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A large number of mercury-resistant nitrogen-fixing bacteria were isolated
by screening soil samples from agricultural farms of West Bengal, India.
All of the samples were found to contain significant quantities of mercury.
Twenty five of the pure isolates were identified to the generic level following
Bergey's Manual of Determinative Bacteriology, 8th edition. These
organisms were resistant to HgCI, and a few of them were resistant to
phenylmercuric acetate (PMA) as well. Their mercury resistance was also
associated with antibiotic resistance properties. Growth of two
mercury-resistant N2-fixing organisms was monitored in liquid media
supplemented with HgC12. The mercury volatilizing capacity of four
mercury-resistant bacterial strains was also determined.

Earlier interest on studies of mercury pollution centered on mercury-polluted
fish (12,20) and cereal grains (1). Since then our knowledge about this subject has
rapidly increased. That the toxic effects of this metal in the environment can be
counteracted by microbial cells is now well established. Many common bacterial
cells may carry plasmids conferring resistance to Hg2 + and organomercurials (4, 7,14,19, 20).
So far we have little information about mercury resistance in nitrogen-fixing
soil bacteria. However, the biological effect of a mercury fungicide on the
nitrogen-fixing blue-green alga Nostoc muscorum was studied by Prasad et al.
who isolated stable mercury-resistant mutants from this organism (16). The main
sources of mercury compounds that may enter into soil systems during agriculture
are mercury-based pesticides and fungicides used as seed dressers (6). So it is possible
that nitrogen-fixing soil bacteria, being abundantly present in soil, may be exposed
to mercury compounds and thereby may become mercury-resistant. Hence, with
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MATERIALS
AND METHODS
Soil samples were collected from agricultural farms scattered over different
parts of West Bengal. A suspension of each soil sample was prepared by shaking
1 g of soil with 50 ml of 0.1 M potassium phosphate buffer (pH 7.0) and 0.2 ml of
each clear suspension and 0.2 ml of serially diluted suspension was plated on
mannitol agar medium (Mannitol-l 5 g, K2HP04*-0.5 g, Mg504.7H2O-Q.2 g,
Ca504.2H2O-0.1 g, NaCI-0.2 g, FeC13-0.005g, Na2Mo04.2H2O-0.005 g, Deionized water-1 1, pH 7.2, agar-20 g). Note that the mannitol agar medium was
free from any nitrogen contamination as it did not support the growth of common
bacterial cells such as Escherichia coli, Bacillus subtilis etc.
Serially diluted suspension was required for determining total N2-fixing
bacterial counts per ml of the undiluted suspension. Agar plates containing 0.2 ml
of serially diluted suspension had to be incubated for 3 days at 32°C to grow
N2-fixing bacterial colonies, and to grow Hg-resistant N2-fixing colonies, mannitol
agar plates containing 8.4µg of HgCl2/ml and difinite volumes of undiluted
suspension were incubated for 5 days at the same temperature. The total number
of N2-fixing colonies per gram of each soil sample was determined, with or without
HgC12. To determine the total count per gram of a soil sample, an average of six
counts was accepted. The concentration of HgC12 used during the isolation of
