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Abstract Logarithmically growing batch cultures of Es-
cherichia coli were exposed to sublethal concentrations of
pyrethroid and carbamate pesticides of four different tech-
nical grades. This induced 17–20 stress proteins, as observed
using two-dimensional polyacrylamide gel electrophoresis.
An E. coli culture growing exponentially in Luria Bertani
medium (cell density ~2.3×109 cells/ml) was exposed to
predetermined sublethal doses of individual pesticides. The
cells were harvested after 30 minutes of induction and the
stress response was developed in fresh LB medium for three
hours under the same growth conditions. Cell pellets were
obtained and stored in sonication buffer. Two-dimensional
polyacrylamide gel electrophoresis was performed to resolve
the proteins. Visualization of the protein spots by rapid silver
staining showed 17–20 stress proteins which were absent in
the standard protein profile of E. coli. On average 29% of
these stress proteins were unique to the pollutant, while the
remaining stress proteins overlapped with those of other
pesticides. The iso-electric points (PIs) and molecular
weights of the proteins were determined by comparing
with proteinmarkers with known PIs andmolecular weights.
Furthermore, upon comparing the pesticide-induced proteins
within the same class and between the two different classes
(pyrethroid and carbamate), it was apparent that the general
nature of the stress remained the same throughout, which
indirectly proved that the gene or set of genes responsible for
stress expression are also the same, irrespective of the
chemical nature of the substituents of the pesticides.
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Introduction

When organisms or cells are exposed to low levels of certain
harmful physical or chemical agents, the organisms acquire
an induced tolerance against the adverse effects [1–4].
Studies in microorganisms have provided evidence for
increased longevity, cell division rate and survival when
exposed to low doses of ionizing radiation, ultraviolet
radiation, electromagnetic radiation, and peroxide [5–8].
Pretreatment with a sublethal heat challenge has also been
implicated in the acquisition of cross-tolerance to additional
forms of insult, including exposure to alcohol, anoxia,
glumate toxicity, reactive oxygen species, salinity, nutrient
limitation, osmolarity, and endotoxins [9, 10]. The stress
proteins in E. coli have been characterized using heat,
radiation, heavymetals, oxidizing agents, nutrient starvation,
the SOS response, and organic solvents [11–18]. The fact
that specific patterns of proteins are expressed for a particular
stress has led to the use of stress proteins to monitor envi-
ronmental samples for the presence of particular pollutants
[19, 20]. Organisms other than E. coli have also been sub-
jected to various stresses in order to investigate cellular
behavior when the conditions in the medium change [21, 22].

In the present study, the stress proteins induced in re-
sponse to technical grade samples of four different pesticides
were analyzed in the hope that they could be used to qual-
itatively identify these pesticides in the environment. The
model system used to induce the stress proteins was E. coli
(BK 2012), and the model pollutants utilized as the stressors
were cypermethrin, zeta-cypermethrin, carbofuran and
bifenthrin. Technical grade pesticides were used as the ex-
perimental pollutants in order to provide a similar envi-
ronmental situation to that encountered agriculturally. The
effects of these pesticides were studied by comparing the 2-
D PAGE protein profiles with the protein profile of E. coli
without any induction. The induced proteins thus determined
may provide a method of quantifying adverse biological
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effects of exposure to pesticides in the environment when
examined in E. coli or other microorganisms from con-
taminated areas.

Materials and methods

Determining sublethal concentrations of E. coli
for different pesticides

Escherichia coli (BK 2012, CEMB Culture Collection Lab,
Lahore, Pakistan) was used as the model system. Technical
grade samples of four pesticides—bifenthrin, carbofuran,
cypermethrin and zeta-cypermethrin—belonging to two
different classes of pesticides (pyrethroid and carbamate)
were obtained from FMC (Pvt.) Ltd., Gulberg, Lahore,
Pakistan. Different concentrations of these pesticides were
solvated in absolute ethanol (ethanol final concentration
<1% [vol/vol]). The effects of the chemical pollutants on
bacterial growth rates were examined by introducing
various concentrations of pesticides to batch cultures of
the bacteria. The sublethal concentration of each pesticide
for E. coli was determined by examining its effect on the
survival rate of the bacteria. For this purpose, an inoculum
of E. coli grown overnight was diluted 100 times with LB
medium and incubated in a water bath shaker at 250 rpm
and 37 °C. At mid-log phase, when the cell density was
2.3×109 cell/ml, the culture was transferred from the flask
to five culture tubes. At this stage, different concentrations
of the four individual pollutants were introduced into
different culture tubes. One of the culture tubes was used as
a control. The optical density at 595 nm was then noted
every 30 minutes and sublethal doses of the pesticides were
determined by constructing growth curves for the bacteria
(Table 1 and Fig. 1).

