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ABSTRACT
Cadmium biosorption by bacterial cells is recognized as a potential alternative to

existing recovery technologies. Bacterial strains under investigation were isolated from
air surrounding gamma industrial facility C06O source of the NCRRT, Cairo. The effect
of different concentrations of cadmium on the growth was determined for the spre
forming bacteria B.coagulans, B.megaterium, B.pumUus, B.pantotfienticus, and also for
Staphylo coccus aureus, the reference standard strain used in these study for
comparison was B.subtilis MERK10646.

The results indicated that, B.pantothenticus was the most tolerant isolate, and it
can resist up to 400 ppm. Cadmium capacity for B.subtilis parent strain was increased
through the influence of different doses of gamma radiation, selected mutant of
B.subtilis show enhanced level of cadmium accumulation. The effect of environmental
parameters as pH, temperature and also the effect of bio mass factor on cadmium
uptake by B.pantothenticus and B.subtilis (m) was traced.

Cadmium/Bacteria/Radiation,

INTRODUCTION

There has been a progressive increase in the environmental load of toxic heavy
metals over the past century. Chronic and acute heavy metal pollution arises from a number
of anthropogenic sources, including energy production, metal mining and refining,
manufacturing, agriculture, and waste disposal "*•
Heavy metal decontamination by physical and /or chemical processes are generally used,
biological method offer a potential alteration to existing methods for metal decontamination
since the other methods are expensive also the ease of metal recovery (metal removal from
biomass) for subsequent reaction.

Heavy metal uptake by biological cells is known under the general term of btosorptin
, most work to date has been directed towards microbial systems to remove metals as
uranium, cadmium, copper, lead and others from contaminated aqueous effluents'21"

There are different mechanisms for metal removal by microbial systems involve
precipitation by immobilization of the metal cations mainly as metal sulfides,
biotransformation include alkylation, reduction and oxidation reactions, intracellular
accumulation through passive diffusion, facilitated diffusion and active transport,
extracellular accumulation at cell surface through precipitation or binding reactions<H.

Binding of metals to cells is related to the composition of cell walls, the nature of
the cation , the metal chemical form, temperature, PH, metal concentration, metal ionic
radius, metal solubility, competing ions, oxidation-reductin potential(4>.
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Cadmium was chosen to be our metal under study because it is one of the most toxic
heavy metal, carcinogenic , teratogenic , mutagenic and causes reproductive system damage ,
kidney failure , lung damage , liver damage , a variety of skeletal effects, anemia,
cardiovascular diseases accompanied by hypertension in human <5>6).

The purpose of this study was to:
• Investigate new strains isolated from the surrounding environment capable of

removing cadmium from polluted area.
• Carry out genetic manipulation of the selected strain by using gamma radiation to

improve their capacity for better accumulation.

MATERIALS and METHODS

Microorganisms

Microorganisms used in these study were isolated from air housing the Co6 0 source
of the gamma industrial facility in NCRRT, they were identified as Bacillus pumilus,
Bacillus coagulance , Bacillus megaterium, Bacillus cerues, Bacillus pantothenticus, and
Staphylococcus aureus . Bacillus subtilis was used as a reference standard strain for
comparison ,it was obtained from MERCK 10646-microbiologie .

Chemicals

Cadmium was used in the form of cadmium chlorid monohydrat (MERCK).

Cultures and growth conditions

All bacterial strains were routinely maintained on TGY/Agar slants, bacterial
suspension was prepared by growing bacterial cells in flasks of TGY broth , shacked at (200
rpm ) and incubated at 30°C for 18 hrs , bacterial biomass were harvested by centrifugation at
6000 rpm for 8 mins, washed three times by sterile deionised water (DDW) and suspended in
sterile NaCl 0.9% solution to be used later.

Effect of different concentrations of cadmium on the growth of bacterial strains
(cadmium toxicity)

1 ml from previously prepared suspension was transferred to 9 ml of 0.9% of NaCl
sterile solution and then diluted through a serial dilution and 0.1 ml from the appropriate
dilution was plated onto TGY agar plates containing different cadmium concentrations
namely (25 ,50, 100 , 200 , 300 ,400 ppm). The plates were incubated at 30 °C for 1-7 days
then growing bacterial colonies were counted (7)'.