mercury-resistant organisms was higher than that required for inhibiting gram
positive and gram negative bacterial cells. Bacterial colonies isolated on mannitol
agar medium were sub-cultured thrice in liquid mannitol broth to minimize fixed-N
carryover.
The bacterial cells from the isolated colonies were purified by streaking and
then picking single colonies on the same medium. This type of operation was
repeated thrice to procure pure bacterial strains, and organisms from forty colonies
were subsequently identified following Bergey's Manual of Determinative
Bacteriology, 8th edition, 1974 (2).
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Identification of mercury-resistant N2fixing soil isolates as Bacillus sp. These
isolates were rod shaped, gram positive, motile, catalase-positive, oxidase-negative.
They produced endospores, and acid and gas were the products of their action on
glucose. No acetoin was formed. These tests clearly indicated that these isolates were
Bacillus macerans and not Bacillus polymyxa.
Identification of mercury-resistant soil isolates as Beijerinckia sp. (N2fixing) . These isolates formed no water-soluble green fluorescent pigment but after
aging for several days the color of the colonies changed to amber brown. They
were gram-negative rods, catalase-positive, oxidase-negative and motile. They grew
well on casein agar surface and used nitrate as the N-source but did not utilize
lactose. They did not grow at 37 °C but grew well between pH 3 and pH 10. They
had a tendency to form pellicles on the liquid medium. From the above tests it was
concluded that these isolates were Beijerinckia mobilis.
Identification of soil isolates as Azotobacter and Azomonas. These were large
ovoid cells, did not produce endospores. They were gram-negative, catalase-positive
and oxidase-negative. Their characteristic properties were similar to those of
Azotobacter sp. and Azomonas sp. and are shown in Table 2.
Determination of total mercury content per gram of soil samples collected from
different agricultural farms. One gram of soil sample was put in a 50-m1 volumetric
flask. Separate flasks were used for separate estimations. Concentrated nitric acid,
5 ml, was added to each of them and the contents were cooled in ice water. After
adding 5 ml of concentrated H2SO4 the contents were mixed by gentle swirling by
hand. The contents were again cooled in ice water. The flasks were placed in a
water bath maintained at 60-70°C for 2 h and swirled occasionally. The flasks
were then removed from the water bath, cooled in ice water, and 20 ml of
demineralized water was added to each flask which was allowed to cool again at
room temperature. KMnO4 solution 5 ml, 5% (w/v) was added and the contents
were mixed thoroughly and left overnight. Next day 5% (w/v) hydroxylamine
sulphate were added dropwise until all the brown manganese dioxide and excess
permanganate were reduced and the solutions became colorless. Demineralized
water (15 ml) were added and the flasks were then left for 1 h at room
temperature. The mercury content of the solutions prepared from the soil samples
were then measured by a mercury analyzer, which is a cold-vapor, atomic-absorption
spectrometer [manufactured by Electronic Corporation of India (ECIL),
Hyderabad] (5, 8,11).
Determination of minimal inhibitory concentration (MIC) of HgCl2 and
