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Abstract: Twenty six samples from industrial wastes and sewage waste were collected and
checked for the presence of lead resistance bacteria. Nineteen lead resistant bacterial strains
were isolated. Most of the bacteria showed resistance against lead up to a concentration of |
mg/ml. of the medium. Seven bacterial strains were selected to determine their lead
processing ability. The bacteria showed efficient capability to process lead. The mechanism
for lead processing is proposed to be lead accumulation or lead sorption. Variation in the
lead processing ability of the bacteria was observed. Most of the isolates showed an initial
speedy processing of lead during 24 hours and a slower relatively constant processing during
next 48 hours. One of the isolates showed a slow processing during first 24 hours and a more
enhanced processing during the next 24 hours and a very speedy processing during the next
24 hours. Plasmids were detected in some of the strains capable of lead processing showing
that the gene for lead processing was usually present on chromosomal DNA. Plasmid
occurrence frequency was more in an area where there was constant inpouring of industrial
wastes for the last many ( 50) years while it was less in other arcas where there were

separate ponds.
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INTRODUCTION

cad resistant bacteria arc Ircquently fgiind in sewage water and industrial
wastes containing lcad. A numbui vl scientists have reported isolation of lead
resistant bacteria (Couillard and Charticr. 1993: Tondwalkar et al.. 1990:
Bender ef al.. 1989: Lec at al.. 1992). Most of the developing countries like
Pakistan arc facing the problem of heavy metal contamination through industrial wastes
while these wastes arc not being treaicd properly. With increasing insight into the
capability of a variety of microorganisms to process and detoxify heavy metal ions. the
scientists have suggested to exploit this capability in environmental clean up operations.
Bioremediation or the usc of microorganisms for decontamination is getting the status of
first rate method for environmental protection. Microorganisms used for these
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operations not only detoxify heavy metal ion in the environment but also don’t add any
surplus chemicals as is usually the result of chemical treatment plants. Metal processing
strains have now been commonly reported in a number of studies. These strains have
been studied and improved for exploitation in detoxification procedures. Lead resistant
bacteria have also been used for lead and other metal ion processing. In a study
bacterial strains were used to adsorb metals like lead. copper and zinc from spent wash.
Onc of the strains removed 64% lead in onc hour and 82% copper in two hours. while
the other strain removed 76% of the zinc in  two hours (Tondwalkar et al.. 1990).
Another study reports the use of a technique of integrated ecosystem for the uptake of
lcad. The transfer of metal through the system was observed with the eventual binding
of the metal with the biomass. It was noted that incrcasc in biomass of microorganisms
incrcased Icad-recovery. It also increased microbial tolerance for Icad. The stable
microbial mass floating on the surface of the pond bound the metal for extended period
of time (Bender ef al.. 1989).

The aim of this study was to check the presence of lead resistant and lcad
processing bacteria in various sewage wastes and industrial cfMluents. In this regard
nincteen bacterial isolates from water samples got from various industrial waste were
checked for their lead resistance. Seventeen bacterial isolates showed resistance against
high concentrations of Icad in the medium. Lead processing ability of the isolates was
checked by estimating the concentration of Iead in the medium afier various intervals of
growth of bacteria in the cultures. The reduction in the amount of lead indicated the
processing of Icad by bacterial strains. Two modes of processing of lcad were observed.
The implications of the Icad resistant bacteria in bioremediation and environmental
cleanup operations were discussed.

MATERIALS AND METHODS
Collection of samples

Twelve water samples were coliccted from cffluents relcased by tanning
industry. 4 from cfMlucnts of industry engaged in food processing. soap formation and
textile mixed with sewage waste and threc from cffluents of ICI paint plant. The samples
were collected in sterile screw capped glass bottles. brought to the laboratory and stored
at room tempcerature before spreading on plates.

