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Abstract: Two closely related strains of Rhodococcus species, isolated from amline polluted
tropical ecosvstem, were able to utilize aniline as carbon source in 3.0 and 4.0 mM
concentrations at 30°C and pH of about 6.4. Rapid increase in turbidity and a sharp decline
in pH were observed in the cultures of both organisms within 24 h of incubation. Shortly
after the period, growth became slower. Turbidity values obtained at 4.0 mM concentrations
of aniline was about twice the values obtained at 3.0 mM concentrations. Aniline
concentrations of 10 mM and above were found to be toxic for the organisms. Riodococcus
species because of its significant prevalence in agricultural soils can be used as an effective
means of recovering tropical agricultural land polluted with aniline, aniline-based herbicides
or its derivatives.
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INTRODUCTION

Amniline is a widely distributed environmental pollutant released into the environment from
industrial processes, primarily in the effluents of dye mamufacturing (Meyer, 1981) and agricultural
chemicals (Kearney and Kaufmann, 1975). According to Neilson (1994), aniline is used in the
manufacture of aromatic amide, dyes and pharmaceuticals. Aniline is released mainly during the
course of its use as chemical intermediate in the production of polymers, pharmaceuticals and dyes
(USEPA, 1985).

They are ubiquitous in the environment and are formed as the initial microbial transformation
products from a number of agrochemicals such as carbamates, urea and aromatic amide. Aniline in
solution adsorbs to colloidal organic matter which effectively increase its solubility and movement into
ground water. Aniline (Pka of 4.596) is also moderately adsorbed to organic matter in the soil and
adsorption is dependent upon soil pH (Howard, 1989). Tt slowly volatilizes from soil and surface
water and is biodegradable. Although rapidly degraded in the atmosphere by a series of photochemical
reactions (USEPA, 1985), aniline can be deposited in the soil by wet and dry deposition and by
adsorption on acrosol particles. The primary toxic effect resulting from acute exposure to aniline, by
inhalation or by oral route, is methemoglobinemia, usually accompanied with anoxia, erythrocyte
damage and spleen effects (USEPA, 1985). Aniline bound to humic materials in the soil is subject to
oxidation (Howard, 1989). Photo degradation of aniline on the soil surface is also thought to be an
environmentally important removal process (USEPA 1985). The combination of these processes
eventually results in the degradation of aniline to carbondioxide (CO,).
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Soil microorganisms had shown that through acclimatization or mutation they alter their metabolic
pathways for a more efficient utilization of synthetic compounds. Microbial enzymes often have a
surprisingly broad specificity and in addition to their natural substrates will degrade with greater or
lesser efficiency numerous analogs and sometimes even structurally quite unrelated compounds
(Bollen, 1961). Microbial transformation and degradation are major mechanisms to eliminate amiline
from the environment. Degradation of 44.2% of the incubated aniline to CO, in 10 days and 12% in
20 days, respectively by different isolated soil microorganism have been demonstrated in the
laboratory (USEPA, 1985). A number of microorganisms in soil can use aniline as a sole carbon and
nitrogen source. Several microorganisms in particular bacteria have been implicated in the utilization
of aniline. Bacterial species of Pseudomonas (Hinteregger et al., 1992), Comamonas (Parales et al.,
1997) Acinetobacter and Rhodeococcus (Aoki ef al., 1983), Frateuria (Murakumi ef af., 1999) and
Norcadia (Bachofer ef al., 1975) and Delfiia sp. AN 3 ( Liu ef af., 2002 ) have been shown to be able
to degrade aniline or its derivatives. Products apparently formed from its oxidation include azobenzene,
phenazine, formalin and acetamlide (USEPA, 1985).

In the present study, two related strains of aniline-utilizing bacteria from the Nigerian soil, a
tropical ecosystem, were isolated and characterized. This is aimed at determining the biological fate of
aniling in the tropical ecosystem.

MATERIALS AND METHODS

Chemicals and Reagents

All chemicals and reagents were of analytical grade. Aniline was obtained from Merck,
Germany. All other chemicals and reagents were obtained from Sigma Chemicals Co. Ltd.,
England.