phenylmercuric acetate (PMA) against N2-fixing soil isolates. The MIC values of
HgCl2 and PMA against the organisms were determined using filter paper discs
(4 mm diameter) and nutrient agar plates (18). The respective concentrations of
HgCl2 and PMA selected for this experiment were: 12.5, 25, 50,100, 150, 200, 300,
400, 500, 600, 700, 800 nmol per disc and 5, 10, 12.5, 25, 50, 75, 100, 125, 150, 175,
200 nmol per disc. Bacterial strains were considered sensitive to HgC12 if the zone
of inhibition of growth by the agar disc method appeared at 12.5 nmol per disc
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and sensitive to PMA if at 5 nmol per disc of PMA the zone of inhibition of
growth by the same method was prominent. MIC values were also
checked by agar dilution tests.
Determination of antibiotic resistance spectra of Hg-resistant N2-fixing soil
bacteria. Organisms were tested for antibiotic sensitivity according to the methods
of Grifith (9). For these experiments, the following antibiotics were used of the
indicated concentrations: ampicillin (10 jig), carbenacillin (10 µg), chloramphenicol
(30,ug), erythromycin (15 µg), kanamycin (30,ug), neomycin (30 µg), penicillin G
(10 U), streptomycin (10 µg), sulphadiazine (300 µg) and tetracycline (30 jig) per disc
(4 mm diameter).
Growth of mercury-resistant nitrogen-fixing bacteria in nutrient broth with or
without HgCl2. Typical growth of the bacterial strains T4 (Azotobacter sp.) and
KDr2 (Beijerinckia sp.) was followed turbidimetrically in nutrient broth in
nephalometric flasks. Nutrient broth was preferred to mannitol broth in this
experiment as quick growth of N2-fixing bacteria occurred in this medium.
Inoculum was prepared by prior exposure of the organism to 101uMHgCl2 in
nutrient broth in which it was grown overnight on a rotary shaker (200 rpm). In
the morning the inoculum was diluted 1:10 with fresh sterile media and HgC12
solution was added to maintain the concentration of HgCl2 at 0.62 x 10-4 M. This
concentration of HgCl2 was much higher than that necessary for inhibiting
gram-positive and gram-negative bacterial cells.
Volatilization of mercury by mercury-resistant nitrogen-fixing soil bacteria. In
this experiment four bacterial strains were used: Beijerinckia sp. (strain KDr1),
Beijerinckia sp. (strain KDr2), Azotobacter sp. (strain KDr3) and Azotobacter sp.
(strain T4). In the control flask, 3.333 mg of HgCl2 was added to 200 ml of nutrient
broth. In the experimental flasks an overnight culture of the bacterial cells was
diluted 1:10 with sterile nutrient broth to a final volume 200 ml and 3.333 mg of
HgCl2 was added. The organisms were grown up to 12 h on a rotary shaker
(200 rpm) at 32°C and the control flask was also shaken similarly. Then the cells
were harvested by centrifugation at 6,000 x g for 10 min at 0-4°C and washed 3
times with deionized water. A weighed amount of wet cells, 1ml of the supernatant
after each cell harvesting and 1ml of control medium containing HgCl2 were placed
in separate 50-ml volumetric flasks.
These were digested following the same methods mentioned earlier (5,8,11)
for estimation of the mercury contents of soil samples, and the mercury contents
in the digested samples were determined quantitatively by cold vapor atomic
absorption spectrometer (ECIL, Hydrabad, India).
RESULTS