Growth and lead resistance of bacteria

For sclection of Icad resistance bacteria LB agar plates with 1mg/mL Icad were
used. Lead acctatc was used as source of Pb™'. Lead acctate solution and LB agar
medium were autoclaved scparately and allowed to cool down. When the temperature of
the two solutions was slightly less than 60°C. the solutions were mixed and poured into
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plates. Industrial effluent (100pul) was spread on the plzitcs and the growth of colonics
was obscrved after 24 hours. Colonies were picked and streaked for purification and for
determination of maximum resistance of the strains against lead.

Fstimation of lead in the medium

In order to estimate the amount of lead in the medium. dithizone method (E.
Mecrck) was used. Reagent I (R1) was prepared by dissolving 10mL of hydrazinium
hydroxide in 70mL of IN HCI. then adding 20g of NaCl and making the volume up to
100mL with distilled water. Reagent 2 (R2) was prepared by dissolving 20g potassium
hydrogen carbonate. 5g potassium cyanide. 5g potassium sodium tartarate and 25mL
ammonium solution in 100mL of distilled water. Dithizone solution was prepared by
dissolving 15mg of dithizone in 1000mL of chloroform. Five mL of LB broth with lead
concentration of 1mg/mL was taken in test tubes. The tubes were inoculated with fresh
bacterial cultures. After incubation for 24 hours ImL culture was taken from the tube
ascptically. The culture was diluted to 25 times volume with distilled water. This
mixturc was taken in a separating funncl and 2.5mL of Rl were-added followed by
addition of 2.5mL of R2. After that 12.5mL of dithizonc solution was added. The
mixturc was shaken for 5 minutes and the pressurc developed by shaking and reaction
was relcased by removing the stopper or valve. The mixture was allowed to stand for a
few minutes. Two layers were formed. The lower layer containing chloroform was
collected in a glass bottle and OD of the solution was taken at 515nm against a blank
which was prepared through a similar procedure by taking 25mL distilled water without
any culturc. The same procedure was adopted to estimate lead at (. 48. and 72 hours.
Control of the lead processing was run using the medium without inoculation incubated
at same conditions as that of the culture.

Amount of lcad was calculated by the following formula:

G= M x 95.4 x dilution factor
a
where G = amount of Icad in mg/L. a = amount of water used in mL. M = absorbance.
Bacterial processing of Icad was assessed by cstimating the amount of Icad in the
medium after various time intervals. All the readings were taken in triplicate for
statistical analysis:

Isolation of plasmids

A single colony of various Icad resistant strains was sclected and grown in LB
liquid medium for plasmid isolation. The procedurc adopted for isolation of plasmids
was as described by Holmes (1984). Plasmid DNA isolated from the bacterial isolates



110 RIAZ UL HAQ ET AL.

was run on agarose gel and visualized under UV illuminator aficr staining with
cthidium bromide. The isolation experiment was repeated threc times (o ascertain the
presence of the plasmids.

RESULTS
Isolation of lead resistant bacteria

LB agar plates containing lead at a concentration of Img/mL were used to
isolate lead resistant bacterial isolates. Seventeen isolates showed resistance against
lead concentration of simg/mL ‘while two isolates showed resistancc against lcad
concentration of 2mg/mL of the medium. Singlc colonics were picked and inoculated in
250mL flasks containing 100 mL of the LB liquid medium. The pH of the medium was
adjusted at 7.0 and the temperature of incubation was 30°C.

Processing of lead by bacterial isolates

Processing of lead by the bacterial strains was determined though dithizone
method. Five strains were uscd for checking Icad processing cfficicncy. The results are
shown in Tablc I and Fig. 1.

Table I: Percentage reduction after various time intervals in amount of lead
present in the medium inoculated with fresh cultures of bacterial
isolates

Timc (Hours)

Isolatc No. 24 48 72
Lcad Reduction (%)
66.33* 67.43 68.43
2 64.23 64.79 65.12
3 69.53 76.37 76.93
4 2.64 30.0 79.0
7 50.0 52.64 55.29

*All the values in the table are mean of three readings

lw
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Isolation of plasmids

Twelve isolates from the effluents of Kasur tanneries waste were used for
plasmid isolation and nine (75%) out of these were found to harbor plasmids. Threc
isolates from [CI paint plant wastes were used for plasmid isolation and none of these
was found to harbor a plasmid. Four isolates from effluents of Kot Lakhpat industrial
arca of Lahore were used for isolation of plasmids and only one strain (25%) was found
to contain a plasmid.

Processing of lead by five bacterial isolates
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Fig. 1: Graph showing the amount of lead in the media cstimated at various time intervals
after inoculation of the media with exponential phase cultures of various bacterial isolates.

DISCUSSION
Metal tolerant microbial strains have been frequently reported in water samples

taken from the environment recetving metal ions. They originate in habitats having
clevated levels of heavy metals:(Verma. 1995). Bacterial resistance mechanisms have
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extensively been studied and it is found that bacteria resist metals due to the presence of
some cellular mechanisms of combating toxic effects of metals (Mergeay. 1991: Nies
and Silver, 1995; Wood and Wang. 1985). Various metal resistance and metal
processing mechanisms are involved in bacterial metal resistance. Generally these arc
reduction of metal and detoxification through the enzymes present at the cell wall or
periplasmic space. In this process the reduced metal ions remain outside the cell
membrane and usually in the medium. Another method of metal resistanee is metal
accumulation by the bacterial cells through ion influx and effluxes. In this process the
metal ions sometimes accumulate inside the cell and may cause ultimate death of the
cell. Still other method is biosorption or binding at the surface of the cell. In this process
of adsorption the metal ion may be reduced or oxidized while binding to the cell wall.
Sometimes metals like copper. iron or sulfur are oxidized by bacteria like Thiobacillus
ferrooxidans to express metal resistance or metal processing mechanisms.

Because of extensive industrialization and automobile running, lead has
become a common contaminant of soil air and water. It causes a large varicty of
abnormalitics in human and mammalian systems due to accumulation in food chains or
animal tissues (Sachs. 1978: Kusell er a/.. 1978). With increasing understanding of
metal resistance in microbes. the scientists arc gradually using these microorganisms in
environmental decontamination studies and operations. The usc of microorganisms in
environmental clean-up studies is now coined as biorcmediation. Many bioremediation
processes have now been reported (Bender ef al.. 1989: Silver. 1994). These
mechanisms are supposed to be less risky than the chemical decontamination because of
less additional chemicals involved.

Some of the bacterial isolatcs in this study were found to be efficient in
processing of lead. Two modes of processing of lead regarding the time period required
has been indicated in this study. In onc mode shown by strains 1. 2. 3. and 7. maximum
processing was achieved in first twenty four hoyr followed by a slow processing in the
next 48 hours of the observation. In the second mode shown by strain 4. a very slow
processing was achieved in first 24 hours. a slow processing in the next 24 hours and a
very rapid processing in the last 24 hours of the observation. The possible explanation
for the difference is the variation in time period of expression of genes for lead
processing. Secondly. some of the bactcria exposed to constant stress of lead may have
developed an efficient system of lead processing which comes in operation quickly when
exposed to lead while others may have to undergo a long genctic process for expression
of lcad processing proteins. Another conclusion which can be drawn from the results is
that resistance to lead and processing of lead may be achieved through two different
mechanisms.

Most of the strains got from tannery cffluents were found to harbor plasmids
which indicate that plasmid transfer took place in an arca duc to common environment
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and contact of bacterial strains with one another. Secondly. the absence of plasmids in
lcad resistant strains also indicated that gene for lead resistance is not solcly present on
plasmids. It is present on the chromosome. The absence of plasmids in bactcrial isolatcs
from other effluents like that of ICI showed that the bacteria in the arca had less
possibility of encounter with plasmid bearing bacteria or the proper strcss was not
present for maintenance of plasmids.
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