Selection and Preparation of Site

The study site was within the Akoka campus of the University of Lagos. The site had physical
characteristics of'a loamy soil with high moisture content (55%) which is ideal for agricultural farming.
Twenty milliliters of aniline was soaked with a cotton wool and transferred to a beaker wrapped with
aluminum foil and autoclaved at 121°C for 15 min. This was cooled and buried, about 12 cm deep, in
the tropical soil. The aniline soaked cotton wool was exhumed after 7 days and aseptically transferred
into 1L of a sterilized enrichment medium which consists of (g L™1: K,HPO,, 7. 0; KH,PO,, 3.0;
MgS0,. TH,0O, 0.1, yeast extract, 0.05 and Aniline (Carbon source) 1.2.0 (Liu ef al., 2002). The pH was
adjusted to 6.5.

Isolation of Aniline-Degrading Bacteria

Aniline-degrading bacteria were isolated from the distinct bacterial colonies obtained by plating
out 0.1 mL aliquots of serial dilutions of the enrichment medium containing the bacteria on sterile
aniline agar plates. The aniline agar contained (g L™1): K,HPOA4, 7.0, KH,PO,, 3.0, MgSO,.7H,0, 0.1;
yeast extract, 0.05; Aniline, 1.2 and Agar, 12.5 (Liu ez @/, 2002). Pure isolates were obtained by
sub-culturing on the aniline agar.

Identification of the Bacterial Isolates
The pure bacterial isolates, strains A-deg 1 and A-deg 2., were identified on the basis of
their morphological features and biochemical tests (Cowan, 1985; Olutiola et al., 1991).

Growth Profiles of the Isolates

The isolates were cultured in the enrichment medium containing 3.0 or 4.0 mM aniline as
sole carbon source and placed in 200 ml conical flask and incubated on rotary shaker at 30°C
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for 21 days. Growth was monitored by measuring the twrbidity at 540 nm using Biomedical
Colorimeter (USA) and pH using a digital pH meter.

RESULTS

Two closely related strains of bacteria capable of degrading aniline (A-deg 1 and A-deg 2) were
isolated from Lagos, Nigeria. Theisolates of aniline degraders were identified as two different strains
of Rhodococeus species by comparing their morphological and biochemical characteristics with
standard reference organisms (Cowan, 1985; Olutiola, 1991). The two strains of the organism differed
only in the area of nitrate and maltose utilization. The strain of Rhodococcus species (A-deg 1) gave
positive growth in the nitrate broth and no growth in maltose medium whereas the other strain
(A-deg 2) vielded no growth in the nitrate broth and significant growth in maltose containing medium
(Table 1).

The growth studies showed that both orgamisms (A-deg 1 and A-deg 2 can grow in the minimal
medium containing aniline as sole carbon sources. Rapid increase in turbidity and a sharp decline in pH
were observed in the cultures of both organisms within 24 h of incubation. Shortly after the period,
growth became slower. Higher turbidity was obtained at 4.0 mM concentrations of aniline, about
2-times the values obtained at 3.0 mM concentrations. More growth was obtained at 4.0 mM. When
the orgamism was cultured in medium containing 3.0 mM aniline, the O.D. rose to 0.07 at day 1 and
subsequently to 0.082 at dav 21 whereas the pH declined from 6.54 to 6.34 within the 21-day period.
At 4.0 mM aniline, the OD was 0.135 at day 1 and 0.167 at day 21 while the pH declined from
6.54 to 6.37 within the same period (Fig. la and b). Higher turbidity was observed at 4.0 mM
aniline concentrations compared to 3.0 mM concentrations. At 3.0 mM concentration, the OD was
0.06 at day 1 and 0.08 at day 21; the pH declined from 6.54 to 6.33 after 12 days of incubation. The
OD was 0.13 at day 1 and 0.16 at day 21 whereas the pH decreased from 6.54 to 6.34 within the 21-
day period of incubation (Fig. 2).

