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Abstract A new strain of Pseudomonas aeruginosa
growing in a rice field contaminated with herbicide and
effluents of a factory manufacturing explosives was isolated.
This isolate showed excellent growth in unusually high
concentration of acrylamide (60 mM). It utilized acrylamide
as the sole source of carbon and nitrogen for growth. Other
amides such as acetamide, butyramide, isobutyramide, and
methacrylamide were also utilized for the growth by this
isolate. Acrylamide was degraded into acrylic acid and
ammonia by the enzyme amidase. More than 65% of added
acrylamide (40 mM) was converted into acrylic acid after
40 h of growth of the culture. Amidase activity was inducible,
the highest activity being observed with isobutyramide (12.5
UM ammonia/mg protein/min). These results demonstrate
that this bacterium can degrade a variety of amides.
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Acrylamide, a derivative of acrylonitrile, is widely used
as an agent in the manufacture of acrylic and methacrylic
resins and as a solvent in petrochemical and dye-stuff
industries [9]. Acrylamide and certain other amides are
also used in the manufacture of herbicides and pesticides.
Both acrylonitrile and acrylamide are neurotoxic,
mutagenic, and carcinogenic in nature [8]. The extensive
and indiscriminate use of highly dangerous compounds
such as acrylamide and polyacrylamide have led to the
contamination of soil, water, and plants at an alarming
rate [7, 16, 25]. It has been demonstrated that unreacted
acrylamide from the polymer manufacturing process may
be transported into plants from contaminated soil and
water [22]. Acute acrylamide poisoning from contaminated
water has also been reported [11]. It has been established
that acrylamide is degraded rapidly at low concentrations
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(10 ppm) in surface water, higher concentrations are
slower to degrade [7], and may remain stable for more
than 60 days in tap water [3].

Very little is known about the microbial metabolism
of acrylamide [6, 14]. Shanker et al. [24] reported a very
slow rate of degradation of acrylamide to acrylic acid
and ammonia by a Pseudomonas sp. Nawaz et al. [20]
made serious attempts to isolate acrylamide degrading
bacteria from amide contaminated soils. But they found
only two species which were potential degraders of
acrylamide and other amides, namely, a Pseudomonas sp.
and Xanthomonas maltophilia. They demonstrated that
the rate of degradation could be enhanced following
immobilization of cells on calcium alginate.

Amidase, the initial enzyme responsible for degradation
of acrylamide, has been isolated and purified from
Pseudomonas chlororaphis [5]. However, no report is
available on the factors involved in acrylamide degradation,
because of the failure in isolating sufficient number of
amide-degrader species.

The main objective of this study was to isolate
acrylamide degrading bacteria from sites having a
history of amide contamination. It was also desirable to
test whether the bacteria capable of degrading acrylamide
possess the physiological machinery needed to degrade
other related amides.

MATERIALS AND METHODS

Test Organisms and Culture Conditions

Acrylamide degrading bacteria were isolated from soil
samples receiving regular treatment of herbicides or from
the effluent of a factory near Gomia (Bihar, India) that
manufactures explosives. Twenty soil samples from
different rice fields were collected and 5 g of each soil
sample was placed in 50 ml of phosphate buffered
medium in screw-capped flasks. Phosphate buffered
medium (PBM) contained: K,HPO,, 1.0; KH,PO,, 1.0;
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MgSO0,-7H,0, 0.2; CaCl,-2H,0, 0.02; and D-glucose,
1.0 (g/1), and 1.0 ml of a trace elements solution free
of nitrogen source as per White et al. [26]. Acrylamide
(10 mM) was added in place of glucose in the above
medium so as to test its utilization as the sole source of
carbon and nitrogen. All the flasks were incubated at
30°C and after 10 days of incubation, 2 ml suspension
was transferred into fresh medium (50 ml). After 10 days
of incubation, 2 ml suspension was again retransferred
into fresh PBM. After five consecutive transfers, 10 ml
suspension was removed from each flask and after
centrifugation, the supernatant was tested for ammonia,
which would reveal acrylamide degradation [18, 20].
Samples showing a positive test for ammonia were
retained for the isolation of bacteria.

Isolation and Identification

Isolation, purification, and identification of pure cultures
from mixed cultures showing a positive test for ammonia
production were made by employing standard microbiological
techniques [10]. The purity of a culture was based on
morphological characteristics and biochemical tests (Table 1).