Preparation of protein lysate

An inoculum of E. coli grown overnight was diluted 100
times with LB medium and then incubated in a water bath
shaker at 37 °C and moving at 250 rpm. At mid-log phase,
the cultures were exposed to predetermined sublethal doses
of pesticides, while the control was not exposed to any
pesticide. After 30 minutes of exposure, the cells were
harvested by spinning the culture in a centrifuge (JA 20,

Beckman, Fullerton, CA, USA ) at 7000 rpm for 10
minutes. The cell pellets thus formed were transferred to
fresh LB medium, and again incubated in a water bath
shaker under the same conditions to develop the stress
response. After 180 minutes, the cells were harvested using
the Beckman centrifuge. The cell pellets formed were
stored in sonication buffer in a refrigerator at –70 °C. The
protein lysate was obtained by sonicating the cells and
concentrating them into 10 kDa Centricones (Pall, Boston,
MA, USA).

Two-dimensional polyacrylamide gel electrophoresis

Protein profiles of E. coli for bifenthrin, carbofuran, zeta-
cypermethrin and cypermethrin were prepared by two-
dimensional polyacrylamide gel electrophoresis using a
Hoefer (San Francisco, CA, USA) ID 125 System. The
procedure originally described by O’Farrel [23] was
followed. The rapid silver staining technique [24] was
used to visualize the proteins. Profile analysis was carried
out using Bio 2-D software (V 6.32, Vilber Lourmat,
Marne-la-Vallée, France).

Results and discussion

The E. coli batch cultures were exposed to individual
pesticides in order to create an environment of stress. Three
different concentrations of each pesticide were introduced
to logarithmically growing batch cultures and the resultant
growth curves of E. coli were compared with the standard
(untreated) growth curve. Concentrations of 25 mg/l,
50 mg/l, and 75 mg/l of bifenthrin and carbofuran were
found to be sublethal concentrations for E. coli, whereas
50 mg/l, 75 mg/l and 100 mg/l were sublethal concentra-
tions of zetacypermethrin. Similarly, 30 mg/l, 45 mg/l and
60 mg/l of cypermethrin were sublethal doses for E. coli.
These concentrations had little effect on the growth rate of
E. coli.

The stress proteins induced in response to different
individual pesticides (bifenthrin, carbofuran, zetacyperme-
thrin and cypermethrin) were identified by comparing the
2-D PAGE protein profiles of E. coli cultures treated with
sublethal concentrations of these pesticides with the stan-
dard protein profile. The results obtained are summarized in
Table 2. The molecular weights and PIs of the stress pro-
teins were determined using Bio2-D by comparing them
with markers with known molecular weights and PIs.

The introduction of the four pesticides to E. coli induced
76 individual stress proteins (Table 2). Some of these
proteins overlapped with those induced by other pesticides,
while an average of 29% of these were unique to a specific
pesticide. Previous research on stress proteins has focused
on the use of induced stress proteins as biomarkers [17].
However, that research did not consider the use of stress
proteins in the context of soil pollution caused by excessive
and improper use of pesticides in developing countries like
Pakistan. Therefore, the present study was performed to

Table 1 Duration, concentrations and development times of the
pesticides introduced to E. coli

Sample
number

Sample Concentration
(mg/l)

Exposure
time (min)

Development
time (min)

1. Zeta-cyper-
methrin

50 30 180

2. Cypermethrin 30 30 180
3. Bifenthrin 25 30 180
4. Carbofuran 25 30 180
5. Cellular – 30 180

947



investigate this aspect of pollution. Any proteins that could
potentially be used to qualitatively identify stressors will not
occur with the control E. coli and they will not overlap with
the heat shock proteins already reported in the literature.