Isolation and identification of Hg-resistant 1V2-fixingsoil isolates
The total bacterial count per gram of soil grown on mannitol agar is recorded
in Table 1. Mannitol agar was devoid of any source of nitrogen so the organisms
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grown on these media were considered to be N2-fixing. The total viable counts per
gram of soil sample grown on Hg-containing mannitol agar are also shown in this
table. In all the samples the ratio of total number of Hg-resistant N2-fixing organisms
to the total number of N2-fixing organisms was rather low. All the soil samples
were mostly semidried, loosely textured and slightly acidic except sample number
`J' which was slightly alkaline (pH 7.1). The farms from which these samples were
collected regularly used phenylmercuric acetate (PMA) and methoxy ethyl mercuric
chloride (MEMO) in excessive quantities during seed-dressing and seed-preservation.
Out of twenty five N2-fixing bacterial strains resistant to mercury compounds,
seventeen belonged to the genus Azotobacter (Table 3;). These organisms were
isolated from soil of different types, e.g, soils close to beans and pulses (lentil),
Table
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gram field, paddy field, groundnut field, and the soil samples were collected from
various parts of West Bengal, India. Beijerinckia sp. resistant to HgCl2 and PMA
were isolated from pulses (lentil) fields in the Murshidabad district. Bacillus sp. both
N2-fixer and Hg-resistant occurred in soil close to beans (leguminous plant) and
cereal (gram) fields.
Determination of total mercury content per gram of soil samples
The total mercury content of the soil samples (Table 1) was reasonably high.
Sample `G' showed the highest mercury content, i.e. 187.5 ng per gram of soil, and
sample `A' showed the lowest mercury content, i.e. 112.5 ng per gram of soil.
Pattern of mercury and antibiotic resistance properties
In Table 4 the MIC values of HgCl2 and PMA against the twenty-four
Hg-resistant N2-fixing bacterial strains are given. Among these strains TDr1
(Azotobacter sp.), TDr2 (Azotobacter sp.), KDr2 (Beijerinckia sp.), KDr4
(Beijerinckia sp.), KDrs (Beijerinckia sp.), KDr6 (Beijerinckia sp.), T, (Azotobacter
sp.), T2 (Azotobacter sp.), T4 (Azotobacter sp.) and KPr2 (Azotobacter sp.) were all
resistant to HgCl2 and PMA. However, strain T3, another Azotobacter sp., was
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resistant only to HgC12 and not to PMA. Strain RCr1 (Azotobacter sp.) was sensitive
to both HgC12 and PMA. The MIC values of HgC12 and PMA against all the
bacterial strains were also checked by agar dilution tests.
The antibiotic resistance spectra of all the N2-fixing soil bacterial strains (Table
4) that were mercury-resistant were also determined. Among these strains only three
bacterial strains, T3 (Azotobacter sp.), MPr (Azotobacter sp.) and MCr1 (Azotobacter
sp.), were fully resistant to all the antibiotics mentioned in "MATERIALS AND
METHODS." Other organisms had different patterns of antibiotic resistance.
Growth of mercury-resistant N2fixing organisms with or without HgC12
The growth of mercury-resistant N2-fixing organisms (strain T4 and KDr2)
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Growth of strain T4 (Azotobacter sp.) with or without HgClz.
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Growth of strain KDrz (Beijerinckia sp.) with or without HgCl2.
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is presented in Figs. 1 and 2. Strain T4 exhibited a lag of 3 h before growth
started in the presence of HgCl2, and the growth pattern of Hg-treated cells was
similar to that of the control cells without HgC12. The initial growth lag in Hg-treated
Beijerinckia sp. (strain KDr2) was only half an hour, but the growth of Hg-treated
cells was less than that of the control cells without HgCl2. In both cases, growth
of the cells was somewhat inhibited by HgCl2. Actually we have studied the growth
pattern of twelve more Hg-resistant N2-fixing bacterial strains exposed to the same
concentration of HgCl2 in the growth medium (not included in this paper) and all
the organisms had a distinct growth lag of a few hours before growth started in
the presence of HgC12.
Volatilization of mercury by mercury-resistant nitrogen fixing soil bacteria
Table 5 shows the pattern of mercury volatilization by four different
mercury-resistant N2-fixing soil bacteria. In the control set of experiments without
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organisms, 7.14% of the total HgCl2 was lost from the medium during 12h
incubation at 32°C. Azotobacter sp. T4 which was very weakly mercury-resistant
showed the lowest mercury volatilizing capacity, 54.90%, from the culture media
during the same period but mercury bound per gram of cell mass was highest in
this strain i.e. 17 µg. Beijerinckia sp. KDr2 showed the highest mercury-volatilizing
capacity, 83.15%, under the same experimental coditions. Two other organisms,
Beijerinckia sp. KDrI and Azotobacter sp. KDr3, also showed high mercury
volatilizing capacity: 80.23% and 67.76% respectively. But in the three organisms,
strains KDrI, KDr2 and KDr3, the mercury bound per gram of cell mass was 2.5,
2.5 and 4.5 , tg respectively and was lower than that in strain T4.
DISCUSSION