Estimation of Growth

1 ml aliquots (OD=0.8) from exponentially growing
cultures were inoculated into 50 ml of the growth
medium containing acrylamide or other amides and
incubated at 30°C. Absorbance at 600 nm was determined
at desired time intervals in a Milton Roy 1201
Spectrophotometer (Milton Roy, Rochester, U.S.A.).

Test for the Degradation of Acrylamide
After the determination of growth, the cells were
centrifuged at 15,000 x g for 10 min at 4°C in a Sorvall

Table 1. Morphological and biochemical characters of the
bacterial isolate.

Characters Nature/Response
Colony morphology Creamy
Cell shape Rod
Cell size 0.8-2.0 pm
Number of flagella 1-5
Movement Motile
Pigment production Green
(pyoverdin)
Biochemical tests:
Catalase +
Oxidase +
Urease +
Nitrate reductase +
Arginine dihydrolase +
Ornithine decarboxylase -
Carbohydrate utilization:
Glucose Acid
Xylose Acid

-, negative reaction; +, positive reaction.

RC-5 B refrigerated superspeed centrifuge. The
supernatant was analyzed for ammonia, acrylic acid,
and acrylamide. Ammonia was estimated according to
Kaplan [13]. Acrylamide and acrylic acid were identified
and quantified by gas liquid chromatography using
a 5700 Nucon gas chromatograph (Nucon Engineers
Ltd., New Delhi) equipped with a flame ionization
detector and silica gel column. The injection and detector
temperature were 180 and 250°C, respectively. Nitrogen
was used as the carrier gas at a flow rate of 1.5 ml/min.
Peaks were identified by the retention times and
quantified with reference to a standard prepared from
known quantities of pure acrylamide and acrylic acid in
PBM.

Enzyme Assay

Amidase activity was determind by measuring the
ammonia released from acrylamide [1]. Activity was
based on the crude enzyme present in cell extract. Cell
extract was prepared after Nawaz et al. [19]. Culture was
grown in a 2-1 flask containing 600 ml of PBM
supplemented with desired amides. After 80 h of growth,
cells were centrifuged (15,000 g, 15 min, 4°C) and the
resulting pellet was suspended in 10 ml phosphate buffer
(50 mM, pH 7.5). After one wash the suspension was
sonicated for 5 min at intervals of 15 sec in a sonicator
(Branson Sonifier 450). The extract made was
centrifuged (15,000 g, 20 min, 4°C). The supernatant
served as a source of crude enzyme.

Enzyme activity was measured in a reaction mixture
containing 0.9 ml phosphate buffer (100 mM, pH 8.5),
20 mM acrylamide and 100 pl of crude extract (approx.
40~50 ug of protein). Samples were incubated at 30°C
for 30 min. Reaction mixtures containing crude extract
but no substrate served as controls. One unit of amidase
activity was defined as the amount of enzyme that
catalyzed the formation of 1 pmol of ammonia/min.
Protein was measured according to Lowry et al. [17].

SDS-PAGE of Proteins

SDS-polyacrylamide gel electrophoresis was carried out
in a vertical system (2001, Pharmacia, LKB, Uppsala,
Sweden) with gels of 155X% 130 mm, 1.5 mm thick,
using the method described by Laemmli [15]. Gels were
stained with Coomassie Brilliant Blue R250 and dried in
a gel dryer (Bio-Rad, Richmond, U.S.A)).

Chemicals

All the amides, acrylic acid, and chemicals used in SDS-
PAGE and enzyme assay were obtained from Sigma
Chemical Company, St. Louis, MO, U.S.A. All other
chemicals used were of highest purity level and
purchased from SISCO Research Laboratories, Mumbai,
India.



RESULTS

Of the 20 soil samples tested, four showed growth of
bacteria in PBM supplemented with acrylamide. Their
culture filtrates were found to be positive for ammonia.
This enrichment procedure allowed us to isolate putative
acrylamide degrading bacteria. Cells from all the four
cultures showed identical morphological features and
biochemical responses and were identified as
Pseudomonas aeruginosa (Table 1). They produced the
greenish pigment which is characteristic for P.
aeruginosa strains. Identification was also based on its
growth on P. aeruginosa isolation agar and King's
medium [10].

Test of Growth on Acrylamide

Growth of one of the isolates was tested in PBM
supplemented with varying concentrations of acrylamide.
This isolate grew in as high as 60 mM of acrylamide; its
complete growth inhibition was noticed at 80 mM (Fig.
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Fig. 1. Growth pattern of P. aeruginosa with different amides.

