NCBI BLAST 
tool to search for highly similar sequences. The max identity 
details the highest percent identity for a set of aligned segments 
to the subject sequence. 

Sequence 
Designation 

16S rDNA 
Max Identity % 

Sample Identity 

KKSB11 99% Aeromonas hydrophilia 

KKWT11 99% Stenotrophomonas maltophilia

KKBO11 99% Exiguobacterium indicum 

1   2    3   4   5   6   7    1   2    3   4   5   6   7 

 
(a)                          (b) 

Figure 1. PCR amplification of organophosphorus degradation 
genes from bacterial isolates. (a) Putative organophosphorus 
hydrolase (Expected product size of 663 bp). KKBO11_A/B 
represent two different genomic preps of the same isolate. Lane 
1: Promega 1KB Ladder, Lane 2: KKSB11, Lane 3: KKWT11, 
Lane 4: KKBO11_A, Lane 5: KKBO11_B, Lane 6: (+) Control, 
Lane 7: (-) Control; (b) Putative methyl parathion hydrolase 
(Expected product size of 820 bp). Lane 1: Promega 1KB Lad- 
der, Lane 2: KKWT11, Lane 3: KKBO11, Lane 4: KKSB11_A 
(Annealing temp of 56˚C), Lane 5: KKSB11_B (Annealing 
temp of 60˚C, Lane 6: (+) Control, Lane 7: (-) Control. 
 
minuta. Isolates were also tested for the presence of an 
mpd gene using two different sets of primers. All strains 
were found to lack the transposable Plesiomonas sp. M6 
mpd gene variant, though both the KKWT11 and 
KKBO11 strains were both found to harbor individual 
metallo-beta-lactamase proteins that could potentially act 
as a methyl parathion hydrolase in OP degradation (Fig-
ure 1(b)). The putative mpd gene found in the KKWT11 
strain was found to be closely related to other known S. 
maltophilia methyl parathion hydrolases sharing ap-
proximately 90% - 95% sequence homology with strains 
S. maltophilia K279a and D457. The mpd gene se-
quenced from E. indicum is distantly related with little 
sequence homology with S. maltophilia or other known 
metallo-beta-lactamases outside of the priming regions. 

The ability to metabolize OP pesticides paraoxon and 
methyl parathion to one of its primary metabolites, p- 
nitrophenol, was tested over a period of 144 h. Zero hour 
represents a time approximately 15 min after inoculation 
with either pesticide. All three samples were found to be 
capable of degrading paraoxon to p-nitrophenol (Figure 
2(a)) with varying degrees of efficiency. The E. indicum 
(KKBO11) isolate shows a rapid rise in p-nitrophenol 
production after 24 h that continued steadily for the du- 
ration of the experiment. The p-nitrophenol production- 
rate of the two remaining isolates S. maltophilia (KKW- 
T11) and A. hydrophilia (KKSB11) are slower, but also 
remained very consistent over each 24 h time period. 
Methyl parathion degradation rates were considerably 
lower and more dynamic in comparison (Figure 2(b)). In 
general, the KKWT11 isolate demonstrated a sharp rise 
in p-nitrophenol production for 24 h that quickly tapered 
off and did not increase further over the course of the 
study and in fact decreased over the last 48 hours. Both  
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(a) 

 
(b) 

Figure 2. Degradation of paraoxon and methyl parathion to 
p-nitrophenol by bacterial isolates. All isolates were blanked to 
the negative control for both studies. Error bars are set at a 95% 
confidence level. (a) Starting concentration of paraoxon was 
100 μg·mL−1. Absorbance readings were taken at 405 nm to 
detect the concentration of p-nitrophenol in the media over a 
period of 144 h. E. coli strain JM109 was used as a negative 
control; (b) Starting concentration of methyl parathion was 100 
μg·mL−1. Absorbance readings were taken at 405 nm to detect 
the concentration of p-nitrophenol in the media over a period of 
144 h. E. coli strain JM109 was used as a negative control. 
 
gram-positive isolates, KSB11 and KBO11, also demon- 
strated sharp rises in p-nitrophenol present in the me- 
dium after 24 - 48 h then slower production for the re-
mainder of the study. Of these remaining two isolates 
KBO11 had a noticeably greater amount of p-nitrophenol 
present in the medium by the end of the study. 

These results suggest that the overall degradative ca- 
pacity of each isolate was reliant upon the organism’s 

gene complement, opd and/or mpd, its tolerance of the 
stringent media conditions that lacked all other sources 
of carbon, nitrogen, phosphorus, or any enzymatic co- 
factors as well as other secondary metabolic pathways 
that may further break down the primary metabolic by- 
products including p-nitrophenol. The promiscuous opd 
gene that was found in all three isolates would appear to 
be the principal contributor to the KKSB11 isolate’s ca- 
pacity to metabolize OP compounds and as such it de- 
grades the substrate paraoxon with greater efficacy then 
methyl parathion. Accelerated degradation of paraoxon 
and methyl parathion by the KKBO11 isolate is likely 
due to the presence of more available enzyme for OP 
degradation from both its opd and mpd gene comple- 
ments as the opd gene is still capable of acting upon 
methyl parathion though with reduced efficacy. The final 
isolate, KKWT11, also possessed two different genes for 
OP degradation but both degradative curves are notably 
different from that of the others. P-nitrophenol levels in 
the medium were found to decreases lightly over time 
when methyl parathion was the sole carbon source and 
suggests a different metabolic pathway may be at work 
utilizing the p-nitrophenol as a secondary source of car- 
bon. 

4. CONCLUSION 

Pesticide runoff into above ground water sources is com- 
paratively rare and finding multiple organisms in aquatic 
reservoirs with the capacity to efficiently degrade OP 
compounds through shared degradation genes was unex- 
pected. The ubiquitous nature of the Sphingobium sp. 
opd gene found in each of these water-borne isolates 
demonstrates that potential sources of drinking water 
around the Houston metropolitan area have been and are 
being exposed to OP compounds through runoff or 
leaching of inoculated soil from nearby farmland, gar- 
dens, or are being contaminated from runoff out of water 
treatment plants. Given that both hydrolases identified in 
this study together cover a broad range of substrates 
these isolated strains could be very useful in future bio- 
remediative efforts for a variety of different compounds. 
Furthermore, taking into account its tolerance in harsh 
environmental conditions, its genetic complement for OP 
degradation even in the limiting absence of enzymatic 
cofactors, the isolate identified as a strain of E. indicum 
emerges as very strong candidate for bioaugmentation of 
contaminated wastewater and other aquatic environ- 
ments.  
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ABBREVIATIONS 

OP, organophosphorus, 
opd, organophosphorus degradation gene,  
PH, parathion hydrolase,  
OPH, organophosphorus hydrolase, 

mpd, methyl parathion degradation gene,  
MPH, methyl parathion hydrolase,  
CDMM, carbon-deficient minimal media),  
GSMM (glycerol-supplemented minimal media,  
CTAB, cetyltrimethylammonium bromide. 
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