Sublethal concentrations of individual pesticides were
determined by introducing at least three different pesticide
concentrations to exponentially growing cultures of E. coli
and then comparing the resulting curve with the standard
curve of E. coli (the control). The results showed that the
stress proteins are induced at concentrations that have little
or no effect on the growth rate, and so these serve as a more
sensitive index than the growth rate. These results suggest
that stress protein analysis is a promising alternative (and

more sensitive) method for measuring toxic effects on
organisms at sublethal levels. There was a clear temporal
pattern to the synthesis of pesticide-induced stress proteins,
indicating sequential gene expression, as has been ob-
served for starvation [25], heat shock [26], SOS [27] and
oxidation stresses [28].

Fig. 1 Sublethal concentrations
of carbofuran for E. coli

Table 2 Analysis of 2-D PAGE protein profiles of E. coli induced
by different pesticides

Sample
number

Pesticide Number of
stress
proteins
induced

Overlapping
proteins

Unique
proteins

1 Bifenthrin 20 16 4
2 Carbofuran 20 11 9
3 Zetacypermethrin 19 12 7
4 Cypermethrin 17 15 2
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Fig. 2 2-D PAGE profile of the E. coli proteins induced by
bifenthrin (squares: overlapping; circles: unique)
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The challenge protocol (the concentration of the pesticide,
the duration of exposure and the time allowed for stress
response development) was selected in order to optimize the
resolution of stress proteins. Exposure of E. coli to the
abovementioned individual pesticides induced the produc-
tion of a large number of stress proteins to combat these
harmful effects. Some of the proteins were induced by more
than one pesticide. In contrast to the work of Blom et al.
[17], where a radioisotope labeling technique was used to
show that at least 50% of the stress-induced proteins were
unique to a particular pollutant, in the present study a rapid
silver staining technique was used to visualize protein spots
of 2-D PAGE protein profiles. Therefore, the relative
decrease in the number of unique stress proteins may be
explained by the detection limit (2–5 ng) of the rapid silver
staining technique. The protein profile of E. coli exposed to
bifenthrin showed the induction of 20 stress proteins
(Fig. 2). The molecular weights of these proteins ranged
from 38.33 to 29.20 kDa and the PIs ranged from 8.3 to 8.8
(see Table 3). The protein profile of E. coli exposed to
carbofuran showed the induction of 20 stress proteins. The
iso-electric points and molecular weights of these stress
proteins ranged from 5.0 to 8.8 and 28.69 to 102.18
respectively. Blom et al. [17] prepared protein profiles for E.
coli exposed to benzene and hexachlorobenzene (HCB), and
visualized the protein spots by autoradiography. They
observed 21 and 11 unique stress proteins for benzene and
HCB respectively. Therefore, it is evident that the
sensitivities of the silver staining technique and autoradiog-
raphy of radiolabeled proteins are similar. The protein
profile of E. coli exposed to zeta-cypermethrin showed 19
stress proteins. The molecular weights of these proteins fell
between 72.92 and 28.03 kDa, while their iso-electric points
ranged from 5.42 to 9.01. Likewise, exposure to cyperme-
thrin induced 17 stress proteins. The molecular weights of
these proteins ranged from 37.22 to 28.00 and the PIs ranged
from 6.36 to 9.34.

The analysis of stress proteins will aid the development
of more sensitive techniques for pollutant analysis. The
unique stress proteins could be purified and antibodies
could be raised to enable quick and sensitive detection of
xenobiotics in the environment.

The above work shows that unique stress protein
synthesis is a sensitive tool for environmental stress
diagnosis, and that the stress proteins could be used as
biomarkers for environmental pollutant identification.
Although modern analytical techniques can help us to
find pollutants in the environment, they are as yet unable to
predict the responses of cells to adverse changes in the
environment. Therefore, stress proteins could provide a
way to measure the effects of toxins on living organisms.

Our study of the stress proteins produced in response to
two different classes of pesticides (pyrethroids and
carbamates) showed that the same stress patterns were
obtained for different substituent chemical groups within
the same class and for the two different classes, indicating
that the gene or set of genes responsible for stress
expression were the same irrespective of the class or
nature of the substituents on the pesticides.
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