(a) Growth with varying concentrations of acrylamide: PBM control
O0—0;20 @ —e@; 40 m — m; and 80 mM x—x acrylamide in
PBM. (b) Growth with various other amides: acrylamide © — O;
butyramide ® — ®; isobutyramide X —x; methacrylamide 0 — O;
and acetamide ® — m. Each amide was added in PBM at 20 mM
final concentration. Equal inoculum was added in each set and the
culture was incubated at 30°C.
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la). Growth with 20 mM acrylamide was more or less
similar to that in control (PBM-+glucose). Since PBM
does not contain any other source of carbon and nitrogen,
acrylamide addition meets the requirement of both
carbon and nitrogen source for growth and development
of the cells.

Once it was evident that P. aeruginosa utilized
acrylamide, its growth was tested with a few other
amides. This isolate grew in acetamide, butyramide,
isobutyramide, and methacrylamide (Fig. 1b). Out of all
the above amides, maximum growth was observed with
acrylamide followed by butyramide and isobutyramide.
Growth was very poor with acetamide.

Products of Acrylamide Degradation

Gas chromatographic analysis of culture filtrates
collected after 60 h growth of P. aeruginosa with
acrylamide revealed that acrylamide was transformed to
a compound with a retention time of 4.3 min. This was
identified as acrylic acid (Fig. 2). Another peak which
appeared after 7.4 min was detected as acrylamide. The
culture filtrates also showed accumulation of ammonia.

Time Course Degradation of Acrylamide
Time course analysis of culture filtrates showed higest
accumulation of acrylic acid (26 mM) at 40h and
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Fig. 2. Gas chromatographic response of acrylamide degradation
product by P. aeruginosa.

Peaks shown as AA stand for acrylic acid and AM for acrylamide.
Culture filtrate from 60 h old culture grown on acrylamide was used

for GLC analysis. Identification of peak was based on standard acrylic
acid and acrylamide run separately.
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Fig. 3. Time course of cell growth with acrylamide and the
formation of products.

Culture was grown at 30°C in PBM containing 40 mM acrylamide.
Symbols: acrylamide ® — @ ; acrylic acid O — O; ammonia ® — & ;
and cell growth (Agq) O — O.

thereafter there was an abrupt decline. Disappearance of
acrylamide coincided with the highest accumulation of
acrylic acid in the growth medium (Fig. 3). On the other
hand, the decrease in the concentration of acrylic acid
elicited close correlation with the increase in the bacterial
growth. The concentration of acrylic acid decreased to
3 mM at 80 h whereas, the absorbance (Aq,) of culture
increased from 0.04 to 1.15. In addition to acrylic acid,
ammonia accumulated in the medium. The highest
concentration of ammonia was observed at 40 h and
gradually declined. The trend of decrease was identical
to that for acrylic acid.

Amidase Activity

Possible involvement of amidase in the conversion of
acrylamide to acrylic acid and ammonia was tested in
cell extract of P. aeruginosa. Cultures grown with
acrylamide or other amides showed a significant level of
amidase activity. Highest activity was noticed with
isobutyramide followed by acrylamide (Table 2). The
activity was optimum at 30°C and pH 7.0.

Cells grown on glucose did not show amidase
activity, suggesting an inducible nature of this enzyme.
Addition of acrylamide to cultures did not lead to instant
appearance of amidase activity; rather, the activity
appeared after 4 h. This activity was blocked if cultures
received treatment of chloramphenicol (25 pg/ml) plus
acrylamide. However, cells grown on any of the above
amide sources showed full activity in cell extracts
irrespective of the specific substrate used in the assay
mixture.

Table 2. Amidase activity in P. aeruginosa with various
substrates.

Amidase activity

Substrate (UM ammonia/mg protein/min)
Acrylamide 12.0
Methacrylamide 8.5
Butyramide 10.5
Isobutyramide 12.5
Acetamide 11.2
Glucose Nil

Cultures were grown with 40 mM of each amide separately. Amidase
activity was estimated after 96 h of growth. Activities are based on
averages of three replicates each.
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Fig. 4. SDS-polyacrylamide gel electrophoretic pattern of
total protein of P. aeruginosa after growth on varying
concentrations of acrylamide.

Lane a, 20 mM; b, 40 mM; ¢, 60 mM; d, 80 mM acrylamide in PBM; e,
only PBM; f, molecular weight marker proteins. Numbers on the right
denote MW in kDa. Arrows indicate the appearance/loss of protein bands.