Table 1: Morphological and biochemical characteristics of bacteria isolates capable of degrading aniline
Aniline-degrading bacteria (A-deg)

Parameters (A-deg 1) (A-deg 2)
Gram's reaction +ve +ve
Motility test -ve -ve
Catalase test +ve +ve
Oxidase test -ve -ve
Gelatin hy drolysis -ve -ve
Urease activity -ve +ve
Spore formation -ve -ve

Starch hydrolysis +ve +ve

Colour appearance
Acid fast

Creamy, irregular, opague appearance
+ve

Creanty, irregular, opaqueappearance
+ ve

Growth in nitrate broth +ve -ve
Growth in 5% NaCl +ve +ve
Cellular morphology Cocci and short rods Cocci and short rods
Growth in air +ve +ve
Growth at pH 6.0 +ve +ve
Growth at 35°C +ve +ve
Mannose +ve + ve
Maltose -ve +ve
Mannitol +ve +ve
Lactose +ve + ve
Glucose +ve +ve
Sucrose +ve + ve

Most probable organism

Rhodococcus species

Rhodococcus species

+ve = Growth; -ve = No growth
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Fig. 1. Growth profile [Absorbance (4), pH (®)] of Aniline-degrading Bacteria (A-deg 1) incubated
at 30°C in (A) 3.0 mM and (B) 4.0 mM concentrations of aniline for 1-21 days

0.087 A ~ 6.55
- 6.50
- 6.45

- %
- 6.40
’ - 6.35

0.00 6.30

OD at 540 nm
-3 =3
£ 3

<
5

0 5 10 15 20
Incubation period
0.161B - 6.55
g L 6.50
0.12
¥
] - 6,45 T,
£0.08
e - 6.45
0.04 L 6.35
0003 : o 5 20 P
Incubation period

Fig. 2: Growth profile [Absorbance (4), pH (®)] of Aniline-degrading Bacteria (A-deg 2) incubated
at 30°C in (A) 3.0 mM and (B) 4.0 mM concentrations of aniline for 1-21 days
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DISCUSSION

In this study, two wild strains of Rhodococeus species were isolated from Nigerian tropical
ccosystem with the demonstration of ability to thrive in mimimal broth containing 3.0 and 4.0 mM
concentration aniline as sole carbon sources. Aniline-degrading Rhodococcus species had been isolated
in temperate ecosystem (Aoki er af., 1983). A thorough look at the pH and optical density (turbidity)
readings of the growth profile of the Rhodeceoccus species indicated a similar trend at 3.0 or 4 mM
concentrations. As the pH was decreasing, the turbidity increases. This is in consonance with single-
substrate enzyme-catalyzed reactions. In terms of tolerance to aniline, no growth of the strains
Rhodococcus species was obtained after 10.0 mM concentrations of aniline. This means that higher
levels of aniline were toxic to the organisms. This is lower than levels reported for some aniline
degrading organisms. Pseudomonas sp. which thrives in concentrations of up to 32.0 mM aniline
(Konopka ef al., 1989) and Delftia sp. AN3 growing in concentrations of up to 53.8 mM aniline
have been described (Liu er @/, 2002). This is in view of the fact that the isolates unlike the
Pseudomonas sp. and Delftia sp. are Gram-positive bacteria. Gram-positive bacteria are usually more
sensitive than Gram-negative ones towards lipophilic toxic substrates, possibly because they lack
protection by the outer membrane (Prescott ef af., 2002).

From studies on bacterial growth kinetics, the time interval involved in the lag and log phases of
growth are very short. This could be due to acclimatization and adaptation of the organisms to aniline
during the selection stage. As the concentration of aniline in the minimal broth was increased from
3.0 to 4.0 mM, there appeared to be a corresponding increase or induction of the enzymes involved
in the degradation of aniline. This proposes that in the presence of aniline certain enzymes involved
for the degradation are produced. The decrease in pH with increasing turbidity is in agreement with the
general knowledge about microbial degradation, particularly in batch fermentation. Liu ef af. (2002)
proposed a pathway for aniline degradation in Delftia sp. AN3 leading to the production of acidic
intermediates such as 4-oxalocrotonic acid, 4-hydroxy-2-oxovaleric acid and pyruvic acid. Production
of such acidic compounds in the culture medium could aceount for the decline in pH. According to
Wilson ef of. (1983) and Swindoll er af. (1988a), subsurface bacteria are known to degrade aniline at
concentrations below 0.1 mg L™, but mineralization often represents less than 10% of the total
metabolism while the remaining is incorporated into biomass. Hence, the increase in turbidity signifies
growth which invariably means utilization of the aniline.

Rhodococeus species are prevalent in soils. This makes it a good choice for use in bioremediation.
And above all, it is safe and cost-effective because of the competitive advantage over non-indigenous
or foreign organisms within our environment.
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