In all of the ten soil samples, the total number of N2-fixing organisms was
very high and the corresponding Hg-resistant N2-fixing organisms were reasonably
abundant. In all ten samples the ratio of total number of Hg-resistant N2-fixing
organisms and the total number of N2-fixing organisms was rather low. It is
interesting that the total viable count of mercury-resistant N2-fixing bacteria
increased with the increase in the mercury content of the soil. Soil sample `A' had
the lowest mercury content and also had the fewest Hg-resistant N2-fixing organisms
per gram, while sample `G' with the highest mercury content, 187.5 ng/g soil,
showed the highest count of mercury-resistant N2-fixing organisms.

92

RAY, GACHHUI,

CHAUDHURI,

and

MANDAL

VOL.

35

The minimum concentrations of HgCl2 and PMA necessary to inhibit these
bacterial strains indicated that the pattern of mercury resistance in these organisms
may differ from strain to strain (Table 4). All of the strains of Beijerinckia showed
high MIC values against HgCl2 and PMA. Beijerinckia sp. KDr2 showed the highest
MIC values of HgCl2 and PMA, i.e. 600 nmol per disc and 150nmol per disc
respectively. All of these isolates showed different patterns of antibiotic
resistance.
It is significant that the following N2-fixing bacterial strains which were
highly resistant to HgCl2 and PMA showed different types of antibiotic resistance
and they were resistant to a few antibiotics (Table 3): Azotobacter sp. (strain TDr1),
Beijerinckia sp. (strain KDr1), Beijerinckia sp. (strain KDr2), Azotobacter sp. (strain
KDr3), Beijerinckia sp. (strain KDr4) and Beijerinckia sp. (strain KDr5). Strain TDr1
was resistant to chloramphenicol, erythromycin, penicillin G and sulphadiazine.
This strain was sensitive to all other antibiotics used by us. Strain KDr1 was resistant
to chloramphenicol, erythromycin, neomycin, penicillin G and sulphadiazine, but
was sensitive to other antibiotics. Strain KDr5 was resistant to carbenacillin,
chloramphenicol, erythromycin, neomycin, penicillin G and sulphadiazine, but was
sensitive to other antibiotics. Strain KPr4 (Azotobacter sp.) exhibited resistance
against all the antibiotics and sulphadiazine except ampicillin, neomycin and
streptomycin.
The two Azotobacter strains T4 and TDr2 were quite resistant to HgCl2 but
they were moderately resistant to PMA. Each of these organisms had different
patterns of antibiotic resistance. Strain BNr3, quite resistant to HgCl2 but sensitive
to PMA, was resistant to carbenacillin, neomycin, penicillin G and sulphadiazine.
Strain KDr6 which was resistant to HgCl2 and PMA was resistant to all the
antibiotics except chloramphenicol and streptomycin. Strain PSr7 which was a
Bacillus strain was resistant to HgCl2 and to the five antibiotics ampicillin,
carbenacillin, kanamycin, penicillin G, sulphadiazine and tetracycline but it was
sensitive to PMA. Other bacterial strains in Table 4 which were considered weakly
mercury-resistant exhibited different types of antibiotic resistance. There are reports
that mercury resistance in bacterial cells is associated with multiple antibiotic
resistance (17). However, antibiotic resistance properties associated with mercury
resistance in those bacterial strains were of a different nature. The pattern of growth
for all the bacterial strains shown in the figures was the same with a distinct lag
of growth in each case. There was also slight inhibition of growth in mercury
treated cells. A gradually increased lag of growth with increasing concentration of
HgCl2 in the growth medium was reported for Acinetobacter lwoff GB1(3). There
are reports that mercury-resistant bacterial cells can volatilize mercury from HgC12
containing liquid broths and also can bind mercury with the cell constituents (3,10,13,15). It is evident from this work that bacterial strains having
HgCl2 and PMA resistance properties are also capable of volatilizing mercury from
liquid media. Bacterial strain KDr2 which has the highest MIC value against FIgC12
and PMA also has the highest mercury volatilizing capacity.
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Our present work indicates that a large number of N2-fixing soil bacteria
belonging to different genera were resistant to HgC12, and many of these organisms
were highly resistant. A few of these bacteria were also resistant to PMA. The
ecological importance of PMA resistance is that these microorganisms are known
to degrade PMA to (i) Hg2 + + C6H6, (ii) Hg2 + = Hg (0). The latter volatilizes
out of the system due to the high vapor pressure of mercury (20). Since PMA-resistant
bacteria are known as broad spectrum Hg-resistant organisms, any PMA or
methoxyethyl mercuric chloride which may come into soil as pesticides is expected
to be degraded by these organisms. In this context the present work has both practical
and ecological importance.
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