Protein Profile

SDS-PAGE showed minor alterations in intensity as well
as number of protein bands (Fig. 4). High molecular
weight protein bands started disappearing following
growth of cultures at 40 mM of acrylamide. Certain new
bands appeared specifically after growth on acrylamide
(55 and 22 kDa).

DISCUSSION

Except for the reports of Nawaz et al. [20,21] and
Shanker et al. [24}], there is no information about the
isolation of acrylamide-degrading bacteria. We have
isolated a strain of P. aeruginosa which quite effectively



degrades acrylamide. Our results indicate that acrylamide-
degraders could be readily found in soils contaminated
with amides or their derivatives such as herbicides.
Nawaz ef al. [20] also reported the isolation of
acrylamide-degraders from soils contaminated with
propanil (acrylamilide). It has been demonstrated that
herbicides are transformed to amides by soil microflora
[23]. Obviously, amides released in the soil after
breakdown may support growth of acrylamide degrading
microorganisms.

That growth was solely due to degradation of
acrylamide to acrylic acid and ammonia was evident
from the data of gas chromatographic analysis of culture
filtrates. Growth data demonstrate that acrylamide was
used as the sole source of carbon and nitrogen for the
synthesis of required cell constituents. On this point, our
results are in agreement with earlier reports [20, 21]. In
addition to acrylamide, our isolate showed appreciable
growth with a variety of amides. It appears that this
strain possesses the required physiological machinery to
grow sustainably on a variety of amides. Conceivably,
this isolate degrades other amides to their respective
carboxylic acids and ammonia which in turn support
growth. Differences in growth rate and yield with various
amides could be due to differences in preferential uptake
of individual amides. It is pertinent to mention that
although numerous bacteria can degrade a variety of
aliphatic amides [4, 6, 18], only a few species can utilize
acrylamide as the sole source of carbon and nitrogen.
It has been demonstrated that the vinyl moiety of
acrylamide has deleterious effect on the sulfhydryl
proteins and this might be one of the possible reasons for
rendering most bacterial strains ineffective in degrading
acrylamide. In contrast, certain strains of Arthrobacter
and Pseudomonas do utilize acrylamide but fail to
metabolize butyramide, propionamide, isobutyramide,
and methacrylamide [19, 21].

That the present isolate is indeed an efficient
acrylamide degrader is evident from the rate of
acrylamide disappearance from the medium. The culture
filtrate showed almost negligible level (<1 mM) of
acrylamide after 40 h of growth. Acrylic acid and
ammonia, the products of acrylamide degradation, were
also exhausted from the medium when cultures attained
maximal growth. These findings indicate that the
degradation of acrylamide by P. aeruginosa is real and
occurs at a high rate.

The role of amidase in conversion of aliphatic amides
to their carboxylic acids and ammonia has been previously
studied in a few bacteria [1, 2, 5, 12, 20]. Asano et al. [1]
demonstrated that nitrile hydratase converted acrylonitrile to
acrylamide, and amidase transformed acrylamide to acrylic
acid and ammonia. We have observed high activity of
amidase in cultures grown on acrylamide. This shows
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that amidase hydrolyzes acrylamide to acrylic acid and
ammonia. Amidase was active in cells grown on other
amides (acetamide, butyramide, isobutyramide, and
methacrylamide). However, the highest activity was
noticed with isobutyramide. This suggests that the specific
activity of the enzyme was not necessarily correlated
with the growth rate. We have also demonstrated that
amidase was inducible in nature since treatment of
cultures with chloramphenicol abolished its activity. The
presence of an inducible type of amidase has been
recently demonstrated in an acetonitrile-utilizing bacterium,
Rhodococcus erythropolis A10 [2].

The general protein profile of cells grown with
acrylamide suggests that this bacterium indeed alters its
biochemical properties. This is seen from the
electrophoretic pattern of protein bands where a few
protein bands were found to be lost and at least two new
bands appeared. Most probably, the protein band of 55
kDa might be that of amidase. This is a tentative
speculation since we have not characterized any protein;
it is, however, known that amidase from P. chlororaphis
B23 has a native molecular mass of about 105 kDa and
is a homodimer whose subunits have a molecular mass
of 54 kDa.

In summary, it may be concluded that P. aeruginosa
is a potent degrader of a variety of amides and may be
useful in bioremediation of amide contaminated soils.
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