Accumulation of cadmium

Accumulation experiments were performed by using 0.01 gm dry weight of bacterial
cells ( unless noted otherwise ) in 10 ml of cadmium chloride 50, 130 ppm ( unless
mentioned otherwise) dry cell weights were obtained by air drying (100 °C)of known volume
of cell suspension before they were exposed to cadmium to determine the appropriate volume
to be used, cells were added to cadmium solution which has been prepared before from
autoclaved stock solution of CdCl2, they were incubated for 24 hrs. at 30°C , and then cells
were re-washed three times by DDW after centrifugation collected bacterial cells were dried
at 80°C for 48 hrs . The dried cells were digested in a boiling mixture of H2O2 and HC1O4
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( 1:1 ) until complete digestion of the organic matter. Theaccumulated Cd was determined
via UNICAM 939, atomic absorption spectrophotometry. . Cadmium biosorption was
estimated by determining the difference in metal content between control tube without
biomass and test tubes containing biomass. (8)\

Irradiation facility

(Gamma chamber 4000A) ,gamma champer4000A is a compact and self contained
irradiation unit offering an irradiation value of approximately 4000 cc . Dose rate was 2.347
kGy / hr at the time of the experiment.

Irradiation of the isolated bacterial strains

The strains under study were prepared in the form of test pieces according to the
method recommended by (9\ Prepared test pieces were exposed to different doses of gamma
radiation ranging from 2- 25 kGy .The irradiated test pieces with their control ( non-irradiated
one ) were aseptically removed from their polyethylene bags then transferred to 10 ml sterile
isotonic saline solution, shacked well and then 10 fold serial dilution was carried out then 0.1
ml of each appropriate dilution was plated on TGYagar plates, incubated at 30 °C for 24
hrs. The growing colonies were counted, and bacterial colonies which showed differences in
their morphological characters comparing to the parent strain of the control were picked up,
purified and cultured on TGY slants for further use.

Different factors effecting cadmium uptake

• Cell biomass : using different amounts from previously prepared bacterial
suspension of Bacillus pantotheticus and Bacillus subtilis which were equivalent to 0.01,
0.015, 0.02, 0.03, 0.035,0.045 gm dry weight

• Temperature : to trace the effect of temperature on sorption capacity, microbial cells
were incubated at ( 2 , 20 ,30 , 60°C ).

• pH : pH was adjusted using NaOH and H NO3 ( 4.0, 7.0, 7.5, 8.0 pH ) , and then
inoculated with the cell suspension.

• Nutrients: this study was performed to observe the effect of nutrients addition on
cadmium uptake after 24 hrs. of incubation, nutrients were added as a solution of glucose
1000 mg /L ; (NH4)2So2 94.6 mg / L ; KH2Po4 17.6 mg/L ; Yeast extract l.Omg/L
and NaCI 5000 mg / L . Final C, N,S and P concentrations in the reaction mixture were
respectively (4.00 mg / L , 0.20 mg / L , 0.23 mg / L and 0.04 mg / L) , microorganisms
suspensions were incubated with solutions of water / Cd2^ 50 ppm without nutrients, and
other group were incubated with water / Cd2+ 50 ppm / nutrients , both groups were
incubated for 24 hrs at 30 °C (10\
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Cadmium toxicitv

RESULTS and DISCUSION

Effect Of Different Cadmium Concentration
on The Crowth of Microbial Strains
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Tolerance of the isolates to cadmium was determined by measuring bacterial growth
inhibition in solid TGY medium supplemented with cadmium concentrations up to 500 ppm,
bacterial cells were counted using traditional plate count technique and results expressed as a
percentage of the control value, fig (1) represent the relationship between percent inhibition
against metal concentration added and it clearly shows that B. pantothenticus , B. pumilus, B.
cerus, B. coagulance, Staphylo coccus aures, B. megaterium, B. subtilis, can resist up to

• ( 400 , 400 , 350 , 300 , 300 , 200 , 200 ppm ) respectively.
Differences in resistance might be explained in view of the presence of different mechanisms
for cadmium accumulation by different microorganisms. Bacterial resistance to metal are
heterogenous in both their biochemical and genetic bases'1"' . Metal resistance may be
chromosomally , plasmid or transposon encoded, and one or more genes may be involved<12)'
. Various types of resistance mechanisms can occur singly or in combination and for a
particular metal different mechanisms of resistance can occur in the same species. It was
proved that metal enhances the production of certain proteins which function like
metallothionein and bind free Cd2+ in the cytoplasm these proteins called metallothioneinlike
proteins. It was suggested that Cd2+ resistance in gram-positive bacteria results from the
presence of a P-type efflux ATPase system*13'14*', in contrast resistance to Cd2+ in gram-
negative bacteria is the result of the production of metallotioneinlike proteins <14>, and the
action of proton-cation antiporters, members of a newly-recognized protein family that has
been implicated in diverse functions is called RND. Another new protein family called CDF
for cobalt, zinc, cadmium resistance determinant in the Gram negative bacterium Alcaligenes
eutrophusll3)'.

In order to explain the reduced ability for growth by an actively growing bacterial
culture and Cd2+ effect on DNA. It was reported that Cd2+ causes single -strand breakage in
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the deoxyribonucleic acid (DNA) of Escherichia coli,an actively growing culture displayed
an 85 to 95 % loss in its ability to produce colony forming units on agar plates this was
associated with considerable single strand breakage in DNA(16)*.

Non specific binding of Cd2+ to the growth medium components was equivalent to
about 15 % of the total Cd2+ uptake taken up by the bacterial strains that make it difficult to
interpret toxic effect at the determined metal concentration^.

From results previously illustrated in fig (1) it is clear that the most resistant isolate
to cadmium was B.pantotheticus. All bacterial strains under study were exposed to different
doses of gamma radiation , and their radiation resistances were determined by their D,o
values (the D]0 values is defined as the dose of ionizing radiation required to reduce a given
microbial population by a factor of 10 or 90% or by one logarithmic cycle), B. pantothenticus
, B. pumilus, B. cerus, B. coagulance, Staphylo coccus aures, B. megaterium, B. subtilis their
Dio values were determined to be 3.9,2.4,2.8,1.7,0.6 , 1.8, 2.9 kGy respectively. Different
mutants were picked up from both strains and routine biosorption reaction was carried out
for their cadmium accumulation, results were sum in fig ( 2 )& fig (3).

Cadmium accumulation

The ability of several microbial strains and their mutants to accumulate cadmium was
traced. Fig (2) & fig (3) shows that, B.pantothenticus and B.subtilis mutant (the improved
mutant of B. subtilis which has higher efficiency for Cd uptake than the parent one almost
reached 3 fold) they have the highest capacity for Cd2+ binding and accumulation among
these group. Therefor B.pantothenticus and B.subtilis mutant were selected for further
investigation .

Heavy metal biosorption is a phenomenon includes both passive adsorption of heavy
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metal at binding sites on cell envelopes and metabolicaliy mediated uptake. The occurrence
of these mechanisms depends on the metals and the types of microorganisms due to different
cellular composition. Cadmium biosorption is mainly passive adsorption reactio<10)'

Cd2+is accumulated as metal phosphate at bacterial cell surface as a result of acid
phophatase type enzyme action(I7)\

Effect of cell density

Biomass effect on cadmium uptake byB.pantothenticus and B.subtilis ( m)
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Cell density had a marked effect on Cd2 accumulation by B.pantothenticus and
B.subtilis as shown in fig (4). The final levels of Cd2 accumulated by B.subtilis(m) were
approximately 5.39, 6.71, 9.74, 15.01,40.5, 50.0 ppm at cell densities of approximately 0.01,
0.015, 0.02, 0.03, 0.035, 0.045 mg dry weight respectively and by B.pantothintecus were
5.88, 8.8, 9.78, 32.7, 38.15, 50.0 ppm at cell biomass of 0.01,0.015, 0.02, 0.03, 0.035, 0.045
mg dry weight respectively.
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It was evident that cadmium accumulation increase with the increase of cell densities
that suggest the increase ofCd2+ binding sites with the increase of cell number. Despite the
increased removal of Cd2+ from solution at higher cell densities, decreased amounts of Cd:'
were accumulated per cell, these may attributed to a decrease in the availability of exogenous
solute <18)', or to increased electostatic interaction between cells which decrease the
availability of binding sites for metal binding<19)'

Effect of nutrients addition

Nutrients effect on Cd2+ uptake results depicted in fig (5), clearly showed that the
addition of nutrients caused no increase in cadmium uptake level by B.pantothenticus
suggesting that there is no effective active transport system for cadmium in these strain, in

Nutrients Addition Effect On Cadmium Uptake

l.pantothenticus

B sublilis (m)

- Nutrients

Fig(5)
the other hand the addition of nutrients caused a great increase in cadmium uptake by

B.subtilis mutant almost 2 fold more . It can be concluded that B.subtilis mutant has an
energy dependent transport system which allows Cd2' accumulation inside the cell .
Accordingly the high resistance of B.pantothenticus may be due to the lake of active
transport system , and the sensitivity of B.subtilis could be due to the presence of metabolic
transport system. It was reported that metal accumulation in the presence of metabolisable
substrate such as glucose can be three fold greater than in the absence of glucose, that is
because glucose activate transport system membrane bound H+-ATPases , across the
cytoplasmic membrane'". Published data demonstrated that these low concentration of
nutrients were meant to keep biomass growth at insignificant level, in the same time they
were high enough to significantly affect the biomass metabolism . The phosphorus
concentration was also kept low to avoid precipitation of cadmium phosphat.
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Temperature effect

Temperature Effect on Cadmium uptake by
B.pantothenticus and B.subtilis(m)
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Metal biosorption by fungal and bacterial cells is affected by the incubation
temperature ( 19\ The effect of temperature on cadmium uptake level by B.pantothenticus and
B.subtilis mutant was traced and results are sum in fig (6) which clearly shows that
cadmium accumulation increase with the increase of temperature, these phenomenon
observed indicate the occurrence of metabolic mediated uptake process.

At 2 °C (nearly zero) cadmium uptake resulted exclusively from a passive adsorption
mechanism due to low biological activity at low temperature though little or no metal is
sequestered through metabolic processes by viable biomass, at this low temperature
B.pantothenticus accumulate Cd2'" by passive adsorption more than B.subtilis mutant do and
that agree with the results observed from nutrients addition experiment , when the
temperature was raised to 40 °C the metabolic activity of the bacteria increased and cadmium
uptake increase, at 60 °C Cd2+ uptake continue increasing for B.pantothenticus and B.subtilis
,that confirm the occurrence of some metabolic processes other than passive uptake of
cadmium. It was published that with the temperature increase the metabolic activity of the
sludge strongly increased; cadmium uptake also increased over the tested temperature
range* I0)\

Effect of pH

Biosorption of metals by fungal and bacterial biomass is pH dependent. In order to
determine whether or not this was the case with biomass derived from B.pantothenticus and
B.subtilis mutant, routine biosorption reaction was carried out, bacterial biomass were
incubated with cadmium solutions of pH (4.0, 6.0, 7.0 and 8.0). From results illustrated
previously by fig(7), we can conclude that Cd2+ accumulation increase with the increase of
pH over the pH range tested. These phenomenon were already observed with raw sludge
suggesting that metal biosorption mechanism is largely passive. Increased pH result in
increase of negative charges at the cell wall surface which binds to metal cations (19)'.
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CONCLUSION

Based on the data reported in this work, we can conclude that the most appropriate
isolated strain in this work was found to be B. pantothenticus ,this effeciency was affected
by the studied factors . The level of uptake was increased by genetic manipulation of the
parent strain of B.subtilis , the mutant strain was induced by gamma